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STA/T STEP PROCEDURE

PANEL

REMARKS

L.11 NAVIGATION
4.11.1 ORBITAL NAVIGATION

b.11.1.1 (P21) Ground Track Determination

CMC - on (req), 4.8.1.3

CMP 1 Key V3TE 21E
2 FL VOh NO6
Option code
CMC assumed option
(00001 = CsM,
00002 = IM)

00002
0000X

Accept. PRO
Reject V22E (load desired option)

3 FL V06 N3k

GET lat long 00XXX. HRS
000XX. MIN

OXX.XX SEC

Accept PRO
Reject V25E (load desired T-lat long)

2,1k0

For general G&C operating dasta, refer to operating
notes, 4.6.1.

Provides crew ground track data for either CSM or
IM, based on time loaded in 3.

Initial display will contain zeros (present time).
If not changed by astronaut, P21 calculations will be
based on present time.

GET at desired position of selected vehicle.

4,11.1.1

(P21) GROUND TRACK DETERMINATION
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STA/T STEP PROCEDURE PANEL REMARKS
CMP 4 FL V06 N3 2,140

Lat (+N) XXX.XX DEG Selected vehicle latitude at T-lat long.

Long (+E) XXX.XX DEG Selected vehicle longitude at T-lat long.

Alt XXXX.X NM Selected vehicle altitude above launch pad radius for
earth orbit, or above lunar radius at most recently
defined landing site for lunar orbit, at T-lat long.

If desired
Key NT3
Alt/10 XXXXX. NM Provides altitude display with scale compatible with
VI XXXXX. FPS altitudes associated with lunar mission.
Gamma XXX.XX DEG

To increment T-lat long by 10 min

Key V32E

Return to 3

5 PRO (term P21)

FL V37
Key XXE

For V32E, program keeps previous state vector for use
in starting next iteration without, however, ensuring
that subsequent integrations are precision. If times
reasonably close, V32E should be used; if far apart,
would be quicker to reselect P21.

ROO.

(P21) GROUND TRACK DETERMINATION
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STA/T STEP PROCEDURE PANEL REMARKS
4.11.1.2 (P22) Orbital Navigation Purpose :

e Locate, track and mark on lmk suitable for
navigation.

e Calculate orbital parameter changes generated by
lmk sightings marks.

e Display orbital parameter changes generated by
first lmk sighting mark for crew/MSFN verification
prior to state vector update.

® Update known lmk coordinates.

® Provide unknown lmk coordinates.

® Track a preloaded landing site.

e Provide coordinates of a new landing site
(treated as an unknown lmk).

e Provide coordinates of an offset landing site.

¢ Point opties along an advanced orbit ground
track to track and map a new lending site.

Lmks may be known or unknown.

Known 1mk - Made known to CMC by Lat,
Long/2 and Alt.
h.11.1.2 (P22) ORBITAL NAVIGATION
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STA/T STEP PROCEDURE

PAKEL

REMARKS

CMP

CMC - on (req), 4.8.1.3

ISS - on & orient known (req),
b1k

Opt Pwr Up (req), 4.8.1.k

OPT ZERO - OFF

OPT MODE - CMC

SCS - on (req), 4.8.4.2

4.8.1.3 &

122

Unknown lmk - Identified to CMC as unknown lmk.

There are two types of landing site mapping:

Only legitimate values of lmk ID in N70 and N7l are:

Landing site determination - Track and mark an
unknown lmk and store coordinates in lmk ID 01.

Landing site offset - To store offset landing
site coordinates in lmk ID Ol.

00 - known lmk loaded by N89

01 -~ landing site

50-5T7 advanced orbit option where units digit is
the number of orbits ahead. (NTO only)

Ground Track Determination Program (P21) available

to aid in selection of 1lmks.

W-matrix should not be initialized to magnltudes
>328 fps and 51,647 £t (N99 display).

Provides monitoring and alternate control capability.

For orbital navigation,

(P22) ORBITAL

NAVIGATION
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STA/T STEP PROCEDURE PANEL REMARKS

1 Sel Tot Att Disp, k.T7.2.5

2 Sel Att Cont mode, 4.7.1
CMP 3 Key V3TE 22E 2,1ko0

Poss PROG alarm (4.8.1.16) RO2.
4 FL V06 NuS
R3 - max MGA if X-axis XXX.XX DEG MGA maximum possible middle gimbal angle if CSM
inplane X-axis held in orbital plane.

If IMU align satisfactory

CDR Perform ORDEAL Init, 4.8.4.8
Mnvr to sighting att & Initial sighting attitude should position optics
establish orb rate shaft axis inplane and =50° shead of local vertical.

Sel FDAI disp & att cont This provides optics cone of view which extends =90°
mode desired, 4.7.1 & L4.T7.2 ahead of local vertical at beginning of sighting.

RHC - position Xsc axis =20° above As 1mk approaches, pitch CSM down =~20° below horizon.
lel horiz, SEF hds up; as lmk Cone of view now extends from =50° ahead to =30°
approaches, pitch slowly to =20° aft of local vertical.
below horiz (put COAS LOS on
horiz or use ORDEAL FDAI)

RHC or MIC - pitch to offset Sighting attitude should be adjusted by small roll
orb rate, roll to avoid shft maneuver, if necessary, to prevent optics shaft axis
axis =10° of lmk, if known from passing within 10° of target lmk. The 10°

separation of lmk LOS and shaft axis ensures optics
drive rates are not exceeded because of optics shaft
reversal to avoid trunnion stop at -5°.

h.11.1.2 (P22) ORBITAL NAVIGATION

THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM

AOOHYdNVH SNOILVIIdJO OTTOodV

(2)=r-II NO0Td-£0-VZHS

NCRMAL BACKLP



g STA/T STEP PROCEDURE PANEL REMARKS
=
SJ CMP PRO (If E.O0., go to 6) 2,1k0
o
® or If realign desired
[ Key V3TE XXE Select IMU realignment procedure. Reselect P22 at
:: completion of realignment procedure.
£
< 5 FL V05 NT0 (L.O. only)
= R2 - lmk code ABCDE
] A 1 (known 1lmk), 2 (unknown lmk)
e B 1Index of offset designator
C Not used
Q DE 1mk ID
5
o Reject Key V22E
o Load desired lmk code
SJ Accept If A =2
o OPT MODE - MAN 122
PRO 2,140
Go to 8
or If'A=18& DE = 01 or 50-57
PRO
Go to T PROG alarm (00L4OL4) may occur at this point.
or IfA=1%&DE=00
9 PRO
o
® Poss OPR ERR
A=0or>2, B>5, or DE # 00,
0l or 50-57
Recycle 5
&=
'
vl
n

(P22) ORBITAL NAVIGATION
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STA/T STEP PROCEDURE PANEL REMARKS
CMP 6 FL V06 N89 (1lmk data) 2,140
Lat (+N) XX .XXX DEG Lmk latitude.
Long/2 (+E) XX.XXX DEG Lmk longitude divided by 2.
Alt XXX . XX NM Lmk altitude above Fischer ellipsoid for zarth orbit,

ReJect V25E
Load desired data
Accept PRO

Poss OPR ERR
R1 or R2 >90°
Recycle 6

(R52, Auto Optics Positioning Routine)

Poss FL VOS5 NO9
ookok4 (TA >90°)

Mnvr CSM until opt can
acq lmk
PRO

V34E (term prog)
FL V37T
Key XXE

or

or above mean lunar radius for lunar orbit.

Points optiecs SLOS to selected lmk automatically. If

in lunar orbit and a lmk code (DE) of 50 through 57
loaded in 5 (E defining desired number of orbits
ahead), CMC points optics 60° ahead of CSM along
advanced orbit.

PROG alarm light on.

PRO recomputes required optics angles.

ROO.

h.11.1.2

(P22) ORBITAL NAVIGATION
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STA/T STEP PROCEDURE

PANEL

REMARKS

CMP If TA >50° & <90°

Mnvr to reduce trun angle

7 V06 N92 (new OCDU angles)
SA XXX.XX DEG
TA XX.XXX DEG

To mrk, OPT MODE -~ MAN

(R53, Sighting Mark Routine)
8 FL V51 (please mrk)

Center 1lmk in opt
MARK pb - push

Accept Repeat mrk proced

or PRO

2,1h0

122

2,140
121
122

2,1h0

If TA >50° and <90°, trunnion driven to upper limit
(=49.7754°) and held at this angle.

Key V16 N92E for display of required optics angles
if not presently displayed.

No display if OPT MODE - MAN or if R52 reselected
after R53 called, see next remark.

Selects R53. To regain auto opties positioning,
select OPT MODE - CMC (prior to completion of R53).
CSM attitude rates >two-thirds degree/second will
result in rejection of sighting marks; indicated
by PROG alarm.

Known or unknown lmk in SCT. If mark made on an
offset lmk (landing site), key V52E (after offset
mark) or use N7l in 9 to identify offset mark.

If only one mark made, it should not be identified
as offset landing site. If more than one mark made,
any mark may be used (and identified) as offset
landing site mark. If desirsble to terminate

lmk tracking without making marks, key V3LE or

V3TE XXE.

If more marks desired.

If sufficent marks made. At least one unrejected
mark must be mede before keying PRO. Otherwise, V51
reinstated. If desirable to terminate 1lmk tracking
without making marks, key V3LE or V3TE XXE.

(P22) ORBITAL

NAVIGATION
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STA/T STEP

PROCEDURE PAKREL

CMP

RejJect

MARK REJ pb - push 122
Repeat mrk proced

If 5 mrks made
FL V50 N25 2,140

00

Ac

016 (term mrks)

cept PRO

Reject MARK REJ pb - push 122

Repeat mrk proced

OPT ZERO - ZERO (=15 sec to zero)
OPT ZERO - OFF
OPT MODE - CMC

Exit

R53 & R52

9 FL V05 NT71 (lmk data) 2,140
R2 - lmk code ABCDE

HQW P

D
Reject

Accept

1 (known 1mk), 2 (unknown 1lmk)
Index of offset designator

Not used

Lmk ID

Vo2E

Load correct data in R2

PRO

If Ais 2 (or Ais 1 & DE = 01)
Go to 11

Poss OPR ERR
A =0or >, B>5 or DE # 00
or Ol

Rejects last (5th) mark.

If mark was made on an offset landing site, ensure
that B corresponds to mark. If no offset landing
mark made, ensure B = 0.

h.11.1.2

(P22) ORBITAL NAVIGATION
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STA/T STEP PROCEDURE

PANEL

96e-1

CMP 10 FL V06 N89 (1mk coord)

Lat (+N) XX . XXX DEG
Long/2 (+E) XX.XXX DEG
Alt XXX.XX NM

Reject V25E (load desired data)
Accept - PRO

Poss OPR ERR
Rl or R2 >90°

Recycle 10
11 FL V06 Nk9
AR XX.X NM
AV XXXX.X FPS
Accept - PRO
Reject V32E

E.0. - return to 6
or L.0O. - return to 5

12 FL V06 N89

Lat (+N) XX.XXX DEG
Long/2 (+E) XX.XXX DEG
Alt : XXX NM

Accept PRO (L.O. only)
Return to 5

2,140

If auto opties positioning was performed, this data
will be identical to N89 data loaded in 6.

Position vector change magnitude.
Velocity vector change magnitude.

If in earth orbit.
If in lunar orbit.

If offset landing site mark made and identified to
CMC, display is offset landing site coordinates.

Otherwise, display is coordinates of 1lmk on which
marks were taken.

Stores coordinates in CMC memory as landing site
(lmk ID 01). Previously stored landing site
coordinates erased.

(P22) ORBITAL

NAVIGATION
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STA/T STEP PROCEDURE PANEL REMARKS
CMP Reject V32E 2,140] Does not store coordinates.
E.0. - return to 6
or L.0O. - return to 5
13 Key V34E (to term P22) V3LE at any flashing display terminates P22.
FL V37 ROO.
Key XXE
14 Set opt cont
OPT ZERO -~ ZERO 122
OPT PWR - OFF 100
RETCL BRT tw - DIM 122

h.11.1.2

(p22)
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o
» | STA/T STEP PROCEDURE PANEL REMARKS
é‘?.
9 4.11.1.3 (P23) Cislunar Midcourse Navigation Accomplishes midcourse navigation by incorporating
g star/earth and star/moon optical measurements.
CMC - on (req), L4.8.1.3
- ISS - on & orient known (desired), Permits auto maneuver to tracking attitude and auto
= 4h.8.1.3 & L.1k optics positioning, if desired. Optics should be on
E“ for 15 minutes prior to marking.
e
o SCs - on (req), 4.8.4.2 Provides monitoring displays and alternate control
] capability.
o
RCS DAP - Load & activate (desired), Required if automatic attitude maneuver desired. For
Q 4.8.2.1 cislunar navigation, W-matrix should not be initial-
» ized to magnitudes >328 fps and 99,999 feet (N99
ga display).
:j Opt pwr up (req), 4.8.1.4
"
by 1 Sel Tot Att Disp, 4.7.2.5
2 Sel Att Cont mode, L4.T.1
CMP 3 Key V3TE 23E 2,140
(R57, Optics Calibration) Measures effect of solar radiation on SXT trunnion
angle and stores measured trunnion bias for P23,
- If IMU orient unknown
o RHC - mnvr to acq star in SXT FOV Select suitable star for use by Optics Calibration
% Routine, R5T.
Go to 8
or IMU orient known
Go to &
f -
i
W
0
©

(P23) CISLUNAR MIDCOURSE NAVIGATION
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STA/T STEP PROCEDURE

PANEL

L FL V50 N25
00015 (request auto mnvr, calib star)

cMpP

Accept PRO
Reject RHC ~ mnvr, acq star/lunar or
earth disc in SXT FOV
ENTR, go to 8

5 FL VO1 NTO

Star ID (calib) OOODE
Lmk code ABCDE
Horiz ID 00CDhOo

Reject Key V21E (load desired data)

Rl - 00 for planet
01-45 for star

Accept Red data
PRO

Poss OPR ERR
If 00 RL 51, go to. T

6 FL V06 N88 (planet only)
X, Y, 2 - XXXXX

Accept PRO

Reject Key V25E, load desired data

2,140

Select a suitable star/lunar or earth disc for use by
Optics Calibration Routine, RS57T.

Only Rl is of significance for R5T.

Target code negative of >50.

L.11.1.3
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STA/T STEP PROCEDURE

PANEL

REMARKS

aje(y oiseq

CMP

CDR

CMP

0L6T LTnp LT

CDR

ae(g @3ueyn

CMP

ad8eg

oo

(R60, Attitude Maneuver Routine)

7 FL V50 N18 (CMC auto request)
R, P, Y XXX .XX DEG

Accept SC CONT - CMC
CMC MODE - AUTO
PRO
Vo6 N18
R, P, Y XXX.XX DEG
Mon auto mnvr on FDAIT
Recycle T
Reject V62E
RHC - null FDAI err needles
Recycle T

or SC CONT - SCS (or CMC MODE -
# AUTO)
PRO (updates disp)
Recycle T

or ENTR (exit R60)
8 FL V59 (perform calib mrk)

Accept Ctr desired calib
feature or star in SXT
OPT ZERO - OFF
OPT SPEED - LO
OPT MODE -- MAN
OPT TELTRUN - SLAVE TO SXT
OPT COUPLING - DIR

2,1k0

2,140

2,1k0

122

Provides for maneuver (auto or manual) to attitude
calculated by vecpoint routine.

Required gimbal angles.

Static display until completion of auto maneuver and
then reverts to FL V50 N18.

Provides error needle reference for manual maneuver.

Recomputes desired attitude without performing auto
maneuver.

When attitude satisfactory.

(P23) CISLUNAR MIDCOURSE NAVIGATION
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STA/T STEP PROCEDURE PANEL REMARKS
CMP Superimpose SLOS & LLOS 122 | Trunnion bias angle is a function of angle between
MARK pb -~ push LLOS and sun and is a constant if sun is outside
Go to 9 cone +15 deg from LLOS.
Reject If IMU orient unknown If optics were calibrated with sun outsides cone
OPT MODE - HMAN defined in preceding remark and are used outside
ENTR 2,140 | cone during future marks, recalibration not necessary.
Go to 17 If sun is within cone, calibration should be
If IMU orient known performed each time through P23.
OPT MODE - CMC 122
ENTR 2,140 | PROG alarm (00404) may occur at this point.
Go to 10
9 FL V06 N87 Scaling of N87 is such that small negative angle
R2 - trun bias XX. XXX DEG will appear as positive angle approaching 90°.
(Actual angle equal to 90° minus displayed value.)
Accept If IMU orient unknown
OPT MODE - CMC 122
PRO, go to 17 2,140 | CMC stores calibration angle.
If IMU orient is unknown
PRO
Go to 17
Reject If IMU orient known, return

10 FL VO5 NTO
Star ID
Lmk code
Horiz ID

to b
If IMU orient unknown, return
to 8

OOODE
ABCDE
00CDhO

ReJect Key V25E (load desired data)

Either R2 or R3 should be 00000, but not both.

b.11.1.3

(P23) CISLUNAR MIDCOURSE NAVIGATION
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STA/T STEP PROCEDURE PANEL REMARKS
CMP Rl - 00 for planet 2,140 R1L OOODE Star or planet ID
01-45 for star
R2 - AB not used R2 00100 Star/EL
C 1 (earth 1mk), 2 (moon 1lmk) 00200  Star/LL
DE not used
or R2 - 00000 for horiz measurement
R3 - horiz ID R3 0010 Star/ENH
C 1 (earth horiz), 2 (moon horiz) 00120  Star/EFH
D 1 (near horiz), 2 (far horiz) 00210 Star/LNH
00220  Star/LFH

or

R3 - 00000 for lmk measurement

Accept. Rcd data
PRO
go to 11

or If sighting on planet/horiz,
go to 12

or If sighting on star/horiz, go
to 13

Poss OPR ERR
Rl <0 or >h5

or R2 (C) & R3 (CD) = 0
or R2 (C) & R3 (CD) =1 or 2
Either R2 or R3 must be

zero (but not both)

(P23) CISLUNAR MIDCOURSE NAVIGATION
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STA/T STEP PROCEDURE PANEL REMARKS
CMP or R2 (C) = 0 & R3 (C&D) # 1 2,140
or 2
Recycle 10
11 FL V06 N89 If planet or star and either earth or moon landmark
Lat (+N) XX.XXX DEG sighting.
Long/2 (+E) XX.XXX DEC
Alt XXX. XX WM Above Fischer ellipsoid for earth orbit, or above
mean lunar radius for lunar orbit.
Accept PRO

If planet not specified, go to 13
ReJect V25E (load desired data)

Poss OPR ERR
Rl or R2 >90°
Recycle 11

12 FL V06 N88 (planet only)

X, Y, Z « XXXXX

Accept PRO
Reject V25E (load desired data)

13 FL V50 N25
00202 (request 3-axis mnvr)

Accept PRO (3-axis mnvr), go to 1k
Reject ENTR (vecpoint mnvr), go to 1k

Optional 3-axis maneuver or vecpoint maneuver
available,

PRO or ENTR calls R60 to perform automatic maneuver.

Lh.11.1.3

THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM

(P23) CISLUNAR MIDCOURSE NAVIGATION

A009dNVH SNOILVYIdO OT10dV

NORMAL/BACKUP

(2)=0-II ¥OOTE-E0-VSHS




2je  Otseqgq

OL6T LInpe LT

ajeq 23uey)n

ageq

Hon—1

STA/T STEP PROCEDURE

PANEL

REMARKS

CMP 1k

CDR

CMP

CDR

(R60, Attitude Maneuver Routine)

FL V50 N18 (CMC auto request)
R, P, Y XXX.XX DEG

Accept SC CONT - CMC
CMC MODE - AUTO

PRO
Vo6 N18

R, P, Y XXX.XX DEG
Mon auto mnvr on FDAI
Recycle 1k

Reject V62E
RHC -~ null FDAI err needles

Recycle 1k
or SC CONT - SCS (or CMC MODE -~
# AUTO)
PRO (updates disp)
Recycle 1k

or ENTR (exit R60)

2,1ko0

2,140

2,140

(R52, Automatic Optics Positioning Routine)

Poss FL V05 NO9
ookolk (TA >90°)
Mnvr to reduce TA
PRO

or V3LE
FL V37
Key XXE

Provides for maneuver (auto or manual) to attitude
calculated by 3-axis or vecpoint routines.

Required gimbal angles.

Static display until completion of auto maneuver and
then reverts to FL V50 N18.

Provides error needle reference for manual maneuver.

Recomputes desired attitude without performing auto
maneuver.

When attitude satisfactory.

Points SLOS of optics at selected star.

ROO.

(P23) CISLUNAR MIDCOURSE NAVIGATION
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STA/T STEP PROCEDURE PANEL REMARKS
If TA >50° and <90° If TA >50° and <90°, trunnion driven to upper limit
CMP Mnvr to reduce TA (=49.7754°) and held at this angle.

15 V06 N92 (desired opt angles) 2,140] Optics will drive to acquire selected star or planet,
SA XXX.XX DEG
TA XX . XXX DEG

(R53, Sighting Mark Routine)

16 OPT MODE - MAN 122

17 FL V51 (please mrk) 2,140 2,140| If CMC aid in reacquiring lmk/horiz desired, key VOLE
Check star & lmk are in SXT FOV and place OPT MODE switch to CMC. V94 terminates R52
OPT COUPLING - RSLV 122} and R53, starts R60 going again, recalculates required
OPT SPEED - LO optics vector, reselects R52 and positions optics.
RHC - position lmk near ctr of SXT Voh usable only in P23 from R52 callup through R53 to

FOV mark accept (PRO in 18).

OHC - superimpose star & lmk images :
MARK pb - push

18 FL V50 N25 2,140
00016 (term mrks)
Accept PRO
Reject MARK REJ pb - push 122

Return to 17

19 FL V05 NT1 2,140 | Refer to 10 for codes.
Star ID OOODE
Imk code ABCDE
Horiz ID 00CDO

h.11.1.3 (P23) CISLUNAR MIDCOURSE NAVIGATION
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STA/T STEP PROCEDURE PANEL REMARKS
CMP Reject V25E 2,1ko0
Load desired data
Accept Rcd data
PRO

If sighting on planet/horiz
Go to 21

If sighting on star/horiz
Go to 22

Poss OPR ERR

Rl <0 or >ks5
or R2 (C) & R3 (CD) = O
or R2 (C) & R3 (CD) =1 or 2

Either R2 or R3 must be
zero (but not both)

or R2 (C) = 0 & R3 (C&D) # 1

20 FL V06 N89

Lat
Long/2
Alt

Accept

Reject

or 2
Recycle 19
XX .XXX DEG
XX. XXX DEG
XXX XX MM

PRO

If planet not specified,
go to 22

V25E

Load desired data

Altitude above Fischer ellipsoid for earth orbit, or

above mean lunar radius for lunar orbit.

(P23) CISLUNAR MIDCOURSE ﬁAVIGATION
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STA/T STEP PROCEDURE PANEL REMARKS
CMP Poss OPR ERR 2,1ko0
Rl or R2 >90°
Recycle 20
21 FL V06 N88 (planet only)
X, ¥, 2 16:0.0.6 ¢
Accept PRO
Reject V25E (load desired data)
22 FL V06 N9
AR XX .X MM Magnitude of position vector change.
AV XXX .X FPS Magnitude of velocity vector change.
Accept PRO Updates state vector.
ReJect Reselect V3TE 23E, return to 3 No state vector update if reject option selection.
or V32E (go to 23)
23 FL V37
Key XXE
2k  Key V93E (if necessary) If state vector update via P27 has not occurred.

25

Set opt cont
OPT ZERO - Zero
OPT PWR - OFF
RETCL BRT tw - DIM

122
100
122

Enables W-matrix initialization.

4.11.1.3

(P23) CISLUNAR MIDCOURSE NAVIGATION
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g STA/T STEP PROCEDURE PANEL REMARKS
2.
o h.,11.1.4 (p2L4) Rate Aided Optics e To locate and acquire 1lmk via auto optics
% ' positioning.
CMC - on (req), 4.8.1.3
. ISS ~ on & orient known (req), 4.8.1.3 e To track lmk using manual rate-aided optics
- & h.1h feature of R52.
ey SCS - on (req), u4.8.4.2
E} RCS DAP - load & activate (req), 4.8.2.1 e Obtain and downlink unlimited number of sighting
— Opt pwr up (req), 4.8.1.k marks of chosen lmk.
9 Sel Tot Att disp, L4.7.2.5
o Sel Att Cont mode, 4.7.1
Q 1 Key V3TE 2LE 140
®
- 2 Mnvr to sighting att Tracking may be facilitated by initiating pitch
® maneuver using V79 (PTC/orb rate) procedure.
g 3 FL V06 N89
o Lat (+N) XX.XXX DEG Lmk latitude.
Long/2 (+E) XX.XXX DEG Lmk longitude divided by 2.
Alt XX. XX WM Lmk altitude above Fischer ellipsoid for earth orbit,
or above mean lunar radius for lunar orbit.
Reject V25E
Load desired data
Accept OPT MODE - CMC
PRO
w
o Poss OPR ERR
Rl or R2 >90°
Recycle 3
f =
=
&

(P2Lk) RATE AIDED OPTICS
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STA/T STEP PROCEDURE PANEL REMARKS
(R52, Auto Optics Positioning)
CMP Poss FL V05 NO9 140}] PROG alarm light on.
ookol (TA >90°)
Mnv CSM until opt can
acq lmk
PRO PRO recomputes required optics angles.
or V34E (term prog)
FL V37 ROO.
Key XXE
If TA >50° & <90° If TA >50° and <90°, trunnion driven to upper limit
(=49.7754°) and held at this angle.
Mnvr to reduce TA Key V16 N92E for display of required optics angles
if not presently displayed.
L V06 N92 (new OCDU angles) No display if OPT MODE - MAN or if R52 reselected
after R53 called.
SA XXX.XX DEG
TA XX. XXX DEG
To mrk Selects R53 and enables rate-aided drive feature of
OPT MODE - MAN 1221 R52. To regain auto optics positioning, select OPT

MODE - CMC (prior to completion of R53). Having
regained auto optics, FL V51 remains; rate-aided
drive is disabled. However, marking process may be
continued.

b.11.1.4

(P2h) RATE AIDED OPTICS

THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM

AO0O9dNVH SNOILVIIdJO OT1T0dV

NORMAL/BACKUP

(2)=r-11 J3001d-£0~VZHS




oje(y olseq

0L6T ATnp LT

aje( a3ueyn

a3eg

0Th—%

STA/T STEP

PROCEDURE PAREL REMARKS
(R53, Sighting Mark)
CMP 5 FL V51 (please mrk) 1o

Ctr lmk in opt

MARK pb - push

Accept Repeat mrk proced

Reject MARK REJ pb - push

Recycle 5

Poss OPR ERR
00110 (no mrks made)

To term mrks
PRO

FL V37
Key XXE

6 Set opt cont
OPT ZERO - ZERO
OPT PWR - OFF
RETCL BRT tw - DIM

122

1ko

122
100
122

Lmk is centered by using OHC augmented by rate-aided
optics feature of R52.

Stores mark data in downlink area.
Number of marks unlimited.

Places complement of last mark's time register on
downlink.

If sufficient marks made. At least one unrejected
mark must be made before keying PRO. Otherwise, V51
reinstated. If desirable to terminate lmk tracking
without meking marks, key V3LE or V3TE XXE.

(pP24) RATE AIDED .OPTICS
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STA/T STEP PROCEDURE

PANEL

REMARKS

4.11.1.5 (v82) Orbit Parameter Display (R30)

CMC - on (req), 4.8.1.3

Provides crew with CMC computed orbital parameters.
Time from perigee/perilune (TF perigee) available
via N32 if Hp >49.4 NM (300,000 ft) for earth orbit

JOO0OHANVH SNOILVYEdJO OTT0dV

or >5.8 MM (35,000 ft) for lunar orbit. If POO or
P11 running, AR (miss distance) available via N50.
CMP 1 Key VB2E 2,140| V82 computations based on two-body conic equations
If ave G routine on, go to U and may give erroneous results during transearth/lunar
coasting. TFF display may be incorrect if return
trajectory is hyperbolic.
2 FL Vob N12
Option code 00002
CMC assumed option 0000X
(1 = CSM active
2 = IM active)
Accept PRO
RejJect V22E (load desired option)
3 FL V06 N16
GET event 00XXX. HRS Time for state vector integration. TFF and N32
000XX. MIN continue to be measured from present time rather than
0XX.XX SEC N16 input time. CMC sets time option initially to
zero, meaning present time.
Accept PRO
Reject Key V25E
Load desired time
h.11.1.5 (v82) ORBIT PARAMETER DISPLAY (R30)
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STA/T STEP PROCEDURE PANEL REMARKS

CMP 4 FL V16 Nuk 2,140| If average G on, display updates every 2 seconds.
Ha XX ™ Above launch pad radius for earth orbit or above
Hp XXX, X WM landing site radius for lunar orbit. Calculations

are subject to limitations of two-body approximation
and yield reasonable results if vehicle close to
earth or moon.

TFF XXBXX MIN-~SEC Time of free fall to 49.4 NM (300,000 feet) for earth
orbit, or 5.8 NM (35,000 feet) for lunar orbit. TFF
reads -59B59 if Hp >49.4/5.8 NM; under these condi-
tions, time from perigee/perilune available by keying
N32. 1If average G off and Hp <l9.4/5.8 NM, TFF
counts down. For N32, if average G off and Hp
>49.4/5.8 NM, time from perigee/perilune counts down.

Accept PRO
Reject V32E Recalculates orbital parameters. (Valid only if
Recycle to 3 average G off.)

(v82) ORBIT PARAMETER DISPLAY (rR30)
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» | STA/T STEP PROCEDURE PANEL REMARKS
({’.”.
% 4.11.2 RENDEZVOUS NAVIGATION
o
o
4.11.2.1 (P20) CSM Rendezvous Navigation Purpose :
]
q,l
- ¢ Control CSM attitude and optics to acquire LM in
E SXT FOV and to point CSM transponder at LM or to
< control CSM attitude to acquire IM along CSM +X %
§ axis depending on option selected by crew. o
o -
e To update either IM or CSM state vector depending oy -
a on crew selection. Update is based on optical © =
oy tracking or VHF ranging data. ol
3 s
B ]
0 The uplink activity light indicates R61l requesting E z
g an automatic maneuver during rendezvous. A S
n 4
o For rendezvous navigation W-matrix should not be % 5
initialized to magnitudes >328 fps and 51,647 feet v+
(N99 display). %.
CMC - on (req), 4.8.1.3 EG
ISS - on & orient known (req), Z -
4.8.1.3 & b.1k =
SCS - on (desired), 4.8.4.2 Provides total attitude and rate monitoring. o)
Opt pwr up (req), 4.8.1.4 Not required for VHF update. %
g VHF AM ranging mode sel (req), 4.5.6.6 Not required for optical update.
2 |CoR CMC ATT - IMU (verify) 1
o LOGIC 2/3 PWR - on (up) (if no SCS) 7 | Required for control and display functions.
Key V93E (if necessary) 2,140 | If hour or more has elapsed since W-matrix
initialization or if state vector has not been
updated via P27T.
&
1
=
]
W

h.11.2.1 (P20) CSM RENDEZVOUS NAVIGATION
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STA/T STEP

PROCEDURE PANEL REMARKS
1 Sel Tot Att disp, 4.7.2.5
2 Sel Att Cont mode, 4.7.1
CMP 3 Key V3TE 20E 2,140 | Selection of P20 sutomatically selects preferred

Poss PROG alarm (4.8.1.16)

(R60, Attitude Maneuver Routine)

(If UPLINK ACTY 1t on
Key VS8E)

tracking attitude option and IM state vector update
option. Crew may exercise control of these options
through use of the following extended verbs.

VT6E - Selects preferred tracking attitude.

VTTE -~ Selects +X axis tracking attitude.

VBOE - Selects IM state vector update.

VB1E - Selects CSM state vector update.

V8TE - Allow R22 to accept VHF range data.

V8BE - Inhibit acceptance of VHF range data.
RO2.

Provides for maneuver (auto or manual) to attitude
specified by option selected. R60 called only if
maneuver >10° (in any axis) required. Otherwise
maneuver performed by R61.

Must key VS8E in order to get R60 (V50 N18), except
for initial entry to P20. R61l resets V50 N18 flag;

V58E sets flag to allow R60 if subsequent auto
maneuver >10° required.

(P20) CSM RENDEZVOUS NAVIGATION
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STA/T STEP

PROCEDURE PANEL

REMARKS

CMP 4 Poss FL V50 N18 (auto mnvr request) 2,140

(2 sec priority) If req GMBL angle
change >10°

DAP will point preferred or X-axis at LM but will not
constrain roll about tracking axis. If required
maneuver <10°, maneuver performed by R61.

R, P, Y XX.XX DEG Required gimbal angles.
CDR Accept SC CONT - CMC 1
CMC MODE - AUTO
cMP PRO 2,140] This may be performed second time as attitude trim.
V06 N18 Priority display. At completion of maneuver, display
R, P, Y XX.XX DEG will revert to FL V50 N18.
Mon auto mnvr on FDAI
Reject Key V62E Provides reference for manual maneuver.
RHC - null FDAI err needles
Recycle 4
CDR or SC CONT - SCS (or CMC mode # 1) To update display without performing maneuver.
auto)
CMP PRO 2,1k0
Recycle 4
When att satisfactory
ENTR Terminates Attitude Maneuver Routine, R60. (Routine
R61 will continue to compute and maintain selected
attitude (option) as long as SC control CMC AUTO
and RHC not moved out of detent.) UPLINK ACTY
light will be 1lit if V50 N18 flag not set and
tracking angles >10 degrees.
h,11.2.1 (P20) CSM RENDEZVOUS NAVIGATION
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STA/T STEP PROCEDURE PANEL REMARKS
CMP a. If opt sighting mrks desired,
go to 5
or b. If BU opt (COAS) sighting mrks
desired, go to 8
or c¢. If VHF ranging data update
desired,
Key V8TE 2,1k0
Go to 11
(R52, Automatic Optics Positioning)
5 OPT ZERO - OFF 122
OPT MODE ~ CMC
If TA >50° If TA >50°, trunnion driven to upper limit (=49.T754°)
and held at this angle.
a. RHC - man mnvr to selected Key V16 N22 for desired gimbal angles.
tracking att Key V16 N92 for desired optics angles.
CDR or b, SC CONT - CMC 1
CMC MODE - AUTO
Key VS8E if RHC moved from detent 2,140
(R21, Rendezvous Tracking Sighting Mark Routine) To perform sighting marks on IM.
6 Key VSTE

(P20) CSM RENDEZVOUS NAVIGATION
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STA/T STEP

PROCEDURE PANEL
CMP 7 FL VS1 N45 (please mrk) 2,140
Mrks (VHF/opt) XXBXX MKS
TF GETI (next burn) XXBXX MIN-SEC
MGA (next burn) XXX.XX DEG
OPT MODE - MAN 122
OHC - ctr IM in SXT
MARK pb - push
Accept Repeat mrk proced
or PRO 2,1ko0
OPT MODE - CMC 122
Go to 11

Reject MARK REJ pb - push
Repeat mrk proced

Number of marks processed by R22. Two most signifi-
cant digits display VHF ranging marks. Two least
significant digits display optics marks [either SXT
or backup optics (COAS) marks]. Optics mark counter
does not distinguish between backup and primary
marks.

Constraint - R2 cannot be >59B59 at this point. If
TF GETI >59 min 59 sec, display is limited. N35 may
be used to get full time to ignition.

MGA displayed as -00002 at this point if IMU not on
and orientation known (REFSMMAT flag reset). Other-
wise, MGA at GETI displayed if CSM +X axis aligned
with initial thrust direction.

If more marks desired.

If sufficient marks have been made. To ensure
processing of last mark, wait 15 seconds before
proceeding. This allows for previous mark to be
processed. If PRO done too soon, one of last two
marks may be ignored.

h.11.2.1

20)

(P20
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STA/T STEP PROCEDURE PANEL

REMARKS

(R23, Backup Rendezvous Tracking Sighting Mark Routine)

CMP 8 Key VSLE 2,140

9 FL V06 N9L

SA XXX.XX DEG
TA X. XXX DEG
Accept PRO

Reject Key V2LE
Load desired data

10 FL V53 N5 (request alt LOS mrk)
Mrks (VHF/opt) XXBXX MKS

TF GETI (next burn) XXBXX MIN-SEC

MGA (next burn)

XXX.XX DEG

RHC - Align IM in COAS
ENTR

To perform sighting marks on IM using backup optics
(coas). \

SA - Shaft asngle (nominal = 00000).
TA - Trunnion angle (nominal = 5TL470).

Number of marks processed by R22. Two most signifi-
cant digits display VHF ranging marks. Two least
significant digits display optics marks [either SXT
or backup optics (COAS) marks]. Optics mark counter
does not distinguish between backup and primary marks.

Ir
N35 may

Constraint - R2 cannot be >59B59 at this point.
TF GETI >59 min 59 sec, display is limited.

L be used to get full time to ignition.

MGA displayed as -00002 at this point if IMU not on
and orientation known (REFSMMAT flag reset). Other-
wise, MGA at GETI displayed if CSM +X axis aligned
with initial thrust direction.

Alternate 10S mark.

(P20) CSM RENDEAVOUS NAVIGATION

THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM

MOOHANVH SNOILVYEJO OTTIO0dV

(2)=r=II AD0TE-E0-VSKS



aje(y doiseg

aje(g 98ueyn

a8edq

6TH—%

STA/T STEP

PROCEDURE PANEL

0L6T &Tnp LT

CcMP

Accept Repeat mrk proced

or PRO 2,140

Reject V86E
Repeat mrk proced

(R22, Rendezvous Tracking Data Processing Routine)

11 Poss FL V06 N49 (2 sec priority)

AR XXX.X NM
AV XXXX.X FPS
Source code 0000X.

Wait 2 sec

Accept PRO

Reject Key V32E

If more marks desired.

If sufficient marks have been made. To ensure
processing of last mark, wait 15 seconds before
proceeding. This allows for previous marks to be
processed. If PRO done too soon, one of the last
two marks may be ignored.

Rejects previous mark.

Excessive update parameters. To change AR and AV
threshold values, refer to 4.8.1.10.

00001 = Optics (CMC does not differentiate between
SXT and COAS marks).
00002 = VHF ranging.

Priority display. Will not respond to DSKY input
until after 2 seconds.

Incorporates update data.

Does not incorporate update data. (V32E will erase

mark data from positions 1, 2, and 3 if R3 = 00001.)

4.11.2.1

{P20) CSM RENDEZVOUS NAVIGATION
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STA/T STEP PROCEDURE PANEL REMARKS
CMP 12 To term P20 & all other prog running
Key V3TE OOE 2,1k0
or To term P20 only
Key VS6E If V56 keyed in during computation in P34/P35,
these computations will be restarted from beginning.
Poss FL V37 FL V3T only if no other program active.
Key XXE
13 Set opt cont
OPT ZERO - ZERO 122
OPT PWR - OFF 100
RETCL BRT tw - DIM 122

(P20) CSM RENDEZVOUS NAVIGATION
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STA/T STEP PROCEDURE PANEL

4.11.2.2 (V83) Rendezvous Parameter Display

#1 (R31)

CMC - on (req), 4.8.1.3

ISS - on & orient known (req), 4.8.1.3
& L.1h

Key V83E 2,140

Poss OPR ERR

2 FL V16 N5k

Range XX. XX ™M

Range rate XXXX.X FPS

Theta (lcl horiz/ XXX.XX DEG
CSM +X)

PRO

Return to prog in progress

Displays CMC calculated rendezvous parameters (range,
range rate, and theta).

Required for meaningful display of theta.

If another extended verb active.

Display updated at 2-second intervals.
Range and
Range and
at ranges
schedules
Once this
caused by
reflected

rate based on stored state vectors.
range rate displays may degrade considerably
below =0.3 to 0.5 NM depending on marking
and resultant CMC navigation accuracy.
routine has started, changes to state vector
optics mark or VHF sample will not be

in displayed parameters.

range

(-) range rate indicates closing. This calculation
not sufficiently accurate for reliable terminal
closing values. It should not be utilized without
good visual cues.

Theta - Angle included between +Xsc axis and loeal
horizontal. Angle in range 0° to 180° indicates +Xsc
axis is above local horizontal plane. Total range:
0° to 360°.

h.11.2.2

(v83) RENDEEVOUS PARAMETER DISP
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STA/T STEP PROCEDURE

PANEL

REMARKS

k.11,2,3 (V85) Rendezvous Parameter Display

#2 (R34)
(M - on (req), 4.8.1.3
ISS - on & orient known (req), 4.8.1.3
& L.1h
Opt pwr up (req), 4.8.1.4

CMP 1 Key V8SE

Poss OPR ERR

2 FL V16 N53

Range XXX. XX NM
Range rate XXX.X FPS

Phi (lcl horiz/ XXX .XX DEG
SLOS)

PRO
Return to prog in progress

2,1k0

Displays CMC calculated rendezvous parameters (ra.nge,
range rate, and phi).

Required for meaningful display of phi.

Required for meaningful display of phi.

If another extended verb active.
Display updated at 2-second intervals.

Range and range rate computed based on stored IM

and CSM state vectors. (-) range rate indicates
closing. Range and range rate displays may degrade
considerably at ranges below =~0.3 to 0.5 NM depending
on marking schedules and resultant CMC navigation
accuracy. Once this routine has started, changes

to state vector caused by opties mark or VHF sample
will not be reflected in displayed parameters.

Phi - Angle included between optics starline of
sight and a local horizontal. Angle in range 0° to
180° indicates SLOS is above local horizontal plane.
Total range: 0° to 360°.

JIO0H9ANVH SNOILVYIdO OT1I0dV
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STA/T STEP PRCCEDURE PANEL REMARKS
h.11.2.% (V90) Rendezvous Out of Plane Display Displays CMC calculated rendezvous out-of-plane
(R36) parameters (Y, Ydot, Psi) for vehicles selected in 2.
CMC - on (req), 4.8.1.3
O 1 Key V9OE 2,140
Poss OPR ERR If another extended verb active.
2 FL Voh N12
Option code 00002.
CMC assumed option 0000X.
(1 = CSM active;
2 = IM active)
Accept PRO
Reject V22E (load desired optiom)
3 FL V06 R16 :

GET event 00XXX. HRS GET for which out-of-plane parameters desired. N16
initialized to TIG(N33) before this display, and
after recycle. (Present time indicated by all zeros.)

000XX. MIN
0XX.XX SEC

Accept PRO

Reject Key V25E

Load desired GET event
h.11.2.4
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PANEL

STA/T STEP PROCEDURE REMARKS
CMP L4 FL V06 N90 (rndz out of plane param) 2,140

Y XXX. XX NM Y - Distance along V x R of passive vehicle.

Ydot XXX.X FPS Ydot = Rate of change of Y. +, increasing;
-, decreasing.

Psi XXX.XX DEG Psi -~ Angle between active vehicle orbital plane
and LOS to passive vehicle projJected into horizontal
plane. Range: 0° to 360°.

Accept PRO

Exit R36
Reject Key V32E To obtain additional data point.
Return to 3 (adjust GET
event )

(V90) RENDEZVOUS OUT OF PLANE DISPLAY (R36)
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STA/T STEP PROCEDURE PANEL REMARKS
4.11.2.5 (v89) Rendezvous Final Attitude (R63) Calculates final gimbal angles required to point
either CSM +X axis or preferred tracking axis at IM.
CMC ~ on (req), 4.8.1.3 Provides auto maneuver to selected attitude by calling
ISS -~ on & orient known (req), 4.8.1.3 R60. ;
& b.1k
SCS - on (desired), 4.8.4.2
RCS DAP - load & activate (req), 4.8.2.1
CMP 1 Key V3TE OOE 2,140 | R63 may be selected from POO only.

2 Sel ISS Tot Att Disp, 4.7.2.5 Both FDAIs recommended so that either reference
system (IMU or GDC) may be monitored. (CMC
attitude error and rate display available.)

3 Key V89E

Poss PROG alarm (4.8.1.16) RO2.

L FL Vo4 NO6

Option code 00003

CMC assumed option 0000X

(00001 ~ Pref; 00002 - +X axis)
Accept PRO
RejJect Key V22E
Load desired option

5 FL V06 N18 (computed GMBL angles)

R, P, Y XXX.XX DEG Computed required gimbal angles at selected tracking
attitude (preferred or +X axis) if present IMU
orientation maintained.

Accept PRO

Reject Key V32E (to update disp)

or Key V34E (to term routine)

h.11.2.5

(v89) RENDEZVOUS FINAL ATTITUDE (R63)
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STA/T STEP PROCEDURE PANEL REMARKS
(R60, Attitude Maneuver Routine) Provides maneuver (automatic or manual) to attitude
’ selected in kL,
CMP 6 FL V50 N18 (CMC auto request) 2,1k0
R, P, Y XX.XX DEG Required gimbal angles.
CDR Accept SC CONT - CMC 1
CMC MODE - AUTO
CMP PRO 2,140
Go to T
Reject Key V62E Provides reference for manual maneuver.
RHC - null FDAI err needles
CDR or SC CONT -~ SCs 1] Recomputes desired attitude without performing auto
(or CMC MODE # AUTO) maneuver.
CMP PRO (to update disp) 2,140
Recycle 6
or ENTR Terminates R60.
Exit R60

7 V06 N18 (auto mnvr)
R, P, Y XXX.XX DEG

Mon auto mnvr on FDAI
Return to 6

(V89) RERDEZVOUS FINAL ATTITUDE (R63)
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STA/T STEP PROCEDURE

PANEL REMARKS

4.,11.2.6 (P76) TARGET DELTA V

CMC - on (req), 4.8.1.3

CMP 1 Key V3TE T6E

2 FL V06 N33

GETI 00XXX. HRS
000XX. MIN
OXX.XX SEC
Accept PRO

Reject Key V25E
Load desired GETI

3 FL Vo6 N8k
AVX, Y, 2 (IM 1lcl XXX.X FPS
vert )

Accept PRO
Reject Key V25E
Load desired data

L FL v37
Key XXE

Provides IM maneuver parameters to CMC for updating
CMC knowledge of IM state vector.

P76 may be performed concurrently with P20. If P20
operating, discontinue marking and ensure data
incorporation complete in P20 by reviewing N45 mark
counters prior to P76 state vector changes. If P76
completed prior to IM burn, delay P20 state vector
updates until after IM maneuver executed.

2,140

CMC updates IM state vector and zeros mark counters.-

ROO.

4.11.2.6
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STA/T STEP

PROCEDURE

PANEL

k.12

PRETHRUSTING

4,12,1 ORBIT CHANGE PRETHRUSTING

4,12.1.1 (P30) External Delta V Prethrusting

CMC - on (req), 4.8.1.3
ISS ~ on & orient known (desired),
4L.8.1.3 & b.1b

CMP 1 Key V3TE 30E

2 FL V06 N33

GETI, stored

O0XXX. HRS
OCOXX. MIN
OXX.XX SEC

Accept Rcd GETI

PRO

Reject V2S5E, load desired GETI

3 FL V06 N81 (AV compnts)

AVX, Y, Z (1
at GETI)

cl vert XXXX.X FPS

2,1ho

If P37 Return to Earth Program desired, go to
h.12.1.2. _

Accepts targeting parameters from sources external to
CMC and computes, therefrom, required velocity anad
other initiasl conditions required by CMC for execution
of AV maneuver. Targeting parameters include time of
ignition (TIG) and impulsive AV along CSM local
vertical axes at TIG. P30 displays, to flight crew
and MSFN, certaln specific dependent variables associ-
ated with desired maneuver for approval by flight
crew/MSFN.

ISS must be on and its orientation known to obtain
middle gimbal display (step 5).

At this point, P30 sets TRACK and UPDATE flags.

Stored AV components along local vertical axes at
GETI. If P30 for estimating perilune, load K81:
+00000
+00010
+00000

h.12.1.1

(P30) EXTERNAL DELTA V PRETHRUSTING
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STA/T STEP PROCEDURE

PANEL

REMARKS

CMP Accept PRO

ReJect V25E, load desired data

L FL V06 Nk2 (calculated thrust parameters)

Ha XXXX.X WM
Hp XXXX.X NM
AV (req) XXXX.X FPS

Coord parameters with MSFN
(if available)

Accept PRO
Reject Reselect P30 or P27
Load new parameters

5 FL V16 NL5

Mrks (VHF/opt) XXBXX MKS

-59:59 TF GETI (next burn) X¥XBXX MIN-SEC

MGA (next burn) XXX.XX DEG

2,140

PRO option resets UPDATE flag and sets external AV
flag.

Altitudes above launch pad radius if earth orbit or
above lunar radius at most recently defined landing
site. Measurements limited to 9999.9 NM. Calculated
Ha and Hp in P30 considerably in error for long burns
and should be ignored because parameters computed
(assuming an impulsive AV) at time of ignition along
CSM local vertical axis. AV magnitude of impulsive
AV vector at GETI.

Rumber of marks processed by R22. Two most signifi-
cant digits display VHF renging marks. Twc least

significant digits display optics marks [either SXT
or backup optics (COAS) marks]. Optics mark counter

does not- distinguish between backup and primary marks.

R2 cannot be >59B59 at this point. If
For full

Constraint:
TF GETI >59 min 59 sec, display limited.
time to ignition display, use N35.

MGA displayed as -00002 at this point if IMU not on
and orientation known (REFSMMAT flag reset). Other-
wise, MGA at GETI displayed if CSM +X axis aligned
with initial thrust direction.

(P30) EXTERNAL DELTA V PRETHRUSTING
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STA/T STEP PROCEDURE PANEL REMARKS
CMP Rcd values
PRO 2,1k0
Align GDC to IMU, L.8.4.6
6 FL V37 If average G on, ROO turns off average G, and zeros
Key XXE rendezvous mark and VHF ranging mark counters.
Otherwise, counters not zeroed. ROO also sets or
resets RNDZ, TRACK, and UPDATE flags, depending on
which programs in progress or called. ROO may
recycle into P20 under certain conditions.
Go to

or

or

or

(P40) G&N/SPS Thrusting, 4.13.2.1

(P41) G&N/SM RCS Thrusting, L4.13.2.2

SCS Thrusting, %.13.3

(P52) IMU Realign, k4.1k4.1.2

IMU realign should be selected if MGA unsatisfactory
in step 5.

MOOHANVH SNOILVIEIdO OT110dV
(2)-r-II I00Td-£0-V2CKHS
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(P30) EXTERNAL DELTA V PRETHRUSTING
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g'j STA/T STEP PROCEDURE PANEL REMARKS
o
[¢]
g 4.,12.1.2 (P37) Return to Earth Program Computes return-to-earth trajectory for CSM from
® outside lunar sphere of influence at TIG. P37
i computes and displays preliminary series of
o parameters based on conic trajectory and crew-
-3 specified time of ignition, maximum change in
& velocity, and entry angle. Upon acceptance, P37
E‘ computes and stores target parameters for use by PhO
— or Pil. P37 not restart protected and must be
3 reselected if a restart occurs. P37 assumes no
o MSFN contact required.
Q Provides two modes of operation: fuel critical
5 and nonfuel critical. Nonfuel critical mode can
ng be used to move landing site by adjusting maximm
o change in velocity.
o CMC - on (req), 4.8.1.3
s ISS - on & orient known (desired), Desired to provide MGA display (step 10).
® 4.8.1.3 & k.1b

SCS - on (desired), 4.8.4.2

DAP Data Load - complete (req), 4.8.2.1

(P30) External AV Prethrusting (if

desired), 4.12.1.1
CMP 1 Key V3TE 37E 2
;‘;‘3 2 FL V06 N33 (GETI) Ground elapsed time of ignition.
@ 00XXX. HRS
000XX. MIKN
0XX.XX SEC
Accept Recd GETI
FRO

i ! Reject V25E, load desired values
W
N

(P37) RETURN TO EARTH PROGRAM
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g STA/T STEP PROCEDURE PANEL REMARKS
=
F, CMP 3 FL V06 N60 21 R2 and R3 initially 00000.
a Blank
V Pred XXXX. FPS Maximum allowable change in velocity. To compute
H fuel critical trajectory, zeros should be loaded in
., R2. If slowdown desired, load negative value.
E' Gamma EI XXX .XX DEG Flight path angle between inertial velocity vector
[ and local horizontal at entry interface altitude,
3 65.8 WM (400,000 feet). Minus indicates flight
path below horizontal plane. If zero~loaded in R3,
computation solved to hit center of entry corridor.
Q Otherwise, computation solved to hit angle entered.
[
u?: . Accept Recd R2 value Record R2 for subsequent use. Both input scaler
® PRO (desired AV) and output scaler (entry velocity) use
E VPRED register of N60. Therefore, original AV
Py input no longer in N60. R2 of N56 contains
magnitude of original input.
Reject V22E, V23E, or V25E
Load desired values
Poss PROG alarm (comp problem)
FL V05 NO9
00605 (solution does not
- converge; excessive
® iterations)
o 00612 (state vector in
wrong sphere of
influence)
V32E
RSET, return to 2
f’
&=
W

JOOHANVH SNOILVYIJO OT10dV
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STA/T STEP PROCEDURE PAREL REMARKS
CMP or FL V37 2
Key V05 NO9E (to verify
alarm)

20607 (no solution
from time theta or
time radius routine)

20610 (state vector at
TIG <L0OOK feet)

KEY REL
37E, return to 2

4 FL V06 N61 (entry data)
Impact Lat (+N)
Impact Long (+E)
Blank

XX.XX DEG
XXX.XX DEG

Accept Red values
PRO
RejJect V32E, return to 2

5 FL V06 N39
AT Trans 00XXX. HRS
000XX. MIN
OXX.XX SEC

Accept Recd values
PRO
Reject V32E, return to 2

6 FL V06 N60

Blank
V Pred XXXXX. FPS
Gamma EI XX.XX DEG

Time required for transfer from GETI to time of
entry at 65.8 NM (400,000 ft) above Fischer
ellipsoid.

(P37) RETURN TO EARTH PROGRAM
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STA/T STEP PROCEDURE PANEL

CMP Accept Rcd values
PRO 2
Reject V32E, return to 2

T FL V06 N81 (AV compnts)

AVX, Y, Z (lcl vert XXXX.X FPS
at GETI)
Crew option
Key NLOE
TF GETI XXBXX MIN-SEC
VG XXXX.X FPS
AV (accum) XXXX.X FPS

Red VG (lel vert vel to be gained)
KEY REL

Accept Rcd N81 values
PRO
If first pass, recycle to k

Poss PROG alarm (comp problem)
FL V05 NO9
00605 (solution does not
converge; excessive
iterations)
00613 (re-entry angle
out of limits)

Key V32E, return to 2

h.12.1.2 (P37) RETURN TO EARTH PROGRAM

THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM

ACOHANVH SNOILVIHEJO OTT0d4dV

(2)=r-1I JO0TI-E0-VSHS




Rp—

oje(y o1seg

0L6T 4LTnp LT

aje( afueyn

o8eg

gen—H

STA/T STEP PROCEDURE

FAREL

CMP 8 FL VOk N0O6 (propul code)
00007 (option code)

0000X {(“MC assumed option)

CMC initially sets 00001l in R2 to indicate data

Blank intended for SPS thrust (P40). 00002 indicates RCS
(Pk1l). DAP Data Load should be complete before PRO.
Accept PRO
Go to 9
Reject V22E, load desired option
Recycle 8
9 FL V06 N33
GETI 00XXX. HRS
000XX. MIN
OXX.XX SEC
Red dats
PRO External AV flag reset at this point.
N
10 FL V16 Ni5 (mnvr data)
Mrks (VHF/opt) XXBXX MKS Marks (VHF/optics) not meaningful to this program.
TF GETIL XXBXX MIN-SEC
MGA XXX.XX DEG MGA (+) at TIG if CSM +X axis sligned with initial
If IMU not aligned thrust direction.
R3 -00002
PRO
11 FL V3T | If average G on, ROO turns off average G and zeros
Key XXE rendezvous mark and VHF ranging mark counters.
Otherwise, counters not zeroed. ROO also sets or
resets RNDZ, TRACK and UPDATE flags, depending on
which programs in progress or called. ROO may
recycle into P20 under certain conditions.
Go to Thrusting, L4.13

(P37) RETURN TO EARTH PROGRAM
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STA/T STEP

PROCEDURE

PAREL

h,12.2.1

4,12.2 RENDEZVOUS PRETHRUSTING

(P32/P72) Co-elliptic Sequence

Initiation

P32 Co-elliptic Sequence Initiation (CSM active) or
P72 Co-elliptic Sequence Initiation Targeting (1M
active) calculates parameters associated with CSI and
with either P33 or PT3 Constant Delta Altitude (CDH)
AV Maneuvers.

Successful completion dependent upon assumptions:

a. Prescribed angle (E) exists at selected GETI
(TPI).

b. GETI (CDH) -GETI (CSI), and GETI (TPI) -GETI
(CcDH), each >10 minutes.

c. CSI burn parallel to passive vehicle orbital
plane (crew may modify), impulsive, and in
active vehicle horizontal plane.

d. CDH maneuver minimizes AH variations and
resulting Hp >85 for EO or >5.8 NM for LO.

e. Computed variables may be stored for later
MSFN verification.

P32 or P72 may be performed concurrently with P20.
If P20 operating, optic sighting marks on LM may be
initiated by keying VSTE (R21) or VSLE (R23) and
referring to 4,11.2.1, steps 5-T or 8-10, respec-
tively. Also if P20 operating, VHF ranging data
state vector update may be initiated by configuring
for VHF AM Ranging Mode, L.5.6.6, and keying V8TE.

MOO9IANVH SNOILVIEJO 071104V

Keying V3UE terminates P32 or P72 at any flashing
display.

4.12.2.1

(P32/P72) CO-ELLIPTIC SEQUENCE IN1TIATION
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STA/T STEP PROCEDURE

PAREL

CMC - on (req), 4.8.1.3
ISS - on & orient known (desired),
4h.8.1.3 & k.2

CMP 1 Key V3TE 32E/T72E

2 FL V06 N1l

GETI (CSI) 00XXX. HRS
000XX. MIN
OXX.XX SEC
Accept Rcd GETI (CSI)
PRO
Reject Key V25E
Load desired GETI (CSI)
3 FL V06 N55
N 0000X
E IXX.XX DEG
CENTANG 00000

2,1ko0

Required if P20 running and automatic state vector
update desired and, if P32, for meaningful MGA Go.aplay
during final NU5 display (step 8).

Future active vehicle apsidal crossing (perilune or
apolune). Should load to define future crossing at
which CDH maneuver should occur; e.g., 00001 = first,
00002 = second, etc.

Elevation angle at GETI (TPI).

Initially 00000 (except for recycle from step 5) and
used by CMC as an option code. If any nonzero value
loaded in R3, CMC calculates CDH parameters for GETT
(CDH) at N (180°) from CSI maneuver where N specified
by value set in R1. :

JMOOHAdNVH SNOILVYIAJO OT1T0dV
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STA/T STEP PROCEDURE

PAREL

CMP Accept Red data

PRO
Reject Key V25E
Load desired data

L FL V06 N37

GETI (TPI) 00XXX. HRS
000XX. MIN
OXX.XX SEC
Accept Red GETI (TPI)
PRO
Go to 8

Reject Key V25E
Load desired GETI (TPI)

5 CMC Computes CSI & CDH parameters

Poss FL V05 NO9

00600 no solution of LOS
at TPI

00601 post CSI Hp <5.8 WM
(<85 WM for EO)

00602 post CDH Hp <5.8 WM
(<85 WM for EO)

00603 CDH -CSI <10 min

00604 TPI -CDH <10 min

2,140

or Computed GETI (CDH) >input

GETI (TPI) in step L

00605 no solution & CMC
iterations >15

h,12.2.1 (P32/P72) CO-ELLIPTIC SEQUENCE INITIATION
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STA/T STEP PROCEDURE PANEL REMARKS
CMP 00606 CSI AV >1000 fps 2,140
(for two consecutive
iterations)
Key V32E
Return to 2 To adjust input parameters.
FL V06 NT5 Maximum reading (displayed) in R2 and R3 is 59B59,
A A1t (CDH) XXXX.X NM Only minutes and seconds displayed although time
AT (CDH -CSI) XXBXX MIN-SEC computation done in hours, minutes, and seconds.
AT (TPI -CDH) XXBXX MIN-SEC Computed CDH and TPI times can be determined by
Rcd values calling N13 and N37, respectively.
PRO
6 FL V06 N81 CMC calculated components of AV (in local vertical
AVX, Y, Z (lcl vert) XXXX.X FPS coordinates) for CSI.
Accept Rcd velues
PRO
Reject Key V25E To modify AV (local vertical) to correct for out of

Load desired values

T FL V06 N82

AVX, Y, Z (lcl vert) XXXX.X FPS
Red values
PRO
8 FL V16 NhS
Mrks XXBXX MKS

planeness, key VOOE (R36). Use data obtained from
R36 to determine desired AV (local vertical).
Modification will not impact N82 of step T.

CDH velocity components based on original CSI values
of step 6, and cannot be written over.

Number of marks processed by R22, Two most signifi-
cant digits display VHF ranging marks. Two least
significant digits display optics marks [either SXT
or backup optics (COAS) marks].

(P32/P72) CO-ELLIPTIC

[l

SEQUENCE INITIATION

v - a2 S
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STA/T STEP PROCEDURE PANEL REMARKS
CMP TF GETI (CSI) XXBXX MIN-SEC 2,140 | Time from CSI ignition. Maximum reading is S9BS9.
-, before; +, after.
MGA

Or IMU ALIGNED & P32

To continue mrk process
Key V32E
Return to 5

or To term mrk process & do
thru prog
PRO
Return to 5

or After fnl pass thru prog
PRO

9 FL V37
Key XXE

-0000X -00001 for other than final pass.
-00002 for final pass (and IMU not aligned if P32).

+XXX.XX DEG Middle gimbal angle (yaw):
+XXX.XX DEG for final pass and IMU sligned (if +X
axis aligned to initial thrust direction).

fnl pass

ROO.

MOOEANVH SNOILVYEIdO 0OT110dV
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STA/T STEP PROCEDURE

PANEL

REMARKS

CMP

4.12.2.2 (P33/P73) Constant Delta Altitude

CMC - on (req), 4.8.1.3
ISS - on & orient known (desired),
4.8.1.3 & b.1b

If P33 - P32 (complete), 4.12.2.1
If PT3 - P72 (complete), k4.12.2.1

1 Key V3TE 33E/73E

2 FL V06 N13
GETI (CDH) 00XXX. HRS
000XX. MIN
0XX.XX SEC

2,1k0

P33 Constant Delta Altitude (CSM active) or P73 IM
Constant Delta Altitude Targeting (LM active) computes
parameters associated with CDH maneuver. Successful
completion dependent upon prior completion of P32 for
P33, or P72 for PT3.

P33 or P73 may be performed concurrently with P20. _
If P20 operating, optic sighting marks on IM may be
initiated by keying V5TE (R21) or VSLE (R23) and
referring to 4.11.2.1, steps 5-7 or 8-10, respec-
tively. Also if P20 operating, VHF ranging data state
vector update may be initiated by configuring for VHF
AM Ranging Mode, 4.5.6.6, and keying V8TE.

Keying V3LE terminates P33 or P73 at any flashing
display.

Required if P20 running and asutomatic state vector
desired and, if P33, for meaningful MGA display
during final Nb5 display in step 5.

P33 or P73 computations based upon GETI (TPI), and

‘elevation angle (E) defined in P32 or PT2.

(P33/P73) CONSTANT DELTA ALTITUDE

R
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STA/T STEP PROCEDURE PANEL REMARKS
CMP Accept Rcd GETI (CDH)

PRO 2,1hk0

Go to 5

Reject Key V25E

Load desired GETI (CDH)

3 CMC computes CDH parameters

Poss FL V05 NO9

00611 (No GETI for given E)

PRO, go to FL V06 RTS

or Key V32E, return to 2

FL V06 NT5
A A1t (CDH)
AT (TPI -CDH)

AT (TPI -TPI)

Rcd values
PRO

4 FL v06 N81

AVX, Y, Z (1lcl vert)

Accept Rcd values
PRO
Reject Key V25E

XXXX.X NM
XXBXX MIN-SEC

XXBXX MIN-SEC

XXXX.X FPS

Load desired values

To force GETI (CDH) solution.
To adjust input parameters.

Maximum reading (displayed) in R2 and R3 is S9B59,
Only minutes and seconds displayed although time
computation done in hours, minutes, and seconds.

TPI computed minus TPI computed in P32 or PT72. TPI

time, computed in P33 or P73, can be determined by
calling N37.

CMC calculated components of AV (in local vertical
coordinates) for CDH.

To modify AV (local vertical) to correct for out of
planeness, key V9OE (R36). Use data obtained from
R36 to determine desired AV (local vertical).

k.2.2.2

(P33/P73) CONSTANT DELTA ALTITUDE
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,,,,, - Il l. '.I I '.m

JOOHANVH SNOILVIEdJO OTT0dV

(2)-£~I1 ¥O0Td-E0-VSHS



o]
» STA/T STEP PROCEDURE PAREL REMARKS
ol
0
g |CMP 5 FL V16 NL5 2,1k0
® Mrks XXBXX MKS Number of marks processed by R22. Two most signifi-
® cant digits display VHF ranging marks. Two least
- significant digits display optics marks [either SXT
= or backup optics (COAS) marks].
<y
é} TF GETI (CDH) XXBXX MIN-SEC Time from CDH ignition. Maximum reading is 59B59.
o -, before; +, after.
0
3 MGA -0000X -00001 for other than final pass.
-00002 for final pass (and IMU not aligned if P33).
Q
o Or IMU ALIGNED & P33 +XXX.XX DEG Middle gimbal angle (yaw):
2 +XXX.XX DEG for final pass and IMU aligned (if +X
() axis aligned to initial thrust direction). .
) To continue mrk process
s Key V32E
® Return to 3
or To term mrk process & do fnl pass
thru prog
PRO
Return to 3
or After fnl pass thru prog
;e PRO
»
oQ
® 6 FL V37T ROO.
Key XXE
£
1
&
£
&

(P33/P73) CONSTANT DELTA ALTITUDE
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STA/T STEP PROCEDURE

PANEL

REMARKS

4,12.2.3 (P34/P7h) Transfer Phase Initiation

CMC - on (req), 4.8.1.3

ISS - on & orient known (desired),

4.8.1.3 & L.1h

P34 Transfer Phase Initiation (CSM active) or PTh IM
TPI Targeting (LM active) calculates required AV and
other initial conditions required by CMC for CSM
execution (P34), or by LGC for IM execution (P37),
of TPI maneuver, given:
a. Time of ignition, GETI (TPI), or elevation
angle (E) of active~to-passive LOS at GETI
(TPI).
b. Central angle of transfer (CENTANG) of passive
vehicle from GETI (TPI) to time of intercept.
c. ?alc?lates GETI (TPI) given E, or E given GETI
TPI).

P34k or PTh may be performed concurrently with P20.
If P20 operating, sighting marks on IM may be
initiated by keying VSTE (R21) or VSLE (R23) and
referring to 4.11.2.1, steps 5-7 or 8-10, respec-
tively. Also if P20 operating, VHF ranging data
state vector update may be initiasted by configuring
for VHF Ranging Mcde, 4.5.6.6, and keying V8TE.

Required if P20 running and automatic state vector
desired and, if P34, for meaningful MGA display
during final N5 display (step 8).

CMP 1 Key V3TE 34E/TLE 2,1k0
2 FL V06 N37
GETI (TPI) 00XXX. HRS
000XX. MIN
0XX.XX SEC
k.12.2.3 (P3L4/PTh4) TRANSFER PHASE INITIATION
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STA/T STEP PROCEDURE

PANEL

REMARKS

CMP Key V25E
Load desired GETI (TPI)

Red GETI (TPI)

PRO
3 FL V06 N55
NN 0000X.
E XX.XX DEG
CENTANG XXX.XX DEG
Accept Red CENTANG & E
PRO
Go to 8
ReJect Key V25E

Load desired data

b If E specified (CMC computes GETI)

Poss FL V05 NO9
00611 (no GETI for given E)
PRO
Return to 2 (adj input
parameters)

2,1k0

Load desired GETI (TPI) if CMC computation of E
desired. For a specified value of E and CMC
computation of GETI (TPI), load an initial value of
GETI (TPI). Loaded value should be within 30 minutes
of actual. /

Integration method and number of precision offset
computations desired. NN initially O.

Elevation angle.

Central angle of passive vehicle from GETI (TPI) to
time of intercept.

Load desired NN in Rl: 0, conic integfation;
X, precision integration with (X) target offsets.

Desired E in R2, CMC computes GETI (TPI).
R2, CMC computes E,

+00000 in

(P34/PTh) TRANSFER PHASE INITIATION
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STA/T STEP PROCEDURE PANEL REMARKS
CMP FL V06 N37T 2,1k0
GETI (TPI) 00XXX. HRS
000XX. MIN
0XX.XX SEC
Red GETI (TPI)
PRO
Go to S
or If +00000 specified for E (CMC computes E)
FL V06 NS5
NN 0000X. Integration method and number of precision offset
computations desired.
E XXX.XX DEG CMC computed E.
CENTARG XXX.XX DEG
Red E
PRO
5 FL V06 N58 4
Hp XXX, X WM Perigee altitude above launch pad radius for earth
orbit, or perilune altitude above landing site radius
for lunar orbit, after TPI maneuvers. Display
meaningless if Hp >9999.9 RNM.
AV (TPI) XXXX.X FPS Required impulsive AV to accomplish TPI maneuver
at GETI (TPI).
h.12.2.3 (P34/PTh) TRANSFER PHASE INITIATION
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STA/T STEP PROCEDURE PANEL REMARKS
CMP AV (TPF) XXXX.X FPS 2,140 | Required impulsive AV to accomplish intercept
| meneuver (TPF) at calculated time of intercept.
Rcd data
PRO

If not fnl pass, go to T

6 FL VO6 N81 (fnl pass only)

AVX, Y, Z (lcl vert) XXX.X FPS

Accept Red AV (lel vert)
PRO
Relect Key V25E
Load desired AV (lcl vert)
T FL VO6 N59
av 1, 2, 3 (LOS) XXXX.X FPS
Rcd AV (L0OS)
PRO
8 FL V16 Nks
Mrks XXBXX MKS

TF GETI (TPI) XXBXX MIN-SEC

MGA -0000X

To obtain central angle of active vehicle, key
V06 N52.

Required impulsive AV components in active vehicle
local vertical coordinates.

To modify AV (lcl vert) to correct for out of
planeness, key V9OE (R36). Use data obtained from
R36 to determine desired AV (local vertical).

Required impulsive AV components in an orthogonsl
coordinate system oriented along CSM to IM LOS in
P34, or along IM to CSM LOS for PTh. (For complete
definition, refer to GSOP section 5.4.2.2 of R577.)

Number of marks processed by Rendezvous Data
Processing Routine, R22. Two most significant digits
display VHF ranging marks. Two least significant
digits display optics marks [either SXT or backup
optics (COAS) marks].
Time from ignition. Max reading is 59B59.
+, after.

-00001 for other than final pass.
-00002 for final pass (and IMU not aligned in P3L).

-, before;

(P34/PTh) TRANSFER

PHASE INITIATIORN
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STA/T STEP PROCEDURE

PANEL

REMARKS

CMP Or IMU ALIGNED & P34 +XXX.XX DEG

To continue mrk process
Key V32E
Return to k&

or To term mrk process & do fnl pass
thru prog
PRO
Return to L

or After fnl pass thru prog
PRO
If PTh, xmit all mnvr parameters
to IM

9 FL V37T
Key XXE

2,1%0

Middle gimbal angle (yaw):
+XXX.XX DEG for final pass and IMU aligned (if +X
axis aligned to initial thrust direction).

ROO.

MOOdANVH SNOILVYAJO OTTI0dV

h.12.2.3

(P3L/PTh) TRANSFER PHASE INITIATION
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STA/T STEP : PROCEDURE PANEL REMARKS
4.,12.2.4 (P35/P75) Transfer Phase Midcourse P35 Transfer Phase Midcourse (CSM active) or P75 TPM
Targeting (LM active) calculates required AV and
other initial conditions required by CMC for CSM
(P35), or by LGC for IM (PT5), execution of next
midcourse correction of transfer phase.
P35 or P75 may be performed concurrently with P20,
If P20 operating, sighting marks on LM may be
initiated by keying VSTE (R21) or VSLE (R23) and
referring to 4.11.2.1, steps 5-7 or 8-10, respec-
tively. Also if P20 operating, VHF ranging data
state vector update may be initiated by configuring
for VHF Ranging Mode, 4.5.6.6, and keying V8TE.
CMC -~ on (req), 4.8.1.3
If P35 - P34 (complete), k.12.2.4 Time of intercept computed and stored by P3h4 (PTh)
If P75 - PTh (complete), 4.12.2.4 required for P35 (P75) computations. Type of inte-
gration (conic or precision) and number of offsets
determined by P34 (PTL) computations.
ISS - on & orient known (desired), Required if P20 running and automatic state vector
L.8.1.3 & L.1k desired and, if P35, for meaningful MGA display
during final K45 display (step k).
CMP 1 KXey V3TE 35E/T5E 2,1k0
Go to 4
2 FL V06 N81 (fnl pass only)
AV X, Y, Z (lcl vert) XXXX.X FPS Required AV components in active vehicle local
vertical coordinates.
Accept Red AV (lcl vert)
PRO
Reject Key V2S5E To modify AV (local vertical) to correct for out of
Load desired AV (lcl vert) planeness, key V9OE (R36). Use data obtained from
R36 to determine desired AV (local vertical).

MOOHANVH SNOILVYAJO OTI0dY

(P35/PT75) TRANSFER
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‘| STA/T STEP

PROCEDURE

PANEL

REMARKS

CMP 3 FL V06 N59

AV 1, 2, 3 (LOS)

Red AV (LOS
PRO

4 PFL V16 Nbs

Mrks

TF GETI (TPM)

MGA

Or IMU ALIGNED & P35

To continue mrk process
Key V32E
Return to 3

XXXX.X FPS

XXBXX MKS

XXBXX MIN-SEC

-0000X

+XXX.XX DEG

2,140

Required impulse AV components in an orthogonsal
coordinate system oriented along CSM to IM LOS (P35)
or along IM to CsM LOS (P75). (For complete
definition refer to GSOP section 5.4.2.3 of R57T.)

To obtain active vehicle central angle, key VO6 N52,

Number of marks processed by R22. Two most signifi-
cant digits display VHF ranging marks. Two least
significant digits display optics marks [either SXT
or backup optics (COAS) marks].

Time from ignition (update at l-second intervals).
Max reading is 59B59; -, before; +, after. GETI
(TPM) recomputed as Tnow +A (+B for P75) for each
recycle and again when final pass selected (PRO).
Value of A (B for PT5), stored in erasable memory,
may be changed by using procedure 4.8.1.11, by P27
update, or by prelaunch erassble load.

-00001 for other than final pass.
-00002 for final pass (and IMU not aligned in P35).

Middle gimbal angle (yaw):
+XXX.XX DEG for final pass and IMU aligned (if +X
axis aligned to initial thrust direction)

L.12.2.4

(P35/P75) TRANSFER PHASE MIDCOURSE
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STA/T STEP PROCEDURE PANEL

or To term mrk proced & do fnl pass
thru prog
CMP PRO 2,1k0
Return to 2

or After fnl pass thru prog
PRO
If P75, xmit all mnvr
parameters to IM

5 FL V37T
Key XXE

ROO.

(P35/PT5) TRANSFER PHASE MIDCOURSE
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STA/T STEP PROCEDURE PANEL

REMARKS

4,13 THRUSTING
4,13.1 VEHICLE PREPARATION
(Proced not designated "req" are optional)

1l For orb change
Obtain update from MSFN
Gas Separator Cartridge Prep (req)
Remove separator from water pistol &
stow temporarily in LEB stowage bag
Assure separator on food prep unit
secured with bayonet locks
Install outlet cap on food prep unit
separator
SPS & SM RCS Checks, 4.5.2.1 & k4.5.2.2
EPS DC & AC Checks, 4.5.3.3 & 4.5.3.h
Press Suit Ckt & PGA Check at 5.0 psia,
4.5.4.9 (if req)
C&WS Oper Check, 4.5.5.1
CMC Self Check, 4.8.1.7
DSKY Condition Lt Check, 4.8.3.1

CMP

If undocked from LM
Dry tunnel

AV Test & Null Bias Check, 4.7.6.1

2 For deorbit or lunar ret
Deorbit or Lunar Ret Veh
Prep, 4.15.1 (req)

For general G&C operating data, refer to operating
notes 4.6.1.

If necessary, absorb water with towel.  Condensed
moisture in tunnel rains on crew during thrusting.

In-flight verification of X-axis accelerometer output,
AV indicator, SPS THRUST light, and thrust cutoff
relay in EMS.

L.13.1
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STA/T STEP PROCEDURE

PANEL

4.13.2 G&N THRUSTING

4.13.2.1 (P40) G&N SPS Thrusting

CMC - on (req), 4.8.1.3

1SS -hon & orient known (req), 4.8.1.3 &
hoibh

SCS - on (req), 4.8.k.2

Test C/W lamps
DAP - load & activate, including ull
sel, 4.8.2.1

Computes preferred CSM attitude and IMU orientation
for SPS thrust.

Calculates and displays gimbal angles which would
result if present IMU orientation used for thrust in
preferred vehicle attitude (function of R60 computa-
tions). Crew then decides whether to thrust at
present IMU orientation or to reorient IMU using
P52/P5k,

Maneuvers CSM to thrust attitude (R60); controls GNCS
during SPS thrust countdown, ignition, thrust, and
thrust termination; and allows residual steering
error trimming.

G&C circuit breakers on all panels should be closed
except as defined in Limited Use Controls, L4.6.h.

SPS trim values should be reviewed now for use at
beginning of PUO in computing preferred IMU orienta-
tion and final vehicle attitude. SPS trim values are
updated during CMC-controlled burn. If a roll jet
fails on during SPS thrust, an appreciable roll
excursion (=30°) may occur. PITCH-YAW DAP will
continue to function properly.

(P40) G&N SPS THRUSTING

-

- “ -
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STA/T STEP PROCEDURE PANEL REMARKS
WARNING
Experiments must be retracted
prior to SPS thrust. Prevents
poss boom or track structural
failure.
Gamma ray & mass spectrometer booms, &
map camr tracks - retracted (req),
4.18.3.2, 4.18.3.4, & 4,18.3.6
If experiments 5163 & S166 not complete
Pan camr boost mode - on (req),
4.18.9.1, step 1
Map camr stby mode - on (req),
4.18.12.2, step 1
Prethrust prog (req), k.12
Veh prep (req), 4.13.1
1 AV Setup, L4.7.6.2
CMP OPT ZERO - ZERO (verify) 122 | Prevents optics drift during TVC use of OCDUs.
2 Key V3TE OOE 2 | POO updates state vector periodically.
3 Key V3TE LOE TFI available (prior to step 10) by keying V16 N3SE
or V16 NLOE.
Poss PROG alarm (4.8.1.16) RO2. If no alarms at this point (after RO2 exited),
CMC computes initial thrust direction and initial
value of VG (local vertical), computes preferred IMU
orientation, and sets PFRATFLG (preferred attitude
flag) and stores desired attitude for use in R60.
Final attitude computed in R60, gimbals trimmed for
initial thrust, and 0.5-degree deadband set in RCS
DAP.
k.13.2.1 (PLO) G&N SPS THRUSTING
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STA/T STEP

PROCEDURE

PAREL

REMARKS

L If VG disp desired

CMP

Key V06 NB1E

VGX, Y & 2 XXXX.X FPS

(lcl vert at GETI)

(R60, Attitude Maneuver)

5 FL V50 N18 (sel CMC - auto)
R, P, Y XXX.XX DEG

CDR

CMP

Establish tot att disp, 4.7.2.5

Accept BMAG MODE (3) - RATE 2

CMC Att Cont - auto, 4.7.1.6

PRO

Reject Sel desired Att Cont, L.T7.1

Mnvr to thrust att
ENTR -~ Go to T

6 Auto mnvr

CDR,CMP

V06 N18 (fnl att)

R, P, Y XXX.XX DEG

Mon FDAIs
If RHC used or SCS sel, go to T

1,2

Display available until average G turned on (GETI
minus 30 seconds).

Maneuvers CSM to attitude stored in PLO. Maneuver
performed automatically by G&N, or manually with
an optional final automatic G&N-controlled trim
maneuver,

Desired final gimbal angles.

Both FDAIs should be selected to provide redundant
displays.

Prevents BMAGs from hitting stops during maneuvers.

PRO initiates auto maneuver without reviewing final
gimbal angles. If review desired prior to auto
maneuver, reject option should be selected. If
desired, attitude set control panel can then be set
to final gimbal angles to provide attitude error
information for completion of maneuver manuslly if
G&N fails.

Angles obtained from a VECPOINT calculation.
Maneuver rate is as last defined by DAP load.

CSM began maneuver to final attitude when PRO keyed
in step 5. Refer to L4.6.1.3, note 1b.
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STA/T STEP PROCEDURE PANEL REMARKS
CMP 7 FL V50 N18 (att trim enbl) 2| Final trim maneuver should be considered essential
R, P, Y XXX.XX DEG to SPS AV attitudes. Display of final gimbal angles
remains in registers. Final attitude trim maneuver
performed after gimbal drive and trim check.
8 1Ign prep Sets up nontime-critical switching required for

CAUTION

If either bat bus A(B) current fails
to incr after cycling MN BUS TIE sws,
configure bats to mn buses using cb

thrust. If necessary for deorbit, MSFN dumps and
rewinds tape recorder, and changes to HBR.

Assumes reconfiguration BAT C to MNA(B) for orbit
change; BAT A(B) and BAT C to MNA(B) for deorbit.

MOOgAaNVH SNOILVYEdO OTT0dV

BAT C TO BAT BUS A(B) & cb MNA(B) 250
BAT C as necessary.
LMP
-10:00 MN BUS TIE BAT A/C - on (up) 5
Verify bat bus A current incr 3] Verification of current increase for appropriate
&/or bat volt decr battery bus via DC AMPS indicator (panel 3) confirms
MN BUS TIE BAT B/C - on (up) 5| successful operation of main bus tie motor switches.
Verify bat bus B current incr 3] MN BUS TIE BAT A/C and B/C switches at on provide two
&/or bat volt decr batteries on line for orbit change if cb MNA & B BAT C
(2) - open, or three batteries on line for deorbit and
entry if circuit breakers closed (panel 275).
SPS He VLV tb (both) - bp 3| Barber pole indicates helium isolation valves closed.
SPS He VLV (both) - AUTO
CDR RHC PWR DIR (both) - OFF 1
SC. CONT - CMC
CMC MODE - AUTO
h.13.2.1 (PLO) G&N SPS THRUSTING
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STA/T STEP

PROCEDURE

PANEL

REMARKS

CDR

SCS TVC (2) - RATE CMD

BMAG MODE (3) - ATT 1/RATE 2
RATE - LO

ATT DBD - MIN

TVC GMBL DR (2) -~ AUTO

9 Gmbl drive & trim check

~-05:00

cb SPS PITCH 1 BAT A - close (verify)
cb SPS YAW 1 BAT A - close (verify)
TVC. SERV0C PWR 1 ~ AC1/MNA

TVC SERVO PWR 2 - AC2/MNB

THC PWR - on (up)

RHC PWR NORM 2 - AC

RHC 2 - ARMED
GMBL MOT Pl & Y1 - START

Auto switchover check
THC - CW
RHC - verify no MIVC cont
GMBL POS ind (4) - no motion

Sec TVC check
GMBL MOT P2 & Y2 - START
Confirm & set trim cont
SPS GMBL tw (2) - + & -
Set to c.g. trim values

8

Provides rate damped manual TVC as backup to G&N, if
THC - CW. SCS auto or MTVC acceleration command
optional, but less desirable backup modes.

PITCH and YAW GMBL caution/warning lights (panel 2)
indicate overcurrent to actuator motors.

Remain closed from launch through first SPS thrust
and closed again for each subsequent SPS thrusting.

Opens RHC 2 (commander's) breakout switch (dec
circuits) to prevent attitude maneuvers through CMC
during MTVC checks. During burn, RCS DAP disabled
at SPS engine ignition (TFI = 0).

START position is momentary. Also refer to 4.6.1.1,

note 11.
Enables MTVC and switches TVC to channel 2.

Verifies TVC switches from channel 1 to channel 2
(which is off) when THC CW selected.

START position is momentary.
Verifies secondary gimbal trim control.

Trim values obtained from. DAP Data Load (L4.8.2.1) or
MSFN.

(P40) G&N SPS THRUSTING
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STA/T STEP PROCEDURE PANEL REMARKS
CDR RHC 2 -~ Verify MIVC Gimbals drive in response to RHC movement and return
to set-~in values when RHC neutral. Verifies control
of secondary MIVC loops through RHC. Gimbals move
proportional to RHC deflection since MIVC integrator
not enabled until engine ignition.
THC - neut
RHC PWR NORM 2 - AC/DC 1
Accept Complete asuto att trim Accept and reject options refer to attitude trim
enable flash N50 N18 in step 7.
BMAG MODE (3) - RATE 2
Align CSM in roll
CMC Att Cont - Auto, L4.7.1.6
CMP PRO 2
Returns to V06 N18 disp of 6 Does not imply that any previous checks need be
repeated for each trim enable.
Reject Sel desired Att Cont, L4.7.1
Verify/mnvr to thrust att
(V62E for tot att err disp)
CDR RHC PWR DIR (both) - MNA/MNB 1 | Enables manual direct RCS for overriding an auto
RCS roll failure during thrusting.
MAN ATT (3) - RATE CMD
RATE - HI If MIVC required, RATE - HI bypasses noise problem
in SCS gyro assemblies because of thrusting vibration
levels, which can cause spurious RCS roll Jet firings.
BMAG MODE (3) - ATT 1/RATE 2
or If RATE 1 AV planned RATE 1 AV should be used for burns where angular
BMAG MODE PITCH - RATE 1 change >15° or if gyro assembly 2 failed.
BMAG MODE YAW - RATE 1
or BMAG MODE (in axis) -
RATE 1
L.13.2.1 (PLO) G&N SPS THRUSTING
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STA/T STEP PROCEDURE PANEL REMARKS
CDR Align GDC to IMU if DSKY display option recommended because of its avail-
necessary, 4.8.4.6 ability - only need to set ATT SET thumbwheels to DSKY
values and defer alignment until just prior to thrust.
CMP Check boresight star

ENTR (exit R60) 2

10 FL V50 N25

00204 (CMC GMBL drive test)

Accept PRO
Mon GMBL drive seq

}—PITCH~ e YAW—=]

+2° 4
0° ? TRIM
0 2 b 6 8 10 (at 16 sec)
0.2 secei |= l l
-0 4
TIME
(sEC)
Reject ENTR
GMBLs drive to trim position
(after b4 sec)
11 V06 Nko
TF GETI XXBXX MIN-SEC
VG XX.X FPS
AV (accum) XXXX.X FPS

Manual drive, trim and MIVC check accomplished
before CMC gimbal drive test enabled (PRO keyed).

If gimbal test sequence not desired, gimbals drive
to trim 4 seconds after ENTR keyed.

TF GETI max reading is 59B59. Sign minus before
nominal GETI, plus after, Event Timer will not
agree with Rl if GETI was slipped.

(P40) G&N SPS THRUSTING

THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION 'I:EAM

AOCOHUNVH SNOILVIIJO OT110dV

(2)=r=II AO0TE=-LO=VEHS

PR



oje(] oiseq

0L6T ATnp LT

ajeq 28ueyn

28ed

91

MOOEANVH SNOILVYEJO OTI0dV
(2)=r=1I J00Td=L0~VCKHS

THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM ‘ ' :
NORMAL BACKUP

STA/T STEP PROCEDURE PANEL REMARKS
CDR 12 2-min countdown
-02:00 Report TF GETI = 2 min
FDAI SCALE - 5/5 1
AV THRUST A(B) - NORM Guarded.
THC - ARMED
CDR,CMP RHC (both) - ARMED
(R41, State Vector Integration)
-00:Lko0
CMP If PROG 1t - on, CMC slipped TIG 2 | May illuminate between TIG -L42.5 and -35 seconds.
DSKY Rl continues count to former TIG TIG slipped delta amount as required by CMC to
complete state vector integration.
DSKY clears at new TIG -35 sec
COMP ACTY 1t - out (exit RAL1)
-00:35 DSKY clears
-00:30 V06 N4LO (ave G on) Static display, with COMP ACTY 1t flash every
2 seconds.
Check AV (accum) for PIPA bias G&N controlled burns unreliable if R3 >0002.0 FPS.
R3 <0002.0 FPS
If orb change
LMP UP TIM CMD - RSET then NORM 3
PCM BIT RATE - HI
TAPE RCDR FWD -~ FWD
"CDR EMS MODE - NORM 1]4.6.1.1, note 9,
L.13.2.1 (P40) G&N SPS THRUSTING
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STA/T STEP PROCEDURE PANEL REMARKS
CDR
-00:29 No ullage required if sump tanks full. CSM/LM or
to Ferform ull if req CSM 2 or b jet ullage times defined in SNA-8-D-027
-00:06 CSM Data Book, Vol I. Retain ullage for =1 second
after ignition. Exact velocity change not eritical -
only a steady ullage to getitle SPS propellants.
§xxxxxxxxxxxxxxxxxxxxxxxxxxx§
No ull
DIR ULL pb -~ push, hold 1 j Direct ullage inhibits pitch and yaw auto RCS. Main-
RHC -~ cont att tain attitude within deadband limits.
§xxxxxxxxxxxxxxxxxxxxxxxxxxx%
-00:05
CMP 13 FL V99 N4O (eng enbl) 2 | CMC changes V06 to V9¢ hHut retains previous display
TF GETI XXBXX MIN-SEC in registers. Do not exercise extended verb or moni-
VG XXXX.X FPS tor displays for extended periods during TVC; these
AV (accum) XXXX.X FPS displays can override a FL V97 N4O (low thrust) dis-
play. Override indicates CMC thinks engine off,
steering stopped (including cutoff computations), and
attitude hold esteblished.
Accept PRO
Go to 1b
Reject ENTR, go to 16 as req & 17 If ENTR option selected, post SPS burn switching in
Man trim with RCS step 16 must be accomplished.
or V3LE
FL V37 If average G on, ROO turns off average G, zeros
Key XXE rendezvous mark and VHF ranging mark counters.

R

} Otherwise counters not zeroed. ROO alsc sets or

resets RNDZ, TRACK, and UPDATE flags, depending on
vwhich programs in progress or called.
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STA/T STEP

PROCEDURE PANEL REMARKS
CDR 14 1Ign If IM off, CMC will not accept VU6 or V48 during TVC.
00:00 SPS THRUST 1t - on 1] If IM on, CMC will accept V46 as cue for low bandwidth
mode (decreases control required response because of
off-nominal bending moments).
CMP V06 Nko 2
TFC XXBXX MIN-SEC Time from engine cutoff. Sign (-) before cutoff, (+)
thereafter. TFC display discontinuous for U4 to
5 seconds after ignition.
VG (decr) XXXX.X FPS
AV accum (incr) XXXX.X FPS
CDR AV ind - decr 1
CMP Poss PROG alarm 2
Key V05 NO9E (to verify
alarm)
01407 (VG iner)
IGN+1 sec
CDR Discontinue ull RCS X-axis translation discontinued by program
2 seconds after engine-on command. RCS DAP dissbled
at ignition.
IGN+2 to
5 sec AV THRUST (2) - NORM (if desired) 1 | Guarded. For dual bank operation.
§xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx§
If no ign or premature shutdown Engine restart should not be attempted within
> seconds from initial ignition - avoids undesirable
helium pressure excursions.
Continue ull
AV THRUST (2) - NORM Guarded.
Recycle 1k
4.13.2.1 (PL4O) G&N SPS THRUSTING
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STA/T STEP PROCEDURE

PANEL

REMARKS

CMP or If FL v97 NLo (RLO)
PRO - If thrust back on

Thrust failure routine (R4O) called if CMC detects

thrust failure during non-impulsive thrusting period.

If thrust decreases to some low level, VG and AV

CDR or AV THRUST (2) - NORM 1 | displays continue changing. If thrust actually
Reorient to thrust att terminates prematurely, VG and AV displays become
static.
CMP ENTR - Recycle to 13 2 | If ENTR response to FL V9T NkO, Rl (TFC) set to
59B59.
or Key V3LE Terminates PLO and RLO.
FL V37
Key XXE
or Sel SCS option
CDR or Discontinue ull
SC CONT - SCS 1| SCS AV option selected to bypass as many failure
AV THRUST (2) - NORM modes as possible and provide minimum engine delay.
scs TvC (2) - AUTO Depending on duration of burn prior to failure, a
motion transient could result if c.g. shifted
significantly from GMBL thumbwheel values.
Init ull Ullsge and THRUST ON pushbutton required to satisfy
THRUST ON pb - push SCS logic if SPS THRUST switch not at DIR ON.
or SPS THRUST - DIR ON Lever lock.
IGN+1 sec Discontinue ull
or Term mnvr
x X
XXXXXAXXXXXAXXXXXXXXXXXXAAX XX XKXXAKXXX
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STA/T STEP PROCEDURE PANEL REMARKS
15 Orb change SPS mon
CDR Pc ind - 95-105 psia 1|65 to 125 percent green range on indicator corresponds
to psia. Normal Pc range 95-105 psia.
LMP SPS INJ VLV ind (2 or 4) - OPEN 3 | A1l four injector valves open for dual-bank operation.
SPS He VLV tb (both) - gray Gray indicates helium isolation valves open.
SPS FUEL & OXID PRESS ind (2) -
170-195 psia
SPS OXID UNBAL ind - mon Prior to crossover, maintain unbalance near value at
which indicetor first stabilizes after burn initia-
tion. After crossover, maintain unbalance near zero.
§xxxxxXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxx§
SPS OXID UNBAL ind erratic, pegged
or failed stationary
PUG MODE - AUX Selects auxiliary PUGS for SPS OXID UNBAL indication.
SPS OXID UNBAL ind erratic, pegged
or failed stationary in prim &
aux modes
PUG MODE - NORM
SPS FUEL & OXID QTY ind (2) - OXID FLOW VLV INCR switch controls oxid/fuel mixture
mon ratio to maintain SPS OXID QTY indicator within
+0.h4 percent of SPS FUEL QTY indicator.
SPS FUEL or OXID QTY ind erratic,
pegged. or failed stationary
PUG MODE. - AUX
SPS FUEL or OXID QTY ind erratic, Probable loss of PUGS data.
pegged or failed stationary in
prim & aux modes
PUG MODE - NORM
XK KX XK HX KKK XK KKK KK XX KX KKK KK KKK
L,13.2.1 (P40O) G&N SPS THRUSTING
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STA/T STEP PROCEDURE PANEL REMARKS

LMP

OXID FLOW VLV INCR - as req 3 ]| Switch position determined by SPS oxidizer unbalance.
S5PS OXID VLV tb -~ verify Continue monitoring SPS OXID UNBAL indicator.

)}%XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX%E

No SPS OXID VLV tb response during /
flow ad})
OXID FLOW VLV INCR - NORM
Wait 6 sec
OXID FLOW VLV PRIM - SEC
OXID FLOW VLV INCR - as req
OXID FLOW VLV tb - verify Continue monitoring SPS OXID UNBAL indicator and
control oxidizer flow with OXID FLOW VLV PRIM switch
in SEC position until thrusting completed.
No 8PS OXID VLV tb response during Probable SPS OXID VLV talkback failure.
flow adj in prim & sec modes

CAUTION

Do not use sec oxid flow vlv with
prim vlv functioning properly.
Failure of sec vlv could result
in loss of prplnt mgmt capability.

OXID FLOW VLV INCR - NORM
Wait 6 sec

OXID FLOW VLV PRIM - PRIM
OXID FLOW VLV INCR -~ as req

X X
PO 0900000000600 0000000000000006606060006664

SPS OXID UNBAL indicator trend may be used to confirm
valve position.

(P40) G&N SPS THRUSTING
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STA/T STEP PROCEDURE PANEL REMARKS
CAUTION
CDR If noneritical burn & AP >20 psi AP between fuel and oxidizer should not exceed 20 psi
AV THRUST (2) -~ OFF 1 | during burn or degraded performance, rough combustion,
and/or engine failure may result.
16 Deorbit SPS mon SPS OXID unbalance indicator erratic for about
25 seconds after ignition.
Pc ind - 95-105 psia 65 to 125 percent green range on indicator corresponds
to psia. Normal Pc range 95-105 psia.
LMP SPS INJ VLV ind (L4) - OPEN 3| All four injector valves open for dual-bank operation.
SPS He VLV tb (both) - gray Gray indicates helium isolation valves open.
SPS FUEL & OXID PRESS ind (2) -
170-195 psia
CDR or
CMP 17 FDAI - mon err & rates 1,2 | Monitoring for possible required MIVC takeover.

%XJQ{XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXJ(X)%Kc

CDR MIVC takeover

THC =-CW
Maintain att cont man

or AV THRUST (2) -~ OFF 1 | Guarded.
Damp rates to IMU ball or out

window
Reorient & hold thrust att
THC -« CW
AV THRUST A(B) - NORM Guarded.
4.,13.2.1 (PLO) G&N SPS THRUSTING
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STA/T STEP PROCEDURE

PANEL

REMARKS

CDR Init ull
THRUST ON pb - push

or SPS THRUST - DIR ON
Fly MIVC (RATE CMD)

IGN+2 to AV THRUST B(A) - NORM (if desired)
5 sec

Init ull

THRUST ON pb - push

or SPS THRUST - DIR ON

or Term mnvr
x

XAXXXXXXXXXXAX XXX X XXX XXX XX XXX XXX
X X

Roll att cont failure
MAR ATT ROLL - ACCEL CMD

or AUTO RCS ROLL (8) - OFF
Use dir cont

X X
XAXXXXXXAXXX X XXX XXX X XXX XXX XXLKXXX

18 Mon SPS eng cutoff
SPS THRUST 1t - out

Ullage and THRUST ON pushbutton required to satisfy
SCS logic if SPS THRUST switch not at DIR OK.

Lever lock.

Guarded. For dual bank operation.

Ullage and THRUST ON pushbutton required to satisfy
SCS logic for second bank operation if SPS THRUST
switeh not at DIR ON.

Lever lock.

ACCEL CMD position inhibits CMC roll commands and
allows acceleration control of RCS auto coils with
RHC.

(PL0) G&N SPS THRUSTING : R
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STA/T STEP PROCEDURE PANEL REMARKS
CMP FL V16 N4O (eng cutoff) 2
TFC (static at 2.5 XXBXX MIN-SEC Time from cutoff. At cutoff +2.5 seconds, CMC sets
sec from cutoff) wide deadband in RCS DAP. Then CMC switches from
VG XXXX.X FPS TVC DAP to RCS DAP at cutoff +3.1 seconds.
AV (accum) XXXX.X FPS
CDR EVNT TMR ind - 59:59 (=) thrust duration 1 | Timer normally counts down from 59:59. »
C/0+1 sec AV THRUST (2) - OFF Guarded. )
SPS THRUST -~ NORM (verify) Lever lock. 0
Report eng off F
Pe =0 le)
LMP SPS INJ VLV ind (4) - CLOSE 3 ?
SPS He VLV tb (both) - bp Barber pole indicates helium isolation valves closed. % Y
c/o 1o
+2.5 sec ? v
CDR GMBL POS ind (4) - servo null 1 } CMC removes TVC enable discrete (C/0 indicated by £
TFC sign change and VG + 0). 0o
For postorbit change free drift 2
BMAG MODE (3) - RATE 2 S
CMC MODE - FREE E ‘%‘
GMBL MOT P2 & Y2 - OFF 4.6.1.1, note 11. 5
GMBL MOT Pl & Y1 - OFF g~
v, ]
If MTVC 8
THC - neut To prevent possible reignition (if G&N thrust-on =
command still present), AV THRUST switches must be
OFF prior to THC - neutral.
TVC SERVO PWR (both) - OFF T
If orb change
cb SPS PITCH 1 BAT A - open 8
cb SPS YAW 1 BAT A - open
4.13.2.1 (P40) G&N SPS THRUSTING
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STA/T STEP PROCEDURE PANEL REMARKS
If deorbit
CDR cb SPS PITCH (both) - open 8
cb SPS YAW (both) - open
EMS MODE -~ STBY 1]14.6.1.1, note 9.

aje(g °3ueyn

o8eg

oLn-1

LMP If orb change
PCM BIT RATE -~ LO 3
CDR Red AV ind 1
CMP PRO ' 2 ] CMC sets minimum deadband in RCS DAP.

19 FL V16 N85 (VG vetr compnt)
VGX, Y, Z (cont) XXX .X FPS

Velocity to be gained resolved along CSM X, Y, and Z
control axes (updated each computation cycle).

If VG compnt to be nulled Optional. All AUTO RCS switches must be on for
CDR CMC MODE - AUTO or HOLD 1 | nuiling residuals in 3 axis.
RHC/THC - null out VG compnt
THC - neut, LOCKED
If orb change
RHC - LOCKED

Mp If deorbit
TAPE RCDR FWD - off (ctr) 3

If R30 desired
CMP Key VB82E 2
Go to 20

To term PLO
PRO

Go to 21 CMC sets last specified RO3 deadband in RCS DAP.

AOOHANVH SNOILVYIJO OTT0dV
(2)=r=II JD0TE=-CO-VSHS
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STA/T STEP PROCEDURE PANEL REMARKS
(R30, Orbital Parameter Display)
CMP 20 FL V16 Nik - 2
Ha XXX.X NM Altitudes above launch pad radius (earth orbit) or
Hp XXXX.X WM lunar radius at most recently defined lunar landing
site (lunar orbit). Parameter calculations yield
reasonable results if vehicle close to earth or moon.
TFF XXBXX MIN-SEC Time of free fall to 49.4 NM (300,000 feet) above
launch pad radius (earth orbit) or 5.8 WM
(35,000 feet) above lunar radius at most recently
defined lunar landing site (lunar orbit).
If Hp >b9.h4 NM/5.8 mM
R3 = -59B59 If TFF = -59B59, time from perigee or perilune
available via N32E.
PRO (exit R30)
Return to 19
21 FL V37 If average G on, ROO turns off average G, and zeros
rendezvous and VHF ranging mark counters. Otherwise
counters not zeroed. ROO also sets or resets RNDZ,
TRACK, and UPDATE flags, depending on which programs
in progress or called. Under certain conditions, ROO
may recycle into P20,
If orb change
Key XXE
Set conts after tailoff Monitor main bus voltage for maximum allowable
(31 vdc) during power down sequence.
LMP MN BUS TIE (2) - OFF 5
4.13.2.1 (P4O) G&N SPS THRUSTING
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STA/T STEP

PROCEDURE

PANEL

CDR

LMP

)}Exxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxgc(

If MN BUS TIE fail prior to thrust

Leave MN BUS TIE BAT B/C(A/C) -
on (up)

Go to EPS SSR-2, BAT BUS A(B)
reconfig for subsequent mn
bus ties

§xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx§

or

Rcd burn data

EMS FUNC - OFF
THC PWR -~ OFF
RHC PWR DIR (both) - OFF
If pan & map camr in stby mode
PAN CAMR PWR - OFF
MAP CAMR ON - OFF
SM/AC PWR -~ OFF
Chg bats, b4.5.3.5
If last MCC & lunar return, or
TLI abort
Go to Deorbit or Lunar Return
Veh Prep, L4.15.1, prior to
entry

If deorbit
Rcd burn data
Key 61E
Go to CM/SM Sep, L.15.2

230

181

Circuit breakers used to reconfigure for subsequent
bat bus operation and battery charging procedures in
place of opening (known) good main bus tie motor
switches.

Recorded burn data should include AV accomplished and
SPS propellant quantity remaining.

Recorded burn data should include AV accomplished.

(P40) G&N SPS THRUSTING
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STA/T STEP PROCEDURE PANEL REMARKS
h.13.2.2 (P4l) G&N SM-RCS Thrusting Computes preferred CSM attitude and preferred IMU
orientation for RCS thrust, and maneuvers CSM to
thrust attitude (R60).
CMC - on (req), 4.8.1.3
ISS - on & orient known (req),
4.8.1.3 & L.1h
SCS - on (req), 4.8.4.2 G&C circuit breakers on all panels should be closed
except as defined in Limited Use Controls, L.6.L.
Test C/W lamps
Prethrust prog (req), L4.12
Veh Prep (req), 4.13.1
DAP - Load & Activate, k.8.2.1
CDR 1l Set EVNT TMR to read 00:00 at GETI 1
CMP 2 Key V3TE OOE 2 1 POO updates state vector periodically.

3 Key V3TE L1E

Poss PROG alarm (4.8.1.16)

TFI available (prior to step 12) by keying V16 N3SE
or V16 NLOE.

RO2. If no alarms at this point (after R02 exited),
CMC computes initial thrust direction and initial
value of VG (local vertical), computes preferred IMU
orientation, sets PFRATFLG (preferred attitude flag)
and stores desired attitude for use in R60. Final
attitude computed in R60 and 0.5-degree deadband set
in RCS DAP.

JIOOGANVH SNOILVYAdO OTI0dV

4 If VG disp desired Display available until average G turned on (GETI
Key V06 NB1E minus 30 seconds).
VGX, Y, Z XXXX.X FPS
(Lel vert at GETI)
4.,13.2.2 (P41) G&N SM RCS THRUSTING
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® | STA/T STEP PROCEDURE PANEL REMARKS
5.
@ (R60, Attit.ie Maneuver) Maneuvers CSM to attitude stored in P4l. Maneuver
?,’r performed automatically by G&N, or manually with
optional final automatic G&N controlled trim
- maneuver,
~ICMP 5 FL VS0 N18 (sel CMC - auto) 2
;';‘ R, P, ¥ XXX.XX DEG Desired final gimbal angles.
[
L
= Establish Tot Att disp, 4.7.2.5 Both FDAIs should be selected to provide redundant
\_3 displays.
o
CDR Accept BMAG MODE (3) -~ RATE 2 1| Prevents BMAGs from hitting stops during maneuvers.
Q CMC Att Cont - auto, 4.7.1.6
o [CMP PRO 2| Initiates auto maneuver without a review of final
0’3 gimbal angles.
® |CDR Reject Sel desired Att Cont, 4.7.1
E Mnvr to thrust att
& | CMP ENTR, go to 8
6 Auto mnvr
V06 N18 (fnl att)
R, P, ¥ XXX.XX DEG
CDR,CMP Mon‘ FDAIs 1,2 ] CSM began maneuver to final attitude when PRO keyed
If RHC used or SCS sel, go to T in step 5. ICDU drives to achieve final gimbal
g angles. Refer to L4.6.1.3, note 1b.
T ,
og cMP T FL V50 N18 (att trim enbl) 2} Step should be completed prior to TIG -2 minutes.
R, P, Y XXX.XX DEG Display of final gimbal angles in registers.
CDR Accept BMAG MODE (3) - RATE 2 1
CMC Att Cont -~ auto, L4.7.1.6
f
1
P~
-3
F

(PL1) G&N SM RCS THRUSTING
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STA/T STEP PROCEDURE PANEL REMARKS
CMP PRO 2
Returns to V06 N18 disp of 6 Does not imply that any previous checks need be
repeated for each trim enable.
CDR Reject Sel desired Att Cont, L4.T7.1
Verify/mnvr to thrust att All RCS channels required for 3-axis translation.
CMP (V62E for tot att err disp)
CDR MAN ATT (3) - RATE CMD 1
BMAG MODE (3) - ATT 1/RATE 2
Align GDC to IMU if necessary, DSKY display option recommended because of its
4L.8.4.6 availability - only need to set ATT SET thumbwheels
to DSKY values and defer alignment until just prior
to thrust.
CMP ENTR (exit R60) 2
8 Mon VG disp
V06 N85 (VG vetr compnts)
VGX, Y, Z (cont) XXXX.X FPS Components resolved along CSM axes, and updated
at l-second intervals.
-05:00
9 1Ign prep Sets up nontime-critical switching required for
thrust. )
CDR Check boresight star 1l
For X axis thrust
THC PWR ~ on (up)
If orb change
AV Test & Null Bias Check, L4.7.6.1 For deorbit thrust, check accomplished during EMS
Entry Test, 4.15.1.3, if desired.
AV Setup, L4.7.6.2 Set to AV obtained from charts, P30, and/or MSFN.
h.13.2.2 (P4l) G&N SM RCS THRUSTING
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STA/T STEP PROCEDURE PAREL REMARKS
(R41, State Vector Integration)
-00:40
CMP 10 1If PROG 1t - on, CMC slipped TIG 2 | May illuminate between TIG -42.5 and -35 seconds.
DSKY Rl continues count to former TIG TIG slipped delta amount as required by CMC to
DSKY clears at new TIG -35 sec complete state vector integration.
COMP ACTY 1t - out (exit RL1)
-00:35 DSKY clears
-00:30
11 V16 N85 (ave G on) Static display with COMP ACTY light flash every
2 seconds,
-00:25
CDR THC - ARMED
CDR,CMP RHC (both) - ARMED
CDR LIM CYCLE -~ OFF 1] For SCS translations.
If deorbit
IMP TAPE RCDR FWD - FWD 3
CDR EMS MODE - NORM 1}L4.6.1.1, note 9.
00:00
12 RCS thrust
CMP FL V16 N85 (requests null VG) 2| Event Timer not valid if GETI slipped.
VGX, Y, Z (cont) XXXX.X FPS
CDR Man null VG » Comnand manual translations and rotations to null VG
: components,
If R30 desired
CMP Key V82E
Go to 13
To term Pkl
PRO
Go to 1k CMC sets last specified RO3 deadband in RCS DAP.

(Ph1l) G&N SM RCS THRUSTING
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STA/T STEP

PROCEDURE

REMARKS

(R30, Orbital Parameter Display)

CMP 13 FL V16 Nhk

Ha XXXX.X NM
Hp XXXX.X NM
TFF XXBXX MIN-SEC

If Hp >49.4 NM/5.8 WM
R3 = -59B59
PRO (exit R30)
Return to 12

14 Thrust complete

CDR

CDR,CMP

LMP
CDR

EMS MODE -~ STBY
Rcd AV ind
If orb change
EMS FUNC - OFF
THC PWR - OFF
RHC (both) - LOCKED
If deorbit
TAPE RCDR FWD - off (ctr)
THC ~ neut, LOCKED

CMP 15 FL V37

R30 displays automatically updated at 2-second
intervals if called because average G still on.

Altitudes above launch pad radius (earth orbit) or
lunar radius at most recently defined lunar landing
site (lunar orbit).

Time of free fall to 49.k NM (300,000 feet) above
launch pad radius (earth orbit) or 5.8 WM
(35,000 feet) above lunar radius at most recently
defined lunar landing site (lunar orbit).

If TFF = -59B59, time from perigee or perilune
available via N32E.

4.,6.1.1, note 9.

If average G on, ROO turns off average G, and zeros
rendezvous and VHF ranging mark counters. Otherwise
counters not zeroed. ROO also sets or resets, RNDZ,
TRACK, and UPDATE flags, depending on which programs
in progress or called. Under certain conditioms,
ROO may recycle into P20.

L.13.2.2

(PL1) G&N SM RCS THRUSTING
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® | STA/T STEP PROCEDURE PANEL REMARKS
St

) If orb change

% CMP Key XXE 2

If last MCC & lunar return, or

- TLI abort .
- Go to Deorbit or Lunar Return i
= Veh Prep, 4.15.1, prior to

E entry

Pt

3 or If deorbit

© Key 61E (if desired) P61 may be bypassed if hybrid or SCS deorbit.

Go to CM/SM Sep, L.15.2
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STA/T STEP PROCEDURE

PANEL

REMARKS

L.13.2.3 G&N Hybrid Deorbit Thrusting

Computes preferred CSM attitude and preferred IMU
orientation for RCS thrusting maneuver. Maneuvers

CSM to thrusting attitude (R60), and provides suffi-
cient displays for cutoff of both SM RCS burn followed

by CM RCS deorbit burn.

CMC - on (req), 4.8.1.3

ISE -hon & orient known (req), 4.8.1.3 &

.1

SCS - on (req), b4.8.k4.2 G&C circuit breakers on all panels should be closed
except as defined in Limited Use Controls, L4.6.k.

Test C/W 1lts

Prethrust prog (req), k.12

Veh Prep (req), 4.13.1

DAP - Load & Activate, 4.8.2.1

CDR 1 Set EVNT TMR to read 00:00 at GETI 1
CMP 2 Key V3TE L1E 2
Poss PROG alarm (4.8.1.16) RO2. 1If no alarms at this point (after RO2 exited),
CMC computes initial thrust direction and initial
value of VG (local vertical), computes preferred IMU
orientation, sets PFRATFLG (preferred attitude flag),
and stores desired attitude for use in R60. Final
attitude computed in R60 and 0.5-degree deadband set
in RCS DAP.
3 If VG disp desired Display available until average G turned on (GETI
Key V06 NB1E minus 30 seconds).
VGX, Y, Z XXX.X FPS
(lel vert at GETI)

h-13o2c3

G&N HYBRID DEORBIT THRUSTING
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STA/T STEP PROCEDURE PAREL
(R60, Attitude Maneuver)
CMP L4 FL V50 N18 (sel CMC - auto) 2
R, P, Y XXX.XX DEG
Establish Tot Att disp, 4.7.2.5
CDR Accept BMAG MODE (3) - RATE 2 1
CMC Att Cont - auto, L4.7.1.6
CMP PRO 2
CDR Reject Sel desired Att Cont, L4.T7.1°
CMP ENTR, go to T
5 Auto mnvr
V06 N18 (fnl att)
R, P, ¥ XXX.XX DEG
1CDR,CMP Mon FDAIls 1,2
If RHC used or SCS sel, go to 6
CMP 6 FL V50 N18 (att trim enbl) 2
R, P, Y XXX.XX DEG
CDR Accept BMAG MODE (3) - RATE 2 1
CMC Att Cont - auto, 4.T7.1.6
CMP PRO, return to 5 2

Maneuvers CSM to attitude stored in Phl. Maneuver
performed automatically by G&N, or manusally with an
optional final automatic G&N controlled trim
maneuver,

Both FDAIs should be selected to provide redundant
displays.

Prevents BMAGs from hitting stops during maneuvers.

Initiates auto maneuver without review of final
gimbal angles.

CSM began maneuver to final attitude when PRO keyed in
step 4. ICDU drives to achieve final gimbal angles.
Refer to 4.6.1.3, note 1b.

Step should be completed prior to TIG -2 minutes.
Display of final gimbal angles in registers.

G&N HYBRID DEORBIT THRUSTING
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STA/T STEP PROCEDURE PANEL REMARKS
CMP Reject Sel desired Att Cont, 4.7.1
Verify/mnvr to thrust att
(V62E for tot att err disp)
CDR MAN ATT (3) - RATE CMD 1
BMAG MODE (3) - ATT 1/RATE 2 DSKY display option recommended because of its
availability - only need to set ATT SET thumbwheels
to DSKY values and defer alignment until just prior
to thrust.
CMP ENTR (exit R60) 2
T Mon VG disp
V06 N85 (VG vctr compnts)
VGX, Y, 2 (cont) XXXX.X FPS Components resolved along CSM axes and updated at
l-second intervals.

LMp 8 Configure & preload bats Prepares for battery preloading prior to CM/SM
separation and verifies batteries transferred to
main buses.

CAUTION
If either bat bus A(B) current Assumes reconfiguration BAT A(B) and BAT C to MNA(B).
fails to incr after cycling MN
BUS TIE sws, configure bats to
mn buses using c¢b BAT C TO BAT
BUS A(B). 250
-10:00 MN BUS TIE BAT A/C - on (up) 5
Verify bat bus A current incr 3| Verification of current increase for appropriate
&/or bat volt decr battery bus via DC AMPS indicator (panel 3) confirms
MN BUS TIE BAT B/C - on (up) > | successful operation of main bus tie motor switches.
Verify bat bus B current incr 3| MN BUS TIE BAT A/C and B/C switches at on provide two
&/or bat volt decr batteries on line if circuit breaker MNA & B BAT C
(2) - open, or three batteries on line for deorbit and
entry if circuit breakers closed (panel 275).
4.13.2.3 G&N HYBRID DEORBIT THRUSTING
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STA/T STEP PROCEDURE PANEL REMARKS
~05:00
CDR 9 1Ign prep Sets up nontime-critical switching required for
THC PWR - on (up) 1| thrusting.
AV Setup, 4.7.6.2 Set to AV obtained from charts, P30, andfor MSFN.
(Rh1, State Vector Integration)
-00:40
CMP 10 If PROG 1t - on, CMC slipped TIG 2 | May illuminate between TIG -L2.5 and -35 seconds.
DSKY Rl continues counting to former TIG TIG slipped delta amount as required by CMC to
DSKY clears at new TIG -35 sec complete state vector integration.
COMP ACTY 1t - out (exit RLl)
-00:35 DSKY clears
-00:30 : :
11 V16 N85 (ave G on) Static display with COMP ACTY light flashing every
2 seconds.
-00:25
CDR,CMP RHC (both) - ARMED
CDR THC - ARMED
LIM CYCLE - OFF 1| For SCS translations.
MP TAPE RCDR FWD -~ FWD 3
CDR EMS MODE - NORM 1| k4.6.1.1, note 9.
00:00
CMP 12 SM RCS thrust
FL V16 N85 (request null VG) 2 | Event Timer not valid if GETI slipped.
VGX, Y, Z (cont) XXXX.X FPS
CDR Men null VG Command manual translation and rotation to null VG
Mon DSKY, AV ind, & EVNT TMR 1,2 | components.
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STA/T STEP

PROCEDURE PANEL REMARKS
C™MP Crew options
V83 - R, R dot, 6 2
V82 - Ha, Hp, TFF
13 SM RCS thrust complete
CDR EMS MODE - STBY 1| 4.6.1.1, note 9.
CMP Red DSKY, AV ind, & EVNT TMR values 1,2
CDR Reset EVNT TMR 1
THC -~ neut, LOCKED
14 Sel SCS Att Cont mode, 4.7.1 Separation follows immediately, preventing proper G&N
DAP operation until entry DAP selected in P62.
15 Perform Sep proced, 4.15.2 Separation at SM deorbit attitude saves time. Only
one minute allowed between burns.
16 Verify/mnvr to CM RCS deorbit att Both CM RCS systems should be enabled. CM RCS deorbit
R °, P °. Y ° portion completed with +X axis =70° below velocity
vector (apex down and forward); =110° +pitch maneuver
MAN ATT YAW, ROLL - RATE CMD from heads down, BEF, SM RCS portion of deorbit.
MAN ATT PITCH - ACCEL CMD
RATE - HI
ATT DBD -~MIN
CDR,CMP RHC (both) - ARMED
CDR FDAI SCALE - 5/5
CMP 17 Key V82E 2
FL V16 NLk
Ha XXX.X NM Altitudes above launch pad radius.
Hp OXX.X WM
TFF XXBXX MIN-SEC Time of free fall to 49.h NM (300,000 feet) above
lsunch pad radius.
4.13.2.3 G&N HYBRID DEORBIT THRUSTING
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STA/T STEP PROCEDURE PANEL REMARKS
CDR 18 EVNT TMR ind - SM RCS C/0 41 min 1| One minute after SM RCS cutoff, start CM RCS burn.
EMS MODE - NORM 4.6.1.1, note 9.
CMP RHC 1 - contin -pitch Negative pitch jJets have =25 to 30 percent less
CDR RHC 2 -~ pulse to maintain att in authority than positive jets because of jet location
pitch axis and thrust direction relative to CM c.g.
Mon FDAI
PRAXXXXXXXX XXX XX XXX XX XX XX AXAXKX LXK
If only 1 RHC
Pulse RHC + & - =5° pitch from
pitch retro att, maintaining
rates <3°/sec
X X
XXXXXXXXXXXXXX XXX XXX XXX XXX XXXXXXXXXX
CMP 19 Mon Hp & TFF on DSKY 2 | Monitor Event Timer for duration of thrust no greater
than 02:10 for either single or dual system. Conserve
CM RCS propellant reserves, 30 pounds each system for
entry. AV indicator cutoff cue must be adjusted to
account for EMS sensing axis (along X) being reversed
from SM RCS burn and biased off =70° from CM RCS
velocity vector. (AVems = AVem Cos T0°).
20 PRO
FL V16 N85S
VGX, Y, Z (cont) XXXX.X FPS
21 Thrust complete, AV ind = or 1
EVNT TR =
PRO 2
CDR MAN ATT (3) - RATE CMD 1
Red AV ind, DSKY, EVNT TMR 1,2

G&N HYBRID DEORBIT THRUSTING
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STA/T STEP PROCEDURE PANEL REMARKS
LMP TAPE RCDR FWD - off (ctr) 3
CDR ATT DBD - MAX 1
CMP 22 FL V3T 2
CDR EMS MODE - STBRY 1] L4.6.1.1, note 9.
CDR,CMP RHC (both) - LOCKED
23 Sel Att Cont mode, 4.7.1
Mnvr to entry att
R O’ P O, Y (o]
2k  Set up for CM RCS sys 1 Electrically isolates system 2 for entry. If problem
CDR AUTO RCS A/C ROLL (L) - OFF 8] develops in system 1, disable affected channel and
AUTO RCS CM 1 (6) - MNA or MNB use direct RCS control.
AUTO RCS CM 2 (6) - OFF
25 Go to G&N Entry, L.15.3
k.13.2.3 G&N HYBRID DEORBIT THRUSTING
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STA/T STEF

PROCEDURE

PANEL

REMARKS

937-7T Diseg

4.13.3 SCS THRUSTING

4.13.3.1 SCS SPS Thrusting

cMP

&

CMC - on (desired), 4.8.1.3

ISS - on & orient known (desired),
4.8.1.3 & L.1k

SCS - on (req), L.8.k.2

WARNING

Experiments must be retracted
prior to SPS thrust. Prevents
poss boom or track structural
failure.

Gamma ray & mass spectrometer booms, &
map camr tracks - retracted (req),
4.18.3.2, 4.18.3.4, & 4.18.3.6

If experiments S163 & S166 not complete
Pan camr boost mode - on (req),

4.18.9.1, step 1
Map camr stby mode - on (req),
4.18.12.2, step 1
Veh Prep (req), 4.13.1

AV Setup, Lk.7.6.2
Key V3TE OOE

Establish Tot Att disp, L4.7.2.5

SCS Att Mnvr to thrust att, 4.8.4.5

CMC and ISS on, and orientation known, necessary for

P47 monitor.

G&C circuit breakers on all panels should be closed
except as defined in Limited Use Controls, 4.6.h.

POO updates state vector periodically.

To obtain telemetry on BMAG attitude error, FDAI SEL
switch must be in 1 or 2 position (with SCS displays).

SCS SPS THRUSTING
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& | STA/T STEP PROCEDURE PANEL REMARKS
de
12)
] 5 Establish SCS Att Hold, L.T7.1.4 Limit cycle, maximum deadband and low rate should be
% CMP Check boresight star 2 | selected for propellant conservation.
6 Ign prep Sets up nontime-critical switching required for
= , thrusting.
& LMP SPS He VLV tb (both) - bp 3 | Barber pole indicates helium isolation valves closed.
K SPS He VLV (both) - AUTO
s CAUTION
3 If either bat bus A(B) current fails Assumes reconfiguration BAT C to MNA(B) for orbit
to incr after cycling MN BUS TIE sws, change; BAT A(B) and BAT C to MNA(B) for deorbit.
9! configure bats to mn buses using cb
> BAT C TO BAT BUS A(B) & cb MNA(B)
& BAT C as necessary. 250
o
g LMP
® 1-10:00 MN BUS TIE BAT A/C - on (up) 5
o Verify bat bus A current incr 3| Verification of current increase for appropriate
&/or bat voltage decr battery bus via DC AMPS indicator (panel 3) confirms
MN BUS TIE BAT B/C - on (up) 5> | successful operation of main bus tie motor switches.
Verify bat bus B current incr 3| MN BUS TIE BAT A/C and B/C switches at on provide
&/or bat voltage decr two batteries on line for orbit change if circuit
breakers MNA & B BAT C (2) - open, or three batteries
on line for deorbit and entry if circuit breakers
closed (panel 275).
g | CDR RHC PWR DIR (both) - OFF 1
o 8Cs TVC (2) - AUTO
o TVC GMBL DR (2) - AUTO
AV CG - LM/CSM or CSM
Establish Ull Sel, L.6.1
CMP T If P47 for thrust mon G&N monitoring highly desirable but not required.
- Key V3TE LTE 2| Refer to 4.8.1.6 for PU7 description.
;'; Poss PROG alarm (4.8.1.16) RO2.
—3
4.13.3.1 5CS SPS THRUSTING
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STA/T STEP PROCEDURE PANEL REMARKS
CMP FL V16 N83 2
AVX, Y, Z (cont) XXXX.X FPS
If desired
Key N62E
VI XXXXX. FPS Inertial velocity.
H dot XXXXX. FPS Altitude rate.
H pad XXXX.X NM Altitude above pad radius (earth orbit) or landing
site radius (lunar orbit).
KEY REL (to return to N83)
8 Gmbl drive & trim check PITCH and YAW GMBL caution/warning lights indicate
overcurrent to actuator motors.
CDR TVC SERVO PWR 1 - AC1l/MNA T
TVC SERVO PWR 2 - AC2/MNB
cb SPS PITCH 1 BAT A - close (verify) 8 | Remain closed from launch through first SPS thrust and
cb SPS YAW 1 BAT A - close (verify) closed again for each subsequent SPS thrusting.
THC PWR - on (up) 1
RHC PWR NORM 2 - AC Opens RHC 2 (commander's) breakout switch dc circuits
RHC 2 - ARMED to prevent loss of attitude reference. Prevents RCS
Jets from firing when RHC is used for MTVC check.
Normally, IGN 1 signal disables RCS pitch and yaw
channels 1 second after SPS engine ignitionm.
Prim TVC check 4.6.1.1, note 11.
-05:00 GMBL MOT Pl & Y1 - START START position is momentary.
Verify trim: cont on ind Gimbals drive in response to thumbwheel movement.
Verifies primary gimbal trim control.
Auto switchover check
THC - CW
RHC 2 - verify no MIVC
GMBL POS ind (4) - no motion Verifies TVC control switches from channel 1 to
channel 2 (which is off) when THC - CW selected.

SCS SPS THRUSTING
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STA/T STEP

PROCEDURE

PANEL

CDR

Sec TVC check
GMBL MOT P2 & Y2 -~ START
Verify trim cont

Verify MIVC
THC - neut

SPS GMBL tw (2) - set & confirm
fnl desired gmbl position

9 RHC PWR DIR (both) - MNA/MNB

RHC 2 - null att err

ATT DBD - MIN
RHC PWR NORM (both) - AC/DC
Check boresight star

CMP 10 2-min countdown

START position is momentary.
Verifies secondary gimbal trim control.

Gimbals drive in response to RHC movement, and return
to set-in values when RHC neutral. Verifies control
of secondary MIVC loops through RHC.

Gimbals trimmed in primary channel to thrusting
values (SCS modes).

Enables manual direct RCS for overriding a roll
automatic RCS failure during thrusting.

Needles can be used as error null reference during
MTVC contingency takeover from automatic AV mode.

Set to MIN as errors nulled.

-02:00 Report TF GETI = 2 min 2
CDR FDAI SCALE - 5/5 1
AV THRUST A(B) - NORM Guarded.
THC - ARMED
LIM CYCLE - OFF
If orb change
IMP UP TLM CMD - RSET, then NORM 3
PCM BIT RATE - HI
-00:30 TAPE RCDR FWD - FWD
CDR EMS MODE - NORM 1] 4.6.1.1, note 9.
h.13.3.1 SCS SPS TI'RUSTINC
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STA/T STEP PROCEDURE PANEL REMARKS

CDR

-00:29 No ullage required if SPS sump tanks full. CSM/IM or

to Perform ull (if req) CSM 2 or 4 jet ullage times defined in SNA-8-D-027

-00:06 CSM Data Book, Vol I. Exact velocity change not
critical - only steady ullage to settle SPS
propellants.

§xxxxxxxxxxxxxxxxxxxxxxxxxxx§
No ull
DIR ULL pb - push, hold 1] Direct ullage inhibits pitch and yaw auto RCS

RHC 2 -~ cont att

X X
XXXX XX XX XX XX XXX XAXX XXX XX XX XXX

11 Orb change ign
00:00 If ull present
THRUST ON pb - push
If no ull present
THC -~ +X, hold
THRUST ON pb - push
SPS THRUST 1t - on
IGN+1 sec RATE - HI

Discontinue ull
IGN
+2 to §
sec AV THRUST (2) - NORM (if desired)

Init ull
THRUST ON. pb - push

control. Attitude should be maintained manually.

Engine restart should not be attempted within
5 seconds from initial ignition - avoids undesirable
He pressure excursions.

Provides ullage discrete to SCS.

Bypasses noise problem in SCS gyro assemblies
because of thrusting vibration levels and provides
backup to auto selection of high rate in pitch

and yaw TVC.

For dual bank operation.

Ullage and THRUST ON pushbutton required to satisfy
S5CS logic for second bank operation.

8CS SPS THRUSTING
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PANEL REMARKS
§xxmxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx§
If no ign, or premature shutdown
AV THRUST (2) - NORM 1

Recycle 11

@r SPS THRUST - DIR ON
Recycle 11

or - Term mnvr

x X
EEXXXXXXXXX XXX XXX XXX XXX XXX XXX XXX XX XX XK

12 Deorbit ign

$PS THRUST - DIR ON

&PS THRUST 1t - on

IGN+] see BRATE - HI

XIXXXXXXXXXXXXXXXXXXXXXXXXX§

Lever lock.

Engine restart should not be attempted within
5 seconds from initial ignition to avoid undesirsable
He pressure excursions.

Bypasses noise problem in SCS gyro assemblies
because of thrusting vibration levels and provides
backup to automatic selection of high rate in pitch
and yaw TVC.

JOOHIANVH SNOILVYHdO OTI0dV
(2)=r=II NO0TE=-E0-VCHS

6NN

x
If no ign 4
AV THRUST (2) - NORM Guarded.
Recycle 12
or Term mnvr
§xXxxxxxxxxxxxxxxxxxxxxxxxx§
Discontinue ull
Icm
+H2 4t %
sec AV THRUST (2) - NORM Guarded.
.13.3.1 SCS SPS THRUSTING

THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM

l.m‘-“. A .




9je( dOIseyg

0L6T &Tnp LT

?j3eq a3ueyn

adedq

26—y

STA/T STEP PROCEDURE

PANEL REMARKS

13 Orb change SPS mon
CDR Pe ind ~ 95-105 psia

LMP SPS INJ VLV ind (2 or 4) - OPEN
SPS He VLV tb (both) - gray
SPS FUEL & OXID PRESS ind (2) -
170-195 psia
SPS OXID UNBAL ind - mon

SSXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX§

SPS OXID UNBAL ind erratic, pegged
or failed stationary
PUG MODE -~ AUX

SPS OXID UNBAL ind erratic, pegged
or failed stationary in prim &
aux modes

PUG MODE - NORM
SPS FUEL & OXID QTY ind (2) -
mon

SPS FUEL or OXID QTY ind erratic,
pegged or failed stationary
PUG MODE. - AUX

SPS FUEL or OXID QTY ind erratic,
pegged or failed stationary in
prim & aux modes

PUG MODE -~ NORM

X
gfxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

1] 65 to 125 percent green range on indicator corresponds
to psia. Normal range 95-105 psia.

31 A1l four injector valves open for dual-bank operation.

Gray indicates helium isolation valves open.

Prior to crossover, maintain unbalance near value at
vhich indicator first stabilizes after burn initia-~
tion. After crossover, maintain unbalance near zero.

Selects auxiliary PUGS for SPS OXID UNBAL indication.

OXID FLOW VLV INCR switch controls‘oxid/fuel mixture
ratio to maintain SPS OXID QTY indicator within
+0.L4 percent of SPS FUEL QTY indicator.

Probable loss of PUGS data.

SCS SPS THRUSTING

.
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STA/T STEP PROCEDURE

PANEL REMARKS

IMP OXID FLOW VLV INCR - as req
SPS OXID VLV tb - verify

%xxXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX§

No SPS OXID VLV tb response during
flow ad}j
OXID FLOW VLV INCR - NORM
Wait 6 sec
OXID FLOW VLV PRIM - SEC
OXID FLOW VLV INCR - as req
OXID FLOW VLV tb - verify

No 5PS OXID VLV tb response during
flow adj in prim & sec modes

CAUTION

Do not use sec oxid flow vlv with
prim vlv functioning properly.
Failure of sec vlv could result
in loss of prplnt management
capability.

OXID FLOW VLV INCR - NORM
Wait 6 sec

OXID FLOW VLV PRIM - PRIM
OXID FLOW VLV INCR - as req

X X
XXX XX XX XXX XXX XX XXX XX XXX XXX XXX XXX XX XXX

3| Switch position determined by SPS oxidizer unbalance.
Continue monitoring SPS OXID UNBAL indicator.

Continue monitoring SPS OXID UNBAL indicator and
control oxidizer flow with OXID FLOW VLV PRIM switch
in SEC position until thrusting completed.

Probable SPS OXID VLV talkback failure.

AOCOHANVH SNOILVIIJO OTT0dV
(2)=r=II M001E=£0-VCKS

SPS OXID UNBAL indicator trend may be used to confirm
valve position.

4.13.3.1
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[

Damp rates to IMU ball or out
window with RHC

us]
p STA/T STEP PROCEDURE PANEL REMARKS
eds
(¢]
U CAUTION AP between fuel and oxidizer should not exceed 20 psi
% during burn or degraded performance, rough combustion
If noncritical burn & AP >20 psi, and/or engine failure may result.
[
—~ {CDR AV THRUST (2) - OFF 1 | Guarded.
("
E} 1k Deorbit SPS mon SPS OXID UNBAL indicator erratic for sbout 25 seconds
s after ignition.
i} Pc ind - 95-105 psia
o |IMP SPS INJ VLV ind (4) - OPEN 3
SPS He VLV tb (both) - gray Gray indicates helium isolation valves open.
Q SPS FUEL & OXID PRESS ind (2) -
5 170-195 psia
&
® |CDR or
E IMP 15 FDAI - mon att err & rates 1,2
o
® §xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx§
CDR Ordb change MTVC tekeover
Pitch & yaw err & rates abnormal Backup procedure bypasses maximum possible failure
AV THRUST (2) - OFF 1} modes, thereby providing alternate means of completing

burn without troubleshooting.

Wy If no response Since a failure causing abnormal TVC and RCS attitude

0% Use dir RCS & disable affected control is not a failed-on jet, RCS disabling should

8) chan be done with MAN ATT switch to ACCEL CMD rather than
AUTO RCS switches OFF, thereby providing automatic
RCS control for reorientation.

E

]

P -

O

F —d

MOO9ANVH SNOILVIAJO OT10dV
(2)=r=II JO0TE~£0~VZHS

SCS SPS THRUSTING
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STA/T STEP

PROCEDURE

PANEL

REMARKS

CDR

IGN+2 to
5 sec

If rate needle{s) sbnormal
BMAG MODE -~ RATE 1

Reorient to thrust att

THC - CW

AV THRUST A(B) - NORM

Init ull

THRUST ON pb - push

or SPS THRUST -~ DIR ON
Fly MTVC (rate emd)

AV THRUET B(A) - NORM {if
desired)

Init ull
THRUST ON pb - push

or SPS THRUST - DIR ON

or Term mnvr

X X
PO 000008866008 8800000800880000800000000 0

%XxXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX§

Orb change roll err & rates abnormsl

& no roll att cont
MAN ATT ROLL - ACCEL CMD
RHC - cont roll rates

or AUTO RCS (16) - OFF
Cont roll using dir RCS

X X
00900000 00000086009060609000088000000000004

Guarded.

Lever lock.

For dual bank operation.

Ullage and THRUST ON pushbutton required to satisfy
8CS logie for second bank operation if SPS THRUST

switch not at DIPR ON.

Lever lock.

4.13.3.

1
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g STA/T STEP PROCEDURE REMARKS
=
E FXXXXXAXXXX XXX XXX XX XXX XXX XXX XXX LXK
@ |CDR Deorbit MIVC takeover
If err & rates abnormal Backup procedure bypasses maximum possible failure
Lt AV THRUST (2) - OFF modes, thereby providing an alternate means of
o Damp rates to IMU ball or out completing burn without troubleshooting.
E window with RHC
“ SPS THRUST - NORM Lever lock.
(=)
§ If no response Since a failure causing abnormal TVC and RCS attitude
Use dir RCS & disable control is not a failed-on jet, RCS disabling should
a affected chan be done with MAN ATT switch to ACCEL CMD rather than
o8 AUTO RCS switches ~ OFF, thereby providing automatic
& RCS control for reorientation.
< If rate needle(s) sbnormal
g BMAG MODE - RATE 1
a
s Reorient to thrust att
THC - CW
AV THRUST A(B) - NORM Guarded.
Init ull
SPS THRUST - DIR ON Lever lock.
Fly MTVC (rate cmd)
IGN+2 to
5 sec AV THRUST (2) - NORM Guarded.
i)
0% or Term mnvr
@ KRR K AR I XK KK LXK KKK XXX KX KK XXX KKEXK
=
1
vy
o

SCS SPS THRUSTING

P
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STA/T STEP

PROCEDURE

PANEL REMARKS

%XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX§

CDR

Deorbit no roll stt cont
MAN ATT ROLL - ACCEL CMD
RHC - cont roll rates

or AUTO RCS (16) - OFF
Cont roll using dir RCS

X X
P 0009060068 0000000080000000800006,4

16 Mon for SPS eng cutoff cue

AV ind - goes thru -0.1

&/or EVNT TR ind - 59:59 (-) thrust

duration

AV THRUST (2) - OFF

SPS THRUST - NORM

SPS THRUST 1t - out

For postorbit change free drift
MAN ATT (3) - ACCEL CMD

Report eng cutoff
Pe= 0

SPS INJ VLV ind (4) - CLOSE

SPS He VLV tb (both) - bp

17 Set cont after tailoff

CDR

CDR

GMBL MOT P2 & Y2 - OFF
GMBL MOT Pl & Y1 - OFF
EMS MODE - STBY
If orb change
PCM BIT RATE -~ LO
Red AV ind
TVC SERVO PWR (both) - OFF

1 | For suspected AV indicator failures, utilize Event
Timer to terminate SPS thrust manually. Timer
normally counts down from 59:59.

Guarded.
Lever lock.

(2)=r=II AD0TE=E0=VCHS

Barber pole indicates helium isolation valves closed.

JOO0HANVH SNOILVIHEJO OT10dV

11L4.6.1.1, note 11.

4,6.1.1, note 9.

—~ W

L.13.3.1
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STA/T STEP PROCEDURE

PAREL REMARKS

CDR

CDR,CMP
CDR
CMP

18
19

If orb change
cb SPS PITCH 1 BAT A -~ open
cb SPS YAW 1 BAT A - open
If deorbit
cb SPS PITCH (both) - open
cb SPS YAW (both) - open
ATT DBD -~ MAX
THC - LOCKED
If deorbit
TAPE RCDR FWD - off (ctr)
If orb change
RHC (both) - LOCKED
RHC PWR DIR (both) - OFF
(To re-zero registers, V32E)

PRO (exit PuLT)

FL V3T
Key XXE

If deorbit
Go to CM/SM Sep, k.15.2

If orb change
MN BUS TIE (2) - OFF
§xxxxxxxxxxxxxxxxxxxxxxxxxxxmxxxxxx§
If MN BUS TIE fail prior to thrust
Leave MN BUS TIE BAT B/c(A/C) -
on (up)
Go to EPS SSR-2 BAT BUS A(B)
reconfig for subsequent mn dbus
ties ~

X X
XXXXAXXXXAXXX XXX XXX XXX XX XX XXX XXXXXXXX

2| Provides capability to monitor another burn without
going through ROO.

When P47 termination desired.

Circuit breakers used to reconfigure for subsequent
bat bus operation and battery charging procedures in
place of opening (known) good main bus tie motor
switches.
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STA/T STEP FROCEDURE PANEL REMARKS
CDR EMS FUNC - OFF 1
If pan & map camr in stby mode
LMP PAN CAMR PWR - OFF 230
MAP CAMR ON - OFF
CMP SM/AC PWR -~ OFF 181
Charge bats, 4.5.3.5
If last MCC & lunar return, or
TLI abort
Go to Deorbit or Lunar Return
Veh Prep, 4.15.1, prior to
entry
h.13.3.1 SCS SPS THRUSTING
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STA/T STEP PROCEDURE PAREL REMARKS
4.13.3.2 SCS SM RCS Thrusting
CMC - on (desired), 4.8.1.3 CMC and ISS on, and orientation known, necessary for
ISS -~ on & orient known (desired), P4T monitor.
4.8.1.3 & 4.1k
SCS -~ on (req), 4.8.4.2
Veh Prep (req), 4.13.1
CMP Key V3TE OOE 21 POO updates state vector periodically.
Establish Tot Att disp, 4.7.2.5
Sel desired Att Cont, 4.7.1 All RCS channels required for 3-axis thrusting.
Mnvr to thrust att
Establish SCS Att Hold, 4.7.1.h Limit cycle, maximum deadband and low rate should
be selected for propellant conservation until prior
to thrusting.
-05:00
Check boresight star
For X-axis thrust EMS can monitor only X-axis thrusting.
If orb change
AV Test & Null Bias Check, L4.7.6.1 For deorbit thrust, AV Test & Null Bias Check
previously accomplished during Deorbit or Lunar
Return Vehicle Preparation, 4.15.1, if desired.
AV Setup, L4.7.6.2
If P47 for thrust mon G&N monitoring highly desirable, but not required.
Key V3TE WTE Refer to 4.8.1.6 for PWT description.
SCS SM RCS THRUSTING -

g
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STA/T STEP PROCEDURE PANEL REMARKS
CMP Poss PROG alarm (L4.8.1.16) 2 | rO2.
FL V16 N83
AVX, Y, Z (cont) XXXX.X FPS
If desired
Key N62E
VI XXXXX. FPS Inertial velocity.
H dot XXXXX. FPS Altitude rate,
H pad XXXX.X WM Altitude above pad radius (earth orbit) or landing
site radius (lunar orbit).
KEY REL (to return to N83)
-00:30
CDR,
CMP 8 RHC (both) - ARMED
CDR THC - ARMED
ATT DBD - MIN 1l
LIM CYCLE - OFF
ILMP If deorbit
TAPE RCDR FWD -~ FWD 3
CDR EMS MODE - NORM 1] 4.6.1.1, note 9.
00:00
9 Perform thrust by manually nulling
AV ind
10 EMS MODE - STBY 4L.,6.1.1, note 9.
Red AV compnts
If orb change
EMS FUNC - OFF
CDR,IMP RHC (both) - LOCKED

MO0 dNVH SNOILVYEJO 0OT70dV
()=r=I1 M00Td~£0-V2NS

4.13.3.2

5CS &M RCS THRUSTING
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STA/T STEP PROCEDURE PANEL REMARKS
CDR THC - neut, LOCKED
LMP If deorbit
TAPE RCDR FWD - off (ctr) 3
CMP (To re-zero registers, V32E) 2 | Provides capability to monitor another burn without

11

12

13

1k

PRO (exit PLT)

FL V37
Key XXE
If deorbit
Go to CM/SM Sep, 4.15.2
If lagt MCC & lunar return, or TLI abort

Go to Deorbit or Lunar Return Veh
Prep, 4.15.1, prior to entry

going through ROO.

ROO turns off average G.

SCS SM RCS THRUSTING
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STA/T STEP PROCEDURE PANEL REMARKS
4.,13.3.3 SCS Hybrid Deorbit Thrusting This procedure can be utilized for a pure CM RCS
deorbit by omitting steps 10 and 11.
CMC - on (desired), 4.8.1.3 CMC and ISS on, and orientation known, necessary for
ISS - on & orient known (desired), P4T monitor.
4,8.1.3 & L1k
SCS - on (req), 4.8.4.2
Veh Prep (req), 4.13.1
CMP Key V3TE OCE 2] POO updates state vector periodically.
Establish Tot Att disp, 4.7.2.5
Sel desired Att Cont, 4.7.1 Thrusting attitude for SM RCS portion of hybrid burn
Mnvr to thrust att is nominally a retrograde +X translation with heads
R °, P °. Y ° down and BEF.
Establish SCS Att Hold, L4.7.1.k Limit cycle, maximum deadband, and low rate should be
- selected for propellant conservation until prior to
thrusting.

MP Configure & preload bats Prepares for battery preloading prior to CM/SM
separation and verifies batteries transferred to
main buses,

CAUTION
If either bat bus A(B) current Assumes reconfiguration BAT A(B) and BAT C to MNA(B).
fails to incr after cycling MN
BUS TIE sws, configure bats to
mn buses using c¢b BAT C TO BAT
BUS A(B). 250

4,13.3.3
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STA/T STEP PROCEDURE PANEL REMARKS
LMP
~10:00 MN BUS TIE BAT A/C - on (up) 5
Verify bat bus A current iner 3] Verification of current increase for appropriate
&/or bat voltage decr battery bus via DC AMPS indicator (panel 3) confirms
MN BUS TIE BAT B/C - on (up) 5 ] successful operation of main bus tie motor switches.
Verify bat bus B current inecr 3| MN BUS TIE BAT A/C and B/C switches at on provide two
&/or bat voltage decr batteries on line if circuit breakers MEA & B BAT C
(2) - open, or three batteries on line for deorbit
and entry if circuit breaskers closed (panel 275).
-05:00
CMP € Check boresight star
T For X-axis thrust If G&N inoperative, X axis only direction AV can be
AV Setup, L4.7.6.2 measured.
8 1f P47 for thrust mon G&N monitoring desirable but not required. Refer to
Key V3TE L7TE 2] 4.8.1.6 for PUT description.
Poss PROG alarm (4.8.1.16) RO2.
FL V16 NB83
AVX, Y, Z (cont) XXXX.X FPS
If desired
Key N62E
VI XXXXX. FPS Inertial velocity.
H dot XXXXX. FPS “Altitude rate.
H pad XX . X NM Altitude above pad radius (earth orbit) or landing
site radius (lunar orbit).
KEY REL (to return to N83)

SCS HYBRID DEORBIT THRUSTING

THIS SbANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM

MOOHANVH SNOILVYIJO OT1I0dV

(2)=0=II IDOTI~EO=¥WZWS



aje(] oiseg

0L6T ATnp LT

sje( 28ueyn

a3edg

S0S-4

STA/T STEP PROCEDURE PANEL REMARKS
-00:30
CDR,
CMP 9 RHC (both) - ARMED
CDR THC -~ ARMED
ATT DBD - MIN 1
LIM CYCLE - OFF
IMP TAPE RCDR FWD - FWD 3
CDR EMS MODE - NORM 1] 4.6.1.1, note 9.
00:00
10 Perform SM. RCS: thrust
Mon AV ind or EVNT TMR ind
11 ©SM RCS thrust complete
EMS MODE - STBY 4.6.1.1, note 9.
Red AV ind, EVNT TMR ind
12 Sel SCS Att Cont mode, L4.7.1
13 Perform Sep proced, 4.15.2 Separation at SM deorbit attitude saves time.. Only
one minute allowed between burns.
14k Mnvr to CM RCS deorbit att 2] Both CM RCS systems should be enabled. CM RCS portion
R R °. Y ° completed with +X axis =T0° below velocity vector
Verify using external visual cues (apex down and forward); =110° +pitch maneuver from
MAN ATT ROLL, YAW - RATE CMD 1] heads down, BEF, SM RCS portion of deorbit.
MAN ATT PITCH - ACCEL CMD
RATE - HI
FDAI SCALE - 5/5
15 EVNT TMR ind - SM RCS C/0 41 min One minute after SM RCS cutoff, start CM RCS burn.
EMS MODE - NORM L.6.1.1, note 9.
L.13.3.3 SCS HYBRID DEORBIT THRUSTING

MOOHANVH SNOILVIIJO OTT0dV
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Key XXE
Go to SCS Entry, L.15.L4

STA/T STEP PROCEDURE PANEL REMARKS
CMP RHC 1 - contin -pitch 2| Negative pitch jets have =25 to 30 percent less
authority than positive jets because of jet location
CDR RHC 2 - pulse +pitch to maintain 1| and thrust direction relative to CM c.g.
att in 3 axes
ﬁxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx§
If only 1 RHC
Pulse RHC + & - =5° pitch from
pitch retro att, maintaining
rates <3°/sec
%xxxxxxxxxxxxxxxxﬁxxxxxxxxxxxxxxxxx§
16 Mon AV ind or EVNT TMR ind for AV ind cutoff cue must be adjusted to account for EMS
req value sensing axis (along X) being reversed from SM RCS burn
and biased off =T0° from CM RCS velocity vector.
: (AVems = AVem Cos 70°).
1T Term CM RCS deorbit burn
MAN ATT (3) - RATE CMD or ACCEL CMD
EMS MODE - STBY 4.6.1.1, note 9.
Red AV ind
THC - LOCKED
18 Set up for CM RCS Sys 1 Electrically isolates system 2 for entry. If a
AUTO RCS A/C ROLL (4) - OFF 8 | problem develops in system 1, disable affected
AUTO RCS CM 1 (6) - MNA or MNB channel and use direct RCS control.
AUTO RCS CM 2 (6) - OFF
CMP 19 PRO (exit PhT) 2
20 FL V37

JI0O0EANVH SNOILVYTEJO OT1T0dV
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STA/T STEP PROCEDURE PANEL REMARKS
L.1% ALIGNMENTS For general G&C operating data, refer to operating
notes, 4.6.1.
4.14.1 G&N ALIGNMENTS
k.1k.1.1 (P51/P53) IMU Orientation (P51) IMU Orientation Determination defines inertial
Determination orientation of IMU using opties. (P53) Alternate LOS
IMU Orientation Determination defines inertial
orientation of IMU using backup optical device (COAS).
P53 may also be used with failed optics or MARK pb.
CMC - on (req), 4.8.1.3
ISS - on (req), 4.8.1.3
SCS - on (desired), 4.8.4.2 Provides total attitude monitoring and attitude
control capsbility. Minimum impulse control using
RHC available (SCS & G&N) for sighting mark target
alignment.
CDR LOGIC 2/3 PWR - on (up) (req if no SCS) 7| Required for control and display functions.
Opt - on (req, P51), 4.8.1.h4 Opties required for P51; COAS used for P53.
COAS - calib (req, P53), 4.1k4.1.6
Att Cont (req), 4.7.1 Allows maneuvering, and provides inertial stability
of CSM to ensure accuracy of alignments.
Total Att Disp (req), 4.7.2.5 Both ISS and GDC attitude displays recommended for
monitoring of IMU coarse align and SC motion.
CMP 1 Key V3TE 51E/53E 2,140
Poss PROG alarm (4.8.1.16) RO2.
2 FL V50 RN25
00015 (trgt acq) Targets (celestial bodies).

SIOOEANVH SNOILVYZJO OT7I0dV

h.1k.1.1
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REMARKS

STA/T STEP PROCEDURE PAREL
CMP a. Desired att cont mode, 4.7.1
Mnvr to acq tgts, 1f necessary
PRO 2,140
If P51 go to 3
If P53 go to b
or b. To coarse align IMU to SC axes
ENTR (when att acpt)
Vil N22 (coarse align)
R, P, Y 000.00 DEG
NO ATT 1t -~ on, then out
Recycle 2
(R53, Sighting Mark Routine)
3 FL V51 (please mrk)
OPT ZERO - OFF 122

OPT MODE - MAN
Ctr trgt in SXT
MARK (on trgt), go to 6

(R56, Alternate LOS Sighting Mark Routine)

4 FL V06 N9k 2,140
SA XXX.XX DEG
TA | XX.XXX DEG

V16 N20 may be keyed in to monitor for impending
gimbal lock if operating from LEB where no FDAI
available.

Time and RCS fuel may be saved and subsequent IMU
alignment decisions greatly simplified if IMU left
inertially stabilized as close as possible to
orientation required for future CMC programs.

SCT may be used if reduced accuracy acceptable.

To perform sighting marks using COAS.

(P51/P53) IMU ORIENTATION DETERMINATION B

e

o “ . oy
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STA/T STEP PROCEDURE PANEL REMARKS
cMP Accept PRO 2,1k0
Reject Key V2LE
Load desired SA & TA Values obtained from COAS Calibration, 4.1k4.1.6.
Nominal SA and TA for COAS sightings are:
SA - 000.00 DEG
TA - 5T.470 DEG
5 FL V53 (please mrk)
RHC - ctr trgt in COAS reticle SCS minimum impulse mode is recommended.
ENTR, go to 6 CMC interprets ENTR as a mark. An inadvertent PRO
instead of ENTR will recycle FL VS3.
6 FL V50 N25
00016 (term mrks)
Accept PRO
Reject If P51, MARK REJ pb - push 122 } An unsatisfactory mark may be rejected by pressing

Return to 3

If P53, ENTR, return to 5

T FL VO1 NT1

Trgt code 000XX

Accept PRO

Poss OPR ERR
Recycles disp

2,1%0

MARK REJ pushbutton (P51) or ENTR (P53) anytime prior
to terminating marking sequence. 1In P51, possible
program alarms if marks rejected without prior marks
or if surplus marks made.

CMC interprets ENTR as a mark reject.

Target (celestial body) codes:

00 - Planet (any planet except Earth)
01 to 45 - Star

L6 - Sun
b7 - Earth
50 - Moon
Target code negative or >50.

h,1k.1.1

(P51/P53) IMU ORIENTATION DETERMINATION
THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM

AOOHANVH SNOILVYHJO OTTI0dV

(2)=r=II JY00Td~E0-V2HS

NORMAL/BACKUP



0L6T Anp LT P3IBQ O1sBg

o3eqg a8ueyn

o8eg

0TS~y

STA/T STEP PROCEDURE

PANEL

CMP

Reject Key V21E
Load trgt code

For trgt 2 (trgt code # 00)
P51, return to 3
P53, return to L

8 FL V06 N88 (planet only)
X, Y, Z - XXXXX

Accept PRO
Reject Key V25E
Load desired data

For trgt 2
P51, return to 3
P53, return to L

(RS54, Sighting Data Display Routine)

9 FL VO6 NO5

Sighting angle diff XXX. XX DEG

Accept PRO
Reject Key V32E, return to 2

10 FL V3T
Key XXE

11 If P51 and no P52
Opt Pwr Dovn, 4.8.1.k4

2,1k0

This flash will occur only if marks were made on a
planet. X, Y, Z - components of planet unit position
vector at present time.

Use on-board tables to determine planet position
vector at present time,

Tests accuracy of pair of target sightings.

CMC calculates and stores IMU orientation as REFSMMAT,

ROO.

(P51/P53) IMU ORIENTATION DETERMINATION

THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM

AOOHANVH SNOILVIAJO OT17T0dV

(2Y=r=IT ADOTL-E0~VZHS



aje( dIiseg

0L6T AInp LT

a3eq 23ueyn

a3eg

TT6-%

STA/T STEP PROCEDURE PANEL REMARKS
b.1k.1.2 (P52/P54) IMU Realign (P52) IMU Realign, and (P54) Alternate LOS IMU
Realign, aligns IMU from known orientation to one of
four orientations selected by crew. Sightings made
on two targets (celestial bodies) with optics in P52,
or with COAS in PS5k,
Orientation options available are:
e Preferred
e Nominal
e REFSMMAT
e Landing site
CMC - on (req), 4.8.1.3
ISS - on & orient known (req), 4.8.1.3
& L.1h
SCS - on (desired), 4.8.4.,2 Provides total attitude monitoring and attitude
control capability. Minimum impulse control using
RHC available (SCS & G&N) for sighting mark target
alignment.
CDR LOGIC 2/3 PWR - on (up) (req if no Scs) T| Required for control and display functions.
Optics - on (req, P52), 4.8.1.4 Optics required for P52; COAS used for PS5k.
COAS - calib (req, P54),4.14.1.6
Att Cont (req), 4.7.1 Allows maneuvering, and provides inertial stability
of CSM to ensure accuracy of alignments.
Tot Att Disp (req), 4.7.2.5 Both ISS and GDC attitude displays recommended for
monitoring of IMU coarse align and SC motion.
CMP 1 Key V3TE 52E/SLE 2,1k0

Poss PROG alarm (4.8.1.16)

RO2.

SIOOEANVH SNOILVYEJO OTI0dV
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(P52/P54) IMU REALIGN
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STA/T STEP PROCEDURE PANEL REMARKS
CMP 2 FL VOk NO6 2,140] If preferred orientation defined, R2 = 0000l. Other-
wise R2 = 00003 (REFSMMAT alignment).
Option code 00001
Option 0000X Options available are:
00001 - Preferred {operator ensures preferred
Accept PRO orientation defined)
Reject Key V22E 00002 - Nominal

Load desired option

a. If 00001 sel, go to 5

or b. If 00002 or 0004 sel, go to 3

or c. If 00003 sel, go to 8

3 FL V06 N3h
GET align 00XXX. HRS
000XX. MIN
0XX.XX SEC
Accept PRO
If option 2, go to 5
Reject Key V25E

Load desired GET align

4 FL Vo6 N89
Lat (+N)
Long/2 (+E)
Alt

Accept PRO
Reject Key

XX. XXX DEG
XX.XXX DEG
XXX.XX WM

V25E

Load correct coordinates

00003 - REFSMMAT
00004 - Landing site

GET align - Time at which nominal orientation defined.
Display initially 0, 0, O. If this value accepted,
nominal orientation will be defined for GET align
automatically selected as present time.

Stored landing site coordinates.

(P52/P54) IMU REALIGN

rg g
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STA/T STEP PROCEDURE

PANEL

CMP 5 FL V06 N22

R, P, Y XXX.XX DEG
Accept PRO
Reject Desired att cont mode,
b.7.1
Mnvr SC
Key V32E

Key V3TE XXE
Exit P52/P54

or
6 FL V50 N25
00013 (coarse align or pulse torque)

Coarse align
PRO, go to T

Pulse torque
ENTR

V16 N20 (present gmbl angles)
R, P, Y XXX.XX DEG

Go to 20

2,1k0

To obtain acceptable MCA.
V32E recycles to update gimbal angle display.

Selects coarse align R50 and allows auto optics
positioning.

To pulse torque gyros.
positioning.

Bypasses R50 and auto optics

If it appears that IMU will be torqued into gimbal
lock, maneuver should be performed to avoid condition.
If SC CONT at CMC and CMC MODE at AUTO or HOLD, the
DAP will maneuver vehicle to follow platform as it
moves. If N93 used for display, scaling of N93 will
not remain XX.XXX. Initially, N93 will display
proper values; thereafter, R2, then R3, and finally
Rl will diminish to zero as each gyro axis is

torqued.

b.1k.1.2
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STA/T STEP

PROCEDURE PANEL REMARKS
(R50, Coarse Align Routine)
T Verify coarse align complete If required gimbal angle change <1 degree, IMU
NO ATT 1+ - on, then out 2,140 will not be coarse-aligned.

Mon ball motion

8 FL V50 N25
00015 (trgt acq)

a, For CMC assist in sel
Desired att cont mode, 4.7.1
Mnvr to acq trgt

PRO

Poss FL V05 NO9
00405 (accept pair not
avail)
Mnvr until suitable trgt
acq
PRO, go to 9

or Key V32E, recycle 8

or b.  To bypass CMC sel

ENTR

After target acquisition, SCS minimum impulse
operation desirable for minimum fuel consumption
and reduction of vehicle rates to minimum.

CMC performs target selection routine. However, for
PS5k, since primary optics are not being used, selected
stars may not be acceptable for backup optics
sightings.

Crew manually acquires target.

(P52/P54) IMU REALIGN

ey
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STA/T STEP PROCEDURE

PANEL

CMP 9 FL VOl NTO
Trgt code 000XX

Accept If P52
OPT ZERO - OFF
OPT MODE - as desired
PRO

If PS5k
PRO

Poss OPR ERR
Recycles disp

Reject Key V21E
Load desired code

For P52
If trgt code # 00 &
OPT MODE - CMC, go to 11

or OPT MODE - MAN, go to 12

For P54
If trgt code # 00, go to 13

10 FL Vo6 N88 (planet only)
X, Y, Z « XXXXX

Accept If P52
PRO

If OPT MODE - MAN, go to 12

2,1k0

122

2,1k0

122

2,1k0

122

Target (celestial body) codes:
00 - Planet (any planet except Earth)
01 to 45 - Star

46 - Sun
47 - Earth
50 - Moon

Target code negative or >50.

X, Y, Z - Components of planet unit position vector

at present time.

L,14.1.2

(P52/P54) IMU REALIGN
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STA/T STEP PROCEDURE PANEL

If P5h
PRO, go to 13
Reject Key V2SE
Load desired data

CMP 2,140

(R52, Auto Optics Positioning Routine)

11 V06 N92 (desired opt angles)
SA XXX . XX DEG
TA XX.XXX DEG

Poss FL V05 NO9 (2 sec priority)
00L0ok (TA >90°)

a. Desired att cont
mode, 4.7.1
Mnvr to reduce TA

PRO

or b. Key V3LE
FL V37

Key XXE

If TA >50° & <90°
Desired att cont mode, 4.7.1

Mnvr to reduce TA

When sighting mrks are desired

OPT MODE - MAN 122

Use on~board tables to determine planet position at
present time.

Points SLOS of optics at selected target.

Optics will drive to acquire selected target. No

display if R52 reselected after R53 called.

If required optics angles not being displayed,
key V16 N92E to obtain display.

ROO.
If TA >50° and <90°, trunnion driven to upper limit
(=49.7754°) and held at this angle.

If required optics angles not being displayed,
key V16 N92E to obtain display.

Calls R53. To regain auto optics positioning, select
OPT MODE - CMC (prior to completion of R53).

(P52/P54) IMU REALIGN :

By

sy
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g.
@] . .
g (R53, Sighting Mark Routine)
o
CMP 12 FL VS1 (please mrk) 2,140
L] Ctr trgt in SXT SCT may be used if reduced accuracy acceptable.
E MARK (on trgt), go to 15 122
. (R56, Alternate LOS Sighting Mark Routine) To perform sighting marks using COAS. %
(%]
0 O
3 13 FL V06 N9k 2,140 t
SA XXX.XX DEG S
a TA XX.XXX DEG 2
1 91
5 Accept PRO H o
o Reject Key V2LE g ‘&’
o) Load desired SA & TA Values obtained from COAS Calibration, 4.14.1.6. a5
& Nominal SA and TA for COAS sightings are: 4 g
o SA - 000.00 DEG e
TA - 57.470 DEG 0 3
14 FL V53 (please mrk) E &
RHC - ctr trgt in COAS reticle SCS minimum impulse mode recommended. 2 o
ENTR CMC interprets ENTR as a mark. An inadvertent PRO 8
instead of ENTR will recycle FL V53. O
15 FL V50 N25 g
g 00016 (term mrks)
o
o Accept PRO
Reject If P52, MARK REJ pb - push 122 | An unsatisfactory mark may be rejected by pressing
Return to 12 MARK REJ pushbutton (P52) or ENTR (P54) anytime prior
to terminating marking sequence. 1In P52, possible
program alarms if marks rejected without prior marks
¥ or if surplus marks made.
e
-3
h.1k.1.2 (P52/P5k) IMU REALIGN
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STA/T STEP PROCEDURE

PAREL

REMARKS

CMP If PS5k, ENTR

Return to 14

16 FL VOl NT1
Trgt code

Accept PRO

Poss OPR ERR

000XX

Recycles disp

RejJect Key V21E
Load trgt code

If trgt code # 00
Return to 9 for trgt 2

17 FL V06 N88 (planet only)
X, ¥, 2

Accept PRO
Reject Key V2SE
Load desired data

Return to 9 for trgt 2

« KXXXX

2,140

CMC interprets ENTR as a mark reject.

Target (celestial body) codes:
00 - Plazet (any planet except Earth)
01 to 45 - Star

46 ~ Sun
4T - Earth
50 -~ Moon
Target code negative or >50.

This flash will occur only if marks were made on s

planet. X, Y, Z - Components of planet unit position
vector at present time.

Use on~board tables to determine planet position
vector at present time.
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STA/T STEP PROCEDURE

PANEL

REMARKS

(RS54, Sighting Data Display Routine)

CMP 18 FL V06 NOS

Sighting angle diff XXX.XX DEG

Accept PRO
Reject Key V32E, go to 20

(RS5, Gyro Torquing Routine)

19 FL V06 N93 (A gyro angles)

X, Y, 2 XX.XXX DEG

Accept PRO (gyros torqued)
Reject Key V32E, go to 20

or Key V3TE O0OE, go to 22

20 FL V50 N25
00014 (fine align check)

Accept PRO, return to 8

Reject ENTR

2,1k0

Tests accuracy of pair of target sightings.

Calculates and displays gyro torquing angles for

final (fine) alignment of inertial platform and to
torque gyros.

X, Y, Z Gyro - Angle through which each gyro must be
torqued to complete fine alignment. Once this step
is complete, CMC will reset preferred orientation

flag. If CMC MODE switch is at AUTO or HOLD during

R55, the DAP will maneuver CSM to follow platform as
it moves.

Pulse IRIGs through desired angle.
Do not torque gyros.

PRO repeats target sightings (R52 & R53) for P52;
(R56) for p5k sighting data test (RSk), and gyro
torquing (R55) to verify accuracy of alignment.

L.14.1.2
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STA/T STEP

PROCEDURE PANEL REMARKS

CMP 21 FL V37
Key XXE

22 If ps2

Opt Pwr Down, 4.8.1.4

2,140} ROO.

(P52/P54) IMU REALIGN
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» | STA/T STEP PROCEDURE PANEL REMARKS
E.
pt? 4.14.1.3 (V40 N20) Zero ICDU Extended Verb ® Ensures synchronization between ISS CDU counters
Y and CDU counters in CMC.
[ CMC - on (req), 4.8.1.3 e Terminates IMU coarse align mode and enters fine
. ISS - on (req), 4.8.1.3 align mode (inertial IMU).
=
&leMp 1 Key VO N2OE 2,140
G NO ATT 1t - OFF
=3 Wait 15 sec
o
a Poss OPR ERR If IMU stall routine in use.
o
g Poss PROG. alarm If ISS in coarse align mode with gimbal lock.
o Exit routine
o Key V05 NO9E (to verify alarm)
= 00206 (zero encode not
o allowed)
Key Vh1 N20OE, L4.1k.1.4

g
)
7
o
=
]
\
N
[

b.1k.1.3 (V40 N20) ZERO ICDU EXTEWDED VERB
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STA/T STEP PROCEDURE PANEL REMARKS
k.1h,1.4 (VW1 N20) Coarse Align ICDU Coarse aligns IMU to gimbal angles specified
Extended Verb by crew.
CMC - on (req), 4.8.1.3
ISS - on (req), 4.8.1.3
CMP 1 Key V41l N20E 2,1k0

Poss OPR ERR
Exit coarse align

2 FL V21 N22 (load CDU angles)
R, P, Y XXX.XX DEG

Accept ILoad desired angles
Reject V33E

DSKY - Vil
NO ATT 1t - on

Poss PROG alarm
Key V05 NO9E (to verify alarm)
00211 (error >2°)

To repeat coarse align
Key Vil N2OE

3 To extinguish NO ATT 1t & term
coarse align
Key V4O N20E
Wait 15 sec

or Vi2E

Occurs if another extended verb active, or if IMU
stall routine in use.

Registers initiélly blank.
4.6.1.3, note 3m.

NO ATT 1t will remain on even after gimbals have been
driven to specified angles.

Present and specified gimbal angles may be compared
by keying V16 N2OE and V16 N22E. Alternate method is
to key V62E (Mode 2) to display difference between
N20 and N22 on FDAI error needles.

Zero ICDU extended verb, 4.14.1.3.

Torque gyros extended verb, 4.8.3.2.

(V41 N20) COARSE ALIGN ICDU EXTENDED VERB
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OPT ZERO ~ OFF 122
OPT MODE - CMC

3 Key V41l N91E

Poss OPR ERR
Exit coarse align 0OCDUs

Poss PROG alarm
Key VO5 NO9E (to verify alarm)
00115 (OPT MODE not CMC)

2,140

OPT MODE - CMC 122
or 00117 (OPT not 2,1k0
avail)

Exit coarse align

4 FL v2l N92 (Load 0CDUs )
SA XXX.XX DEG
TA XX .XXX DEG

Accept Load desired SA & TA
Reject V33E

5 DSKY - vkl

6 Opt Pwr Down, 4.8.1.L

STA/T STEP PROCEDURE PANEL REMARKS
L.14.,1.5 (V41 N91) Coarse Align OCDU Drive optics to shaft and trunnion angles specified
Extended Verb by crew. Not permitted from start of drive test
until end of burn. (Ref note opposite 00117 alarm,
step 3.)
CMC - on (req), 4.8.1.3
Opt Pwr Up (req), 4.8.1.4
CMP 1 Key V3TE OOE 2,140} V41 N91 from POO only.

Occurs if another extended verb active,

OPR ERR 1t on.

This alarm code indicates that OCDUs are being used
by TVC DAP or gimbal drive test and that this
procedure cannot be performed. May occur from start
of drive test until end of burn.

Registers initially blank.

4.6.1.3, note 3m.
Key V16 N91E to monitor optics angles,

h.1k.1.5
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STA/T STEP PROCEDURE PAREL REMARKS
4.,14.1.6 1Inflight COAS Calibration Provides method for in-flight calibration of COAS
(i.e., equivalent shaft and trunnion angles).
CMC ~ on (req), 4.8.1.3 Spare COAS light bulbs (2) are stowed in volume U3.
ISS - on & orient known (req), When installing COAS on window mount, align (rotate
4.8.1.3 & 4.1k COAS barrel to detent) as indicated by arrow on decal.
SCS - on (req), 4.8.4.2
COAS filter installed (req) Filter used to reduce glare of reticle image when
sighting on low intensity targets.
1 Opt Pwr Up, 4.8.1.h
2 Sel Tot Att Disp, 4.7.2.5
CMP 3 Key V3TE 52E 2,1ko0
Poss PROG alarm gL4.8.1.16) RO2.
4 FL vok NO6
Option code 00001 If preferred slignment flag is set, R2 will display
00001. Otherwise, R2 will display 00003 (REFSMMAT
alignment ).
Option 0000X Options available are:
00001 - Preferred (operator ensures preferred
orientation defined)
00002 -~ Nominal
00003 - REFSMMAT
00004 - Landing site
Sel REFSMMAT orient (V22E, 3E)
PRO

INFLIGHT COAS CALIBRATION
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STA/T STEP PROCEDURE

PANEL

CMP 5 FL V50 N25
00015 (trgt acq)
Att Cont Mode, 4.7.1
Mnvr to acq trgt in COAS
ENTR

6 FL VOl NTO
Trgt code 000XxX

OPT ZERO -~ OFF

OPT MODE - CMC

ReJect Key V21E
Load trgt code of trgt
centered in COAS
Accept PRO

Poss OPR ERR
Recycles display

If trgt not a planet, go to 8

T FL V06 N88 (planet only)
X, Y, 2  XXXX
Accept  PRO
ReJect Key V2S5E
Load desired data

2,1k0

122

2,1k0

Target (celestial bodies).

Target codes:
00 - Planet (any planet except Earth)
01 to 45 - Star

46 - sun
47 - Earth
50 - Moon

Target code negative or >50.

X, Y, Z - Components of planet unit position vector

at present time.

AOCOHANVH SNOILVIEJO OT110dV
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STA/T STEP PROCEDURE

PANEL

(R52, Auto Optics Positioning Routine)

CMP 8 V06 N92
SA XXX .XX DEG
TA XX.XXX DEG

When trgt centered in COAS & SA &
TA relatively constant
Key VERB (to freeze disp)

Red SA & TA for use in
P53/P5L

KEY REL

Repeat 8

Accept

Reject

9 Opt Pwr Down, 4.8.1.h4

10 BSel new prog

2,140| Display will be updated every =0.5 second.

AOO0HANVH SNOILVIEJO 071704V

INFLIGHT COAS CALIBRATION
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STA/T STEP

PROCEDURE

PANEL

L.14.2 SCS ALIGNMENTS

L.14.2.1 Alternate SC Inertial Attitude

Determination and GDC Alignment

SCS - on (req), 4.8.4.2

1 Opt Pwr Up, 4.8.1.k4

2 Sel Tot Att, Att Err & Rate Disp for

scs, 4.7.2

3 Sel SCs Att Hold/Rate Cmd, L.T7.1.h4

CMP L4 Obtain 2 stars in SCT
Sel Opt Cont, 4.7.5.2
OHC - ctr star on R-line
OHC - ctr star in FOV
Hold star 1 in ctr of FOV

Hold star 2 on R line

CDR 5 BMAG MODE (3) - RATE 2
ATT DBD - MIN
BMAG MODE (3) - ATT 1/RATE 2

121

If IMU off, only FDAI 1 need be powered or selected.

For fuel conservation, max deadband preferred until
stars obtained.

OHC - Optics hand control.
Final adjustment required OPT COUPLING - DIRECT.

Minimum impulse control can be used to allow
positioning of stars on R line.

JI0O0€EANVH SNOILVIAJO OT1T0dV
(2)=r=II JM00TL~E0-VSNS

Stars must be kept aligned while BMAGs caged.

L.1hk.2.1

ALTERNATE SC INERTIAL ATTITUDE DETERMINATION AND GDC ALIGNMENT
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STA/T STEP PROCEDURE

PAREL REMARKS

ges=n

CMP 6 Read & rcd angles on trun & shft
ind(s) & xmit with star data to
MSFN

T Obtain inertial att values for ATT SET
tw from MSFN

8 Align GDC to MSFN values, 4.7.3

9 Opt Pwr Down, 4.8.1.h4

121

ALTERNATE SC INERTIAL ATTITUDE DETERMINATION AND GDC ALIGNMENT
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STA/T STEP PROCEDURE PANEL REMARKS
L.14.2.2 1Inplane GDC Alignment Provides method for aligning SCS attitude reference
system in orbital plane (+Y axis of reference along
CMC - on (req), 4.8.1.3 V x R). This allows use of ORDEAL on FDAI 2 with
ISS - on & orient known (req), IMU out of plane.
4.8.1.3 & L.1k
SCS - on (req), 4.8.k.2
1 Sel Tot Att Disp, 4.T7.2.5
CDR FDAI SEL - 1/2 1
CMP 2 Key V3TE 52E 2,1k0

Poss PROG alarm (4.8.1.16)

3 FL VOhk NO6
Option code
Option

Select nom option
Key V22E 2E

PRO

L FL V06 N34
GET align

00001
0000X

00XXX. HRS
000XX. MIN
OXX.XX SEC

RO2.

Options available are:
00001 - Preferred (operator ensures preferred
orientation defined)
00002 - Nominal
00003 REFSMMAT
00004 - Landing site

i

MOOYANVH SNOILVYAJO OT1I0dV
(2)=r-1I 30019~-E0-VZHS

GET align - Time at which vehicle position and
velocity vectors selected to define IMU local
vertical orientation.

b.14. 2.2

INPLANE GDC ALIGNMENT
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STA/T STEP PROCEDURE

PANEL

CMP

Establish Att Cont, 4.7.1 Selected to prevent drift between gimbail angle
calculation and GDC alignment.

Damp veh rates
PRO

FL V06 N22 IMU gimbal angles for desired IMU orientation at
R, P, Y XXX.XX DEG present SC attitude.

CDR ATT SET tw - ad)] to Euler angles 1

disp on DSKY

Mign GDC, 4.7.3

Sel new program

Key V25E
Load present time plus 10 min

2,140

INPLANE GDC ALIGNMENT
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® | STA/T STEP PROCEDURE PANEL REMARKS
(i‘}).
5 4.14.2.3 Backup GDC Alignment With COAS Aligns GDC without IMU, CMC or optics.
[=ai
o
8CS - on (req), L4.8.4.2 A more accurate alignment can be performed if COAS
= CMC - off or STBY (req) calibration procedure, 4.14.1.6, has been performed
< earlier and calibration information provided to MSFN
£ for use in computation of R, P and Y ALIGN.
<«
S CMP 1 Red following data from MSFN
3 GDC Align Values (step 2)
R ALIGN » P ALIGN
a Y ALIGN
o
g Boresight star data (step 13)
= Boresight star
o SPA ° SPA - Sight pitch angle
] SXp ° SXP - Star X position
o
Nav stars
Prim star (step 5)
Sec star (step 8) ‘
Star diff angle ° (step T) Star difference angle cannot exceed 35° since this
is maximum COAS field of view in piteh.
2 5CS att set for FDAI 1, 4.7.2.l4
CDR ATT SET tw - set R, P, Y ALIGN 1
Y
> 3 Install COAS & set reticle to Q° piteh
o
L Sel sCS att cont mode, 4.7.1
5 Mnvr to position prim star on
crosshairs of COAS reticle
=
i
N
[¥8)
[
b1k 2.3
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STA/T STEP

PROCEDURE

PANEL

CDR 6

10

11

12

13

Establish att hold with min P & Y dbd

Pitch COAS reticle up Star Angle
Diff value

Roll SC to place sec star on pitch axis
of COAS reticle

Establish att hold with min roll dbd
Repeat 3 through 9 as necessary

Align GDC, 4.7.3
GDC ALIGN pb - push, when stars
positioned, until err null on
FDAI 1

Mnvr to AV att
ATT SET tw - set to AV att
Mnvr
Null errors on FDAI

Perform Boresight Star ck

BACKUP GDC ALIGNMENT WITH COAS
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STA/T STEP PROCEDURE

PANEL

REMARKS

4L.14,3 BACKUP GDC AND/OR IMU ALIGNMENT

SCS - on (req), 4.8.4.2
CMC - off or STBY (for step 3a)

CMP 1 Red following data from MSFN
GDC Align Values (step 8)

R ALIGN » P ALIGN ,
Y ALIGN
SXTS data (step 10)
SXTS
SHAFT °
TRUN S

Boresight star data (step 4)
Boresight star
SPA o
SXP °

Nav stars (step T)
Prim star (0° mark on
R line of SCT reticle)
Sec star (R line)

2 1ISS att set for FDAI 1, hL.7.2.4

Aligns GDC and/or IMU without CMC.

SXTS - Sextant star.

SPA - Sight pitch angle.
SXP - Star X position.

0° and 0° allows SC to be rolled about boresight star

in T.

MOOHANVH SNOILVIIJO OTT10dV
()=r=II J00Td=E0-YSKHS

4.14.3

BACKUP GDC AND/OR IMU ALIGNMENT
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STA/T STEP PROCEDURE PANEL REMARKS
CMP 3 Cage IMU This step is bypassed, if only GDC aligned.
If IMU in stby
IMU PWR - on (up) 100 | Guarded.
(I™MU automatically cages) Occurs only if CMC off, or in STBY.
If IMU powered up
a, IMJ PWR - OFF Guarded.
Wait 5 min for gyros to run down
IMU PWR - on (up) Guarded.
CDR or b. ATT SET tw - set to 0°, 0°, Q° 1
Manvr SC to 0°, 0°, 0° & null IMU gimbal angles should be 0+5° before caging to
FDAI 1 errors avoid damaging gyros.
IMU CAGE - on (up) & hold until 11 Guarded.
Sel desired SCS Att Cont Mode, 4.7.1,
& mnvr to position boresight star
in COAS
Opt Pwr Up, 4.8.1.k
CMP Set opt to 0° shft & 352.5° trum, 4.7.5

OPT PWR - OFF

Mnvr to position stars in SCT

100

0° shaft and 352.5° trunnion places 0° mark of SCT
reticle along +Zsc axis.

Eliminates optics drift.

Roll SC around boresight star to acquire navigation
stars. After positioning primary star on 0° mark,

SC may be yawed about this star to prlace secondary

star on R line.

BACKUP GDC AND/OR IMU ALIGNMENT

iy

P
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STA/T STEP PROCEDURE

PANEL

COR 8

10

11

12

Align GDC

ATT SET tw - set to R, P, Y ALIGN
ATT SET - GDC

GDC ALIGN pb - push when stars

positioned, until err null on
FDAI 1

Mnvr to AV att

ATT SET tw -~ set to AV att
Mnvr

Null err on FDAI 1
Perform SXTS ck & adj SC att if
necessary
Uncage IMU
IMU CAGE ~ on (up) and rel

If 3b was used
IMU CAGE - rel

Opt Pwr Down, L4.8.1.4

ELEC PWR - GDC/ECA (required for GDC ALIGN) satisfied
by SCS Power Up, 4.8.k4.2.

With optics set to proper shaft and trunnion angles,

and SC at AV attitude, specified star should appear
in SXT. '

This frees IMU at 0°, 0°, 0°, (For deorbit, GDC will
be at 180°, 180°, 0°.)

4.14.3

BACKUP GDC AND/OR IMU ALIGNMENT
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STA/T STEP PROCEDURE

PANEL

L.15 ENTRY

4.15.1 DEORBIT OR LUNAR RETURN VEHICLE
PREPARATION

(Proced in 4.15.1.1 thru 4.15.1.% not
designated as "req" are optional)

Deorbit preparation applies to any deorbit (SPS or
RCS, pure or hybrid, whether G&N, SCS or manually
controlled) and should be done prior to deorbit
thrust to minimize crew workload between deorbit and

>
d
O
-
entry. For lunar return, preparation accomplished S
after final MCC and during coast period prior to SM
separation from CM. %
4.15.1.1 General System Management E
Cab Cold Soak Oper (GETI or EI Provides cabin heat-sink during entry. EI (entry g
minus 8 to 12 hrs), L4.5.4.13 interface) =400,000 feet. >
0
or If no cold-soak §
CMP SEC EVAP H20 CONT - AUTO (req) 382 5
' &
If lunar return O
CMC - On, h080103 g
ISS - on & orient known, 4.8.1.3 & k4.1k
SCS - on (req), 4.8.4.2
DAP Data Load - complete, 4.8.2.1
1 Obtain update & entry data from MSFN
L.i5.1.1 ) DEORBIT OR LUNAR RETURN VEHICLE PREPARATION
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STA/T STEP PROCEDURE

PANEL REMARKS
IMP 2 If deorbit
Configure TLM (req)
TAPE RCDR FWD - off (ctr) 3 | After MSFN dumps and rewinds tape recorder and returns

CMP

PCM BIT RATE -~ HI
UP TLM CMD - RSET, then NORM

Propul Sys Checks, 4.5.2.1 thru 4.5.2.3

3 If lunar return
Configure telcom (req)
VHF AM A - SIMPLEX
Propul Sys Checks, 4.5.2.2 & L4.,5.2.3

i EPS DC & AC checks, 4.5.3.3 & 4.5.3.4

PYRO BAT A & B >35 vdc (verify)

%xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxgc{

If PYRO BAT A(B) <35 vdc
cb PYRO A(B)/SEQ A(B) - open
cb BAT BUS A(B) TO PYRO BUS - close

X X
$009 0009000600 00000806000066000600000006064

5 ECS Mon Check, 4.5.k4,1

6 Stow gas separator cartridges (req)

Remove separator bags from stowage

Disconnect separstors from water
pistol & food prep unit

Place separators in stowage bags

Stow separators

250

352

DSE control to crew at last contact prior to deorbit,
TAPE RCDR FWD switch placed to off (center) and PCM
BIT RATE switch to HI.

DEORBIT OR LUNAR RETURN VEHICLE PREPARATION

[
3
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STA/T STEP PROCEDURE

PANEL

REMARKS

CMP T Stow loose gear (req)

8 Dry tunl If necessary, absordb water with towel. Condensed
moisture rains on crew,.
9 CMC Self-Check Proced, 4.8.1.7
10 DSKY Condition Lt Check, 4.8.3.1
11 C&WS Oper Check, 4.5.5.1
12 P52 IMU Align, L.1k.1.2
4.15.1.2 RSI Test and Alignment Permits testing EMS roll stability indicator (RSI)
and positioning to desired orientation for entry.
CDR FLEC PWR - GDC/ECA T
ATT SET - GDC 1
1 EMS ROLL - on (up)
GDC ALIGN pb ~ push, hold
ATT SET YAW tw - adj thru 45° angle, Avoid FDAI gimbal lock region.
observe RSI tracks ~45°, then position
RSI
GDC ALIGN pb - rel
EMS ROLL - OFF
2 ATT SET YAW tw - reset This step required only if GDC was aligned and
GDC ALIGN pb - push (32 sec max) realignment required.
4.15.1.3 EMS Entry Test Light illumination other than those listed indicates
a malfunction. Lift vector up (G >0.2) and down
(G <0.2) 1lights for entry from lunar mission only.
AV/EMS SET switch slews G-V scroll and sets RNG
indicator.

AOOYdNVH SNOILVIIdO OTI0dV
(2)-r£-II X00Td-£0-VSKHS

4.15.1.3 DEORBIT OR LUNAR RETURN VEHICLE PREPARATION
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STA/T STEP PROCEDURE PANEL REMARKS
1 1Init EMS prep
CDR EMS FUNC - OFF (Verify) 1
cb EMS (2) - close 8
EMS MODE - STBY 1

2 EMS FUNC - EMS TEST 1 (CCW)

Wait 5 sec

Adj alphanumeric brightness (option)

EMS MODE - NORM

Wait 10 sec min

All ind 1lts -~ out

RNG ind - 0.0

Slew scroll until hairline superimposed
on notch in next self-test pattern

3 EMS FUNC - EMS TEST 2
Wait 10 sec
.05 G 1t - on (all others out)

4 EMS FUNC - EMS TEST 3
.05 G 1t - on

Lift vector dn 1t - on (10 sec after
.05 G 1t)
Set RNG ind to 58.0ip.0 M

5 EMS FUNC - EMS TEST kL
.05 G 1t - on (all others out)
G-V trace (during 10 sec period) within
test pattern

Test 1 checks .05 G comparator lower trip-point.

Ten seconds should be allowed to verify no malfunc-
tions. No light on before or after 10 seconds.

EMS scroll can be slewed only one inch in reverse.

Test 2 checks .05 G comparator uppér trip-point.
No other light on before or after 10 seconds.

Test 3 checks corridor verification circuitry
associated with 1lift vector down light.

G <0.2.

RNG indicator displays minus sign for negative numbers

or no sign for positive numbers in most significant
digit.

Test 4 checks range-to-go integrator circuits,

range-to~go indicator, G-V servo circuits, and G-V
plotter.

DEORBIT OR LUNAR RETURN VEHICLE FREPARATION
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STA/T STEP PROCEDURE

PANEL

CDR After 10 sec, G-V trace stops at lower
right corner of test pattern at =9 G

RNG ind (during 10 sec period) counts
toward zero. After 10 sec, stops

at =0.0+0.2 G

6 EMS FUNC - EMS TEST 5

.05 G 1t - on

Lift vector up 1t - on (10 sec after
.05 G 1t)

RNG ind - 0.0

Scribe traces vert line =9 G to
0.2840.1 G & stops (trace within
test pattern)

Align G-V scroll to entry pattern
(hairline on 37K fps line)

T EMS FUNC - RNG SET
G-V traces vert line =0.28 G to
0.0+0.1 G & stops
If lunar return
Slew RNG ind to pred RTOGO from .05 G

8 EMS FUNC - Vo SET
CAUTION
Never slew scroll in incr direc-
tion more than 1500 fps. Ensures

range integrator remains slaved
to scroll velocity.

1

Test S5 checks corridor verification circuitry
associated with 1lift vector up light and enables
scroll slewing to start of entry pattern. After
scroll set to less than 37K fps, reselecting EMS
TEST 5 switch position not permitted; range integra-
tor and scroll synchronization would be lost.

h.15.1.3

DEORBIT OR LUNAR RETURN VEHICLE PREPARATION
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STA/T STEP PROCEDURE PANEL REMARKS
CDR Slew scroll until display index (arrow) 1] Scroll can be slewed only one inch in reverse. In
aligned to pred entry velocity Vo SET position, both initial velocity in range
integrator and scroll velocity change simultaneously.
9 AV Test & Null Bias Check, 4.7.6.1
4.15.1.% Systems Preparation
If suited
Press Suit Circuit & PGA Check at
5.0 psia, 4.5.k.9
ALL Mae Wests -~ donned
CMP EMER CAB PRESS sel - OFF 351
EXI or GETI
-1:00:00
1 CM RCS temp check
SYs TEST (2) - 5C, 5D, 6A, 6B, 6C, 6D 101 | Checks CM RCS 12, 1k, 16, 21, 24, and 25 jet
injector temperatures, respectively.
If lowest reading <3.9 vdc (28°F)
CDR cb CM RCS HTRS (both) - close 8
cb RCS LOGIC (2) - close
CM RCS LOGIC - on (up) 1
CMP CM RCS HTRS - on (up) for 20 min 101} Jet injector valve direct coils utilized for preheat-

2 URINE DUMP - QFF
3 VWASTE H20 DUMP - OFF
L Align RSI & GDC, 4.15.1.2

S If deorbit

Set FDAI 2 on ORB RATE & restow, 4.8.L4.8

ing all jets.

DEORBIT OR LUNAR RETURN VEHICLE PREPARATION
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2 [sra/m sep PROCEDURE PANEL REMARKS
@
(]
U |CMP 6 CM RCS heating completion (if accomplished)
?:T -40:00 CM RCS HTRS - OFF 101
o T Configure entry bats (req)
= Lmp cb MNA BAT C - close 275
E‘ cb MNB BAT C - close
%
= 8 If SPS deorbit
§ Cryo 02 & H2 Man Fan Opera, L4.5.3.10
CDR 9 Panel 8 - all cb closed except (req) 8
Q cb PL VENT FLT/PL - open
5 cb FLOAT BAG (all) - open
& cb EDS (all) - open
o cb CM RCS HTR (both) - open
o
% If lunar return
cb SPS PITCH (both) - open
cb SPS YAW (both) - open
10 Sequencer & CM RCS activation (req)
After MSFN AOS
SECS LOGIC (both) - on (up) Lever lock.
Report logic arm
ELS-AUTO - AUTO 1
? ELS LOGIC - on (up) Guarded.
0(3 After GO from MSFN
ELS AUTO - MAN
ELS LOGIC - OFF Guarded.
SECS PYRO ARM (2) - on (up) 8| Lever lock.
CMP CM RCS PRPLNT (both) - on (up) (verify) 21 On position is momentary.
F ol
N,
&
W

JI009AdNVH SNOILVYIdO OTTOdV

4.15.1.4

DEORBIT OR LUNAR RETURN VEHICLE PREPARATION
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STA/T STEP PROCEDURE

PANEL

REMARKS

CMP

CDR

CMP
CDR

11

12

13
1k

CM RCS PRPLNT tb (both) - gray

CM RCS PRESS -~ on (up)
RCS IND sel - CM 1, then 2
CM RCS He PRESS ind - 3300-3500 psia
(after =15 min)
CM RCS MANF PRESS ind - 287-302 psia

If deorbit
SM RCS SEC FUEL PRESS (4) - OPEN

RCS IND sel - SM A

If docking ring still in place (req)
CSM/LM FNL SEP (both) - on (up)

SECS PYRO ARM (2) - SAFE

If lunar return, test CM RCS Jjets
SC CONT - sCS
RCS TRNFR - CM
AUTO RCS CM 1 (6) - MNA
AUTO RCS CM 2 (6) - MNB
cb B/D ROLL, SCS PITCH & SCS YAW
MNA (3) - open
Test ring 2 jets
cb B/D ROLL, SCS PITCH & SCS YAW
MNA (3) - close
cb B/D ROLL, SCS PITCH & SCS YAW
MNB (3) - open

N -

Gray indicates fuel and oxidizer isolation valves
open,

Guarded. On position is momentary.

Imediately after pressurization, He pressure less
than 3300-3500 psis.

OPEN position is momentary. No talkbacks. Activates
secondary fuel tanks for possible SM RCS deorbit.

Guarded. On position is momentary. Jettisons
docking ring.

Lever lock.

CM position is momentary.

DEORBIT OR LUNAR RETURN VEHICLE PREPARATION
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STA/T STEP PROCEDURE PANEL REMARKS
CDR Test ring 1 jets
¢b B/D ROLL, SCS PITCH & SCS YAW 8
MNB (3) - close
CMP RCS TRNFR - SM 2| SM position is momentary.
CDR SC CONT - CMC 1
EI
-30:00
LMP 15 1If lunar return
TAPE RCDR FWD -~ REWIND 3
CMP 16 1If hatch counterbalance deactivated Side
for EVA (req) hatch
Activate counterbalance
mechanism, 4.5.7.3, step b
17 Strut unlock lanyard (2) - unstow &
attach handle ends to MDC (req)
18 1If SCS, sel POO
19 If deorbit
Go to THRUSTING, 4.13
20 If lunar return
Go to CM/SM Sep, k.15.2
4.,15.1.h4 DEORBIT OR LUNAR RETURN VEHICLE PREPARATION
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g’j STA/T STEP PROCEDURE PANEL REMARKS
3
> 4.15.2 CM/SM SEPARATION
Ll
® LMP 1 If SM RCS deorbit or lunar return Prepares for battery preloading prior to CM/SM
et separaticn and verifies batteries transferred to
= main buses. (Previously configured in SPS or
= Hybrid Deorbit Thrusting of L4.13.2.1, k.13.2.3,
Sy 4.,13.3.1 or 4.13.3.3.)
CAUTION
§ T —————
o If either bat bus A(B) current
fails to incr after cycling MN
Q BUS TIE switch, configure bats
4 to mn buses using cb BAT C TO
o BAT BUS A(B). 250
o
g ~12:00 MN BUS TIE BAT A/C - on (up) 5
P Verify bat bus A current inecr &/or Verification of current increase for appropriste
bat volt decr battery bus via DC AMPS indicator (panel 3)
MN BUS TIE BAT B/C - on (up) confirms successful operation of main bus tie motor
Verify bat bus B current incr &/or switches. MN BUS TIE BAT A/C and B/C switches at on
bat volt decr provide 2 batteries on line if c¢b MNA & B BAT C (2) -
open, or 3 batteries on line for entry if circuit
breakers closed (panel 275).
2 Configure RCS Assumes desired Attitude Control mode, L,7.1,
?~ CDR AUTO RCS B/D ROLL Bl & B2 - MNA 8 | previously selected.
® AUTO RCS B/D ROLL D1 & D2 - MNB
AUTO RCS PITCH A3 & C4 - MNB
AUTO RCS PITCH C3 & AL - MNA
AUTO RCS YAW B3 & D4 - MNA
AUTO RCS YAW D3 & BL - MNB
=
N
&
CM/SM SEPARATION
,
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STA/T STEP

PROCEDURE PANEL

REMARKS

CMP

SM RCS PRPLNT (4) - OPEN (verify) 2

SM RCS PRPLNT tb (8) - gray (verify)

SM RCS SEC FUEL PRESS (kL) - OPEN (verify)

3 Mnvr to sep att

CDR

If CMC cont
SC CONT - SCS 1

or CMC MODE - FREE

CMP 4 If earth orb

RCS TRNFR -~ CM 2
Test Jets

RCS TRNFR - SM

CDR 5 ATT DBD - MAX ‘ 1
RATE - HI

LMP 6 Configure telcom

VHF AM (2) - off (ctr) 3
S BD ANT OMNI A - C
S BD ANT OMNI - OMNI
If RCS deorbit
TAPE RCDR FWD - FWD

OPEN position is momentary. Opens 16 quad isolation
valves.

Gray indicates quad fuel and oxidizer isolation
valves open.

OPEN position is momentary. No talkbacks. Opens
helium isolation valves between quad helium
regulators and secondary fuel tanks.

Nominally deorbit burn attitude plus a 45° yaw out
of plane.

During separation, CSM RCS DAP acting upon CM would
produce undesirable rates.

If lunar mission, jets test fired in Deorbit or
Lunar Return Vehicle Preparation, 4.15.1.

Conserves propellant between separation and .05 G.

h.15.2

CM/SM SEPARATION
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STA/T STEP PROCEDURE PANEL REMARKS
IMP T Preload bats
-08:00 FC2 MNA - OFF 3
FC2 MNA tb ~ bp Barber pole indicates fuel cell not connected to bus.
-05:00 FC PUMPS (all) - OFF 5
CMP HI GAIN ANT PWR - OFF 2
8 Configure ECS
CDR PRIM GLY TO RAD - BYP (pull) 325
REPRESS PKG vlv - FILL 326 | Assures CM 02 supply full before CM/SM separation.
SURGE TK - ON (verify)
CMP 02 PRESS IND sw - SURGE TK 2
CRYO 02 PRESS 1 ind - 865-935 psia
CDR REPRESS PKG vlv - ON 326
SM 02 SUP vlv - OFF
LMP cb ECS RAD CONT/HTRS (2) - open 5
cb WASTE H20/URINE DUMP HTRS (2) - open
cb RAD HTRS OVLD (2) - open
CMP POT H20 HTR - OFF 2
CDR 9 Arm SECS
SECS LOGIC (both) - on (up) (verify) 8] SECS LOGIC and PYRO ARM lever lock switches required
SECS PYRO ARM (2) - on (up) for sequencing of separation and landing events.
CMP 10 PRPLNT DUMP - RCS CMD (verify) 2] Was set to RCS CMD 42 seconds after lift-off. CM
RCS activated in 4.15.1.L.
CDR EMS MODE - STBY (verify) 1| Should remain at STBY until just prior to entry
interface to preclude false .05 G sensing.
CMP 11 Sep from SM
00:00 CM/sSM SEP (both) - on (up) 2| Guarded. On position is momentary.

SM C/W 1ts - on
C/W CSM - CM

Low 1limit SM system lights on at separation.

CM/SM SEPARATION

£
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STA/T STEP PROCEDURE PANEL REMARKS
CDR MASTER ALARM pb/lt - on, push 1
CMP SM C/W 1ts - out 2

RCS TRNFR - CM
CDR CM RCS LOGIC - OFF

12 Sel Att Cont mode, 4.7.1
Mnvr to entry att (or to SM RCS deorbit
att if hybrid deorbit)
R , P , Y

13 Set up for CM/RCS sys 1 (omit for
hybrid deorbit)

AUTO RCS A/C ROLL (4) - OFF
AUTO RCS CM 1 (6) - MNA or MNB
AUTO RCS CM 2 (6) - OFF

14 Go to P61 Entry Prep, 4.15.3.1

or Go to SCS Entry, 4.15.h4

or If G&N Hybrid Deorbit, go to
4.13.2.3 (step 16)

or If SCS Hybrid Deorbit, go to
4.13.3.3 (step 1k)

CM position is momentary. Backup to automatic RCS
transfer,

Entry DAP not turned on.

G&N entry DAP will function with either one or both
CM/RCS systems enabled.

8| Electrically isolates CM RCS system 2 for entry. If
a problem develops in system 1, disable affected
channel and use direct RCS control.
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STA/T STEP PROCEDURE

PANEL

4.15.3 G&N ENTRY

4.15.3.1 P61 Entry Preparation

CMP 1

or

Required
CMC - on, 4.8.1.3
ISS -~ on & orient known, 4.8.1.3 & 4.1k
SCS -~ on, 4.8.h4.2

DSKY - P61 (sel at end of deorbit burn)
Key V3TE 61E
Poss PROG alarm (4.8.1.16)
(Rh1 - State Vector Integration)
COMP ACTY 1t - on (RbL1)
COMP ACTY 1t -~ flashes every 2 sec
(ave G on)
Poss PROG alarm

V05 NO9 (10 sec)
01427 (IMU reversed)

or 01426 (IMU unsatisfactory
for entry)

Displays predicted entry interface parameters and
obtains EMS initialization parameters for comparison
with MSFN values.

RO2.

Indicates state vector integration in process.
Indicates integration complete, and average G on.

Zero roll on FDAI is lift-down. -Ysm within 30° of
V x R. Alarm 01427 always displayed following PLO

or Phl deorbit if platform aligned to preferred

orientation computed in PLO or Phil.

Neither +Ysm or -Ysm within 30° of V x R.

P61 ENTRY PREPARATION
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» STA/T STEP PROCEDURE PANEL REMARKS
f(—;-
O |CMP 2 FL V06 N61 2
% Impact Lat (+N) XXX.XX DEG Latitude and longitude of desired impact point.
Impact Long (+E) XXX.XX DEG
s Hds Up/Dn (+up) +/~00001 Heads up/down defines entry roll attitude.
-3
= Accept PRO
g’;‘ Reject V25E, load desired values Normally, these values loaded prior to deorbit.
[
9 3 FL V06 N60O (entry data)
© G max XX.XX G Predicted maximum G level for an entry at nominal
bank angle (L/D = 0.18)
O
3‘ V pred XXXXX. FPS Predicted inertial velocity at entry interface
s (65.8 NM, 400,000 feet) above Fischer ellipsoid.
o
E Gamma EI XXX.XX DEG Flight path angle (between inertial velocity vector
e and local horizontal) at 65.8 NM (400,000 feet)
above Fischer ellipsoid. Minus indicates flight
path below horizontal plane.
Rcd values
PRO
L FL V16 N63 Display relative to erasable preloaded altitude
g value above Fischer ellipsoid.
[
by RTOGO (.05 G to splash) XXXX.X NM Range to go from preloaded erasable altitude value
to splash.
VIO (at .05 G) XXXXX. FPS Predicted inertial velocity at preloaded altitude
value.
&
]
\n
\Jt
—

k.15.3.1
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STA/T STEP PROCEDURE PANEL REMARKS
CMP TFE (time from .05 G) XXBXX MIN-SEC 2 | Predicted time from now to preloaded altitude value
(updated every 2 seconds). Predicts about 3 minutes
longer than actual, following hybrid deorbit when
called half hour before .05 G. Error varies,
depending on how early P61 called after deorbit.
59B59 maximum reading (-above, +below).
Rcd & compare with MSFN
CDR EMS MODE - STBY 1
EMS FUNC - RNG SET (CW) Do not go through EMS TEST positions.
Set RNG ind - RTOGO from .05 G Range to go from preloaded value to splashdown.
(MSFN value)
Align scroll Vo to exact entry velocity Predicted entry velocity may have been preset in EMS
(if req) Entry Test, 4.15.1.3. Scroll can be slewed only one
inch in reverse. In Vo SET position, both initial
velocity in range integrator and scroll velocity
change simultaneously.
EMS FUNC - ENTRY
CMP Accept PRO (exit P61)

P61l calls P62
Go to G&N Entry, 4.15.3.2
Reject V32E, recycle to 3

Obtains new state vector and updated N60.

JIOOEANVH SNOILVYAJO OTTIOdV

P61 ENTRY PREPARATION
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STA/T STEP PROCEDURE PANEL

L.15.3.2 P62, P63, P6L, P65, P66, P67 Entry

Required
CMC - on, 4.8.1.3
ISS -~ on & orient known, 4.8.1.3 & kL.1h
SCS - on, L4.8.4.2
CMP 1 DSKY - P62 2
Auto sel by P61l (bypasses state vetr
extrapolation reqt)

or If FL V37

Key 62E

or Key V3TE 62E (ave G reinitiated)
Poss PROG alarm (4.8.1.16)
(Rh1 - State Vector Integration)

COMP ACTY 1t - on (RL1)
COMP ACTY 1t - flash every 2 sec (ave G on)

Poss PROG alarm
V05 NO9 (10 sec)
01427 (IMU reversed)

or 01426 (IMU unsatisfactory
for entry)

RO2.
RL1 bypassed if P62 called by P6l.

Indicates integration in process.
Indicates integration complete, and average G on.

Zero roll on FDAI is lift-down. -Ysm within 30° of
V x R. Alarm 01b427 always displayed following P40 or
PUl deorbit if platform aligned to preferred orienta-
tion computed in PL0O or Phl.

Neither +Ysm or -Ysm within 30° of V x R.

4.15.3.2
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® | STA/T STEP PROCFEDURE PANEL REMARKS
S
O (CMP 2 FL V50 N25 2
% 00041 (request CM/SM sep) If CM and SM not separated prior to this step, sepa-
ration should be accomplished now per 4.15.2., V3Ts
W inhibited after response to this display, except P00;
= programs not requiring DAP control may then be
& selected from P00. P62 should be reselected before
& entry into atmosphere because average G terminates by
§§ going to POO.
© 3 PRO Starts entry DAP. Roll attitude error scaling
changed in G&N for compatibility with 50/15/50/10

Q) FDAI scale position. After PRO and until 50/15/50/10
B selected, full scale roll error 20°, not 5°.
o 4 FL V06 N61
® Impact lat (+N) XXX.XX DEG Latitude and longitude of desired impact point.
g Impact long (+E) XXX.XX DEG
g Hds up/down (+Hds up) +/-00001 Defines entry roll attitude.

Accept FPRO

If o <U5° - DSKY P63, If a within 45° of (-) velocity vector, P63
go to 6 automatically called.
Relect V25E, load new data
5 V06 N22 (mon) Final gimbal angles at EI. Display bypassed and

- R, P, Y XXX.XX DEG P63 called if o within L45°,
‘% If o >khs°

21 sec after o <45°, DSKY P63

6 ORDEAL Pitch - __ ° (Hds up) IMU inertial attitude on FDAI 1 and ORDEAL local
ORDEAL Pitch - _ ° (Hds down) vertical attitude on FDAI 2.

=
3 T DSKY - P63
\Nn
P =

JOOYANVH SNOILVYIdO OTI0dVY
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STA/T STEP PROCEDURE PANEL REMARKS
CDR 8 After CM/SM sep & CM stab at entry att
EMS MODE - NORM 1| Left in STBY until after separation and stabilization;

if no postburn update, and for RCS deorbit, start EMS
by positioning EMS MODE from STBY to BU at MSFN

supplied value of RET .05 G. Also refer to 4.6.1.1,
note 9.
ATT DBD - MAX
RATE - HI
FDAI SCALE - as desired
CDR ,CMP Mon FDAIs & RSI 1,2
§xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx§
CDR If abnormal veh dynamics This procedure sequence minimizes failure isolation
Damp rates with dir RCS time. (Another functionally acceptable method
RHC PWR DIR (both) - OFF 1| disables AUTO RCS switches first, then RHC direct
power. )
If abnormal veh dynamics continue
RHC PWR DIR (both) - MNA/MNB
Damp rates with dir RCS
AUTO RCS (affected axis) - OFF 8
Continue with dir RCS (affected axis)
B KX RE XK KK KX KK XK XXX KX XA KKK XKL KKK KKK KLR
CMP 9 V06 N64 (mon) 2] N68 and NT4 available if desired.
Drag accel XX.XX G
VI XXXXX. FPS Inertial velocity (nominal).
Range to splash XXXX.X WM Range to go to desired splashpoint located at
(+ overshoot) calculated impact time (decreasing). Display
bypassed on first 2-second cycle.

h.15.3.2
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STA/T STEP PROCEDURE PANEL REMARKS

LMP

CDR

CMP

CDR

PCM BIT RATE - HI 3
TAPE RCDR RCD - RCD

TAPE RCDR FWD -~ FWD

BMAG MODE (3) - RATE 2 1| Cages attitude BMAGs. Prevents SCS-driven FDAI roll
stability indicator from jumping when GAl BMAGs
automatically cage at .05 G.

MAN ATT (3) - RATE CMD Configuration required for auto G&N entry and normally
SC CONT ~ CMC selected at last status check prior to .05 G.

CMC MODE - AUTO, HOLD, or FREE Entry DAP does not look at CMC MODE switch.

DSKY -~ P64 (at .05 G) 2] CMC changes Entry DAP from attitude hold in alpha and
beta to rate damping in pitch and yaw (rol1
unchanged) .

.05 G sw - on (up) 1} .05 G and EMS ROLL switches should be placed on
EMS ROLL - on (up) simultaneously to minimize EMS error.
.05 G 1t - on .05 G 1t will not necessarily occur simultaneously

with P6k on DSKY.
]:Exxxxxxxxxxxxxxxxxxxxxxxmcxxxxxxxxxxxxz)g

If no .05 G indication by RET .05 G
+3 sec :
EMS MODE - BU

At .05 G +10 seconds, one 1lift vector light will come
on; disregard light.

X X
AXXXX XX XX XX XX XXX XXX XXX XXX XX XXX XXX XXX KKK

Scroll slews to left
BRNG ind decr

MOOEYAaNVH SNOILVYIdO OTT10d4dV

P62, P63, P6W, P65, P66, P6ET ENTRY
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STA/T STEP FROCEDURE PANEL REMARKS
CMP 10 V06 NT4 (mon) 2 | N6k and N68 available if desired.
Beta XXX.XX DEG Commanded bank angle.
VI XXXXX. FPS Inertial velocity (decreasing).
Drag accel XXX.XX G Drag acceleration (increasing).
Compare RSI & ball for 1lift vetr 1] Violation of an EMS G onset ray should be followed
G-V plot within limits by an orientation to 1lift vector up. Violation
of an EMS G offset ray should be followed by an
orientation to 1ift vector down. If at point of
tangency, G&N not commanding lift-up or lift-down,
menually orient CM and terminate G&N steering.
11 If DSKY - P67 2| P64 calls P67 at 0.2 G if VI at .05 G (step 10)
Go to 18 <2TK fps. Entry velocities >27K fps are possible
from RCS deorbits.
12 DSKY - P65 (entry up-cont) P65 not applicable to low earth orbital mission.
Indicates VI >27K fps & constant drag Executes entry up-control guidance, which steers CM
cont has brought range prediction to calculated reference trajectory, and establishes
to within 25 NM of desired range entry up-control displays for crew use with EMS to
determine whether backup procedures should be
implemented. Also selects entry-~ballistic phase
program (P66) if D <DL (~0.196 G) sensed, or selects
final phase program (P67) if D >DL (=0.196 G) sensed,
R dot negative, and V sufficiently low.
CDR EMS disp - approach DSKY disp DL & VL 1
CMP 13 FL V16 N69 (computed exit conditions) 2
Beta XXX.XX DEG Commanded bank angle.
DL XX.XX G Drag acceleration at end of up control.
VL XXX, FPS Velocity at end of up control.
4.15.3.2 P62, P63, P6h, P65, P66, P6T ENTRY
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STA/T STEP PROCEDURE PANEL REMARKS
CMP Recd data for later use with EMS
PRO 2 | N69 may be terminated by PRO, or selection of either
P66 or P67 by entry guidance provides automatic
termination.
FDAI att err deg
rates deg/sec
1k V06 NTL N6t and N68 available if desired.
Beta XX.XX DEG
VI XXXXX. FPS
Drag accel XX.XX G
15 If DSKY - P67 P6T occurs if drag >DL, R dot negative, and V
. Go to 18 sufficiently low.
16 DSKY - P66 (entry-ballistic) Automatically selected by P65 when D <DL (=0.196 G).
Not applicable to low earth orbit mission. N6k, N68,
NTh available if desired.
Maintains CM attitude during ballistic (skipout)
phase for atmospheric re-entry and selects P67 when
re-entry (drag acceleration builds up to QTF +0.5 fps
squared, =0.2 G) sensed.
17 V06 N22 (desired gmbl angles)

R, P, Y

XXX.XX DEG

Check FDAI tot att = DSKY values

FDAI att err <

rates <

(Three-axis DAP cont regained when <.05 G
sensed, & relinquished when .05 G again

sensed)

deg

deg/sec

P62, P63, PEh, P65, P66, P6T ENTRY
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STA/T STEP PROCEDURE

PANEL

CMP
6.2 G

18 DSKY - P67 2 | P6T continues entry guidance from =0.2 G until
CDR EMS - 0.2 G (if 10 sec since .05 G) 1} termination of steering when CM velocity with
respect to earth = 1000 ft/sec (=10.7 NM altitude).
N6k, N68, and NTh available if desired.
CMP 19 V06 N66 (mon) 2
Beta XXX.XX DEG Commanded bank angle (-command will correct for
+ cross range error).
CRSRNG ERR XXXX.X NM CMC solution for cross range error (+ target south
of direction of motion).
DWNRNG ERR XXXX.X NM CMC solution for down range error (decreasing); + is
overshoot. 9999.9 after overshoot of target.
Key VERB (freeze disp)
Compare DWNRNG ERR to pad data
(DWNRNG ERR within 100 NM of
pad data)
§xxxxxxxkxxxxxxxxxxxxxxxxxxxxxxxxx§
If DWNRNG ERR not within 100 NM
CDR Maintain BBA entry
§xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx%
CMP KEY REL (reinstates V06 N66 mon)
CDR Fly roll cmd 1
Mon lift vetr on RSI & ball
L.,15.3.2 P62, P63, P6W, P65, P66, P6T ENTRY
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STA/T STEP PROCEDURE

PANEL REMARKS
CMP 20 FL V16 N67 (mon) 2
Range to splash XXXX.X NM Range to go to desired splashpoint (+ is overshoot).
(+ overshoot)
Lat present position XXX.XX DEG Latitude and longitude of present position.
(+N)
Long present position XXX .XX DEG
(+E)
(V REL = 1000 fps at =65K')
If R1 = -, lift-up; +, lift-down
CDR Mon altimeter 1

Red lat, long, & voice to RECY at 10K’
Red EMS RTOGO

EMS MODE ~ STBY

EMS FUNC -~ OFF

21 Go to Earth Ldg Phase (<S0K'), L4.16

P62, P63, P6L, P65, P66, P6T ENTRY
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E’d STA/T STEP PROCEDURE PANEL REMARKS
2.
)
) L.15.4 sCS ENTRY Assumes CM and SM separated. During entry, do not
B "fly to" a pegged rate needle. For this contingency,
® control to operational attitude ball or out-the-
t—* window visual cues.
=3 CMC - on (desired), 4.8.1.3
[ ISS - on & orient known (desired), 4.8.1.3
£
= & b1k >
H SCS - on (reg), 4.8.4.2 ’-U
o) RSI aligned, L4.15.1.2 e}
—3
o -
CDR 1 Verify/mnvr to entry att ' SCS acceleration command recommended until .05 G for S w0
Q failure takeover considerations. o :é
4 1
q% EMS Entry Test, 4.15.1.3 May have been done during Deorbit or Lunar Return 'tg S
® Vehicle Preparation, 4.15.1. g &
) 2 EMS MODE - STBY 1 R
2 EMS FUNC - RNG SET (CW) Do not go through EMS TEST positions. The following [~
@ steps to be done as soon as possible after deorbit AV, g -
Set RNG ind - RTGO from .05 G % I:
(MSFN value) § ]
n
3 EMS FUNC - Vo SET 2~
Realign scroll Vo to exact entry velocity Predicted entry velocity preset in step 1 (EMS Entry w
(if req) Test). Scroll can be slewed only one inch in reverse. | O
In Vo SET position, both initial velocity in range %
;U integrator and scroll velocity change simultaneously.
® 4 EMS FUNC - ENTRY
5> Align RSI to desired angle (if necessary) This alignment may be performed prior to launch or
ATT SET - GDC prior to deorbit.
EMS ROLL - on (up)
f —d
N
2

k.15.4 SCS ENTRY

NORMAL/BACKUP
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STA/T STEP

PROCEDURE

PANEL

CDR

GDC ALIGN pb - push, hold
ATT SET YAW tw - position RSI

EMS roll stability indicator alignment provides
indication of backup bank angle (BBA).

GDC ALIGN pb - rel

EMS ROLL - OFF

ATT SET YAW tw - rset

GDC ALIGN pb - push (32 sec max)

6 After CM SM sep & CM stab at entry att

EMS MODE - NORM Left in STBY until after separation and stabilization;
if no postburn update, and for RCS deorbit, start EMS
by positioning MODE switch from STBY to BU at MSFN
supplied value of RET .05 G. Also refer to 4.6.1.1,
note 9.

ATT DBD - MAX

RATE - HI

FDAI SCALE - 50/15/50/10

BMAG MODE (3) - RATE 2 Cages attitude BMAGs, preventing SCS-driven FDAI RST

MAN ATT ROLL - ACCEL CMD Jumping at .05 G when GA 1 attitude BMAGs automati-

MAN ATT PITCH & YAW - RATE CMD cally caged to furnish rate information for SCS-driven
FDATI RSI. This configuration can be delayed, as close
to .05 G as convenient, for propellant conservation.

LMP PCM BIT RATE - HI 3
TAPE RCDR RCD - RCD
TAPE RCDR FWD - FWD
CDR,CMP Mon FDAIs & RSI 1,2

SC3 ENTRY
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o
p STA/T STEP PROCEDURE PANEL
=
o §xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx§
)
o |CDR If abnormal veh dynamics
Damp rates with dir RCS
Lt RHC PWR DIR (both) - OFF 1
ey
E If abnormal veh dynamics continue
=~ RHC PWR DIR (both) - MNA/MNB
s Damp rates with dir RCS
a AUTO RCS (affected axis) - OFF 8
Continue with dir RCS (affected axis)
g %xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx%
o
o 7 EVNT TMR ind - mon for .05 G time 1
® .05 G 1t - on
o
% §xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx§
If no .05 G 1t by RET .05 G +3 sec
EMS MODE - BU
%xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx§
.05 G sw - on (up)
4
®
) EMS ROLL ~ on (up)
Seroll slews to left, RNG ind decr
&
i
\n
O\
w

This procedure sequence minimizes failure isolation
time. (Another functionally acceptable method
disables AUTO RCS switches first, then RHC direct
power. )

Backup cue may be obtained from MSFN or CMC.

Lift vector lights do not function in EMS BU mode.
If RNG indicator not decreasing, EMS ranging
capability lost.

At .05 G +10 seconds, one lift vector light will come

on; disregard light.

.05 G and EMS ROLL switches should be placed to
on simultaneously to minimize roll attitude error.

If scroll slews in one axis (V or G), that axis
usable.

4.15.4 SCS ENTRY
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STA/T STEP PROCEDURE PANEL

REMARKS

CDR Mnvr to BBA & maintain until range poten-~
tial guidelines can be interpreted, then
null range err using range potential
guidelines & EMS RNG ind. While nulling
range err, avoid tangency to G on-set
lines. Reverse bank angle at RETRB to
null lateral range err.

8 Go to Earth Ldg Phase (<50K'), 4.16

1

BBA is backup bank angle.

Disregard corridor lamps (as corridor verification
cues) for entry from earth orbit (entry velocity
<35K fps).

RETRB is retrofire elapsed time 40 reverse bank.

SCS ENTRY

grie

P -
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STA/T STEP PROCEDURE PANEL REMARKS
4.16 EARTH LANDING PHASE (<50K')
CDR S50K' CAB PRESS RELF vlv (2) - BOOST/ENTR 325
(safety latch on)
Report CM stable
FROAXAXAXX XX XX XX XX XX XK KK XXX XX KKK KKK >
CM unstable g
CMP L4oOK' RCS CMD - OFF 2 } OFF position is momentary. g
CDR APEX COVER JETT pb -~ push 1 |} Guarded. -
DROG DPLY pb - push Guarded. o
(2 sec after apex cover jett) 0 3
d
X XA KL H KK XXX XK XX KK KKK XX KKK KKK oS
]
30K ELS LOGIC - on (up) Guarded. E E
ELS AUTO - AUTO 3 2
CcMP SEC COOL EVAP - off (ctr) 2 | Required only if secondary loop in operation. AR
GLY EVAP H20 FLOW - off {ctr) 2 '2
2K SCS RCS disable (auto) g ]
n
XXXXXXXXXXXXXXXXE % ~
RCS CMD - OFF OFF position is momentary. 3
b X O
XXXXXXXXAXXXXXXXXX =
Apex cover jett (auto) The apex cover will be jettisoned at 24K feet plus
0.4 seconds.
EXXKXAXXXX XXX KX XA XAXX XX XKKKE
CDR APEX COVER JETT pb - push 1 | Guarded.
XK XA HAHX XK XX KK KK KX KX KK XK
4.16 EARTH LANDING PHASE (<50K')
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STA/T STEP PROCEDURE

PANEL REMARKS

CDR

CMP
23.5K'

CDR

CMP

Drogue chutes deployed (auto)

POXXXAXXXXXXXXXXXXXXXL
DROG DPLY pb ~ push

X X
XAXXXXXUXX XXX XXX X XXKXXXX

%XxXxXXXXXXXXXXXXXXXXXXXXXXX§

If no drogue deployment
ELS AUTO -~ MAN
Stab CM with dir RCS
5K' MN DPLY pb - push
ELS AUTO - AUTO

X X
XXXXXA XXX XXX XX AKX XXX XXX XXX XXX

Mon CAB PRESS:ind - starts incr

%XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX§

If no iner by 17K'
rh CAB PRESS RELF vlv - DUMP
(safety latch off)

If still no incr
CAB PRESS DUMP vlv -
open (CCW)

X X
AN XXX XXX XXX XX XXX XX XXX XX AKXXXXXXX

Drogue parachutes deployed at 2LK feet plus 2.0 sec~
onds. The CM may be very unstable until the drogue
chutes disreef in =11 seconds.

11 Guarded.

Guarded.

2] No increase indicates cabin pressure relief valve
failure.

325 | RH valve has four positions.

Side hatch

EARTH LANDING PHASE (<50K')

. |
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Lt STA/T STEP PROCEDURE PANEL REMARKS
=
o |CMP
® J10K' Mn chutes & VHF recovery ant Auto deployment occurs between 10,950 and 9,100 feet.
® deploy (auto) Parachutes disreef in =15 seconds after pilot mortars
L fire.
[
E. | cor MN DPLY pb - push (within 1 sec) 1 | Guarded. MN DPLY pushbutton should be pushed
« within 1 second after pilot mortars fire to ensure
v simultaneous deployment of main parachutes.
P SRG TK 02 vliv - OFF 326
REPRESS PKG vlv - OFF
DIRECT 02 vlv - OPEN (CCW) T

O jLMP Set up entry comm
g‘ VHF ANT - RECY 3
(g VHF AM A - SIMPLEX If VHF AM B SIMPLEX or VHF AM A DUPLEX required,
o VHF BCN - ON turn off beacon during period of communication.
o
% | cDR Transmit voice (VHF AM) reporting Continue voice transmission until touchdown.
® Position

Mn chutes disreefed

Splash err

Crew stat

CMP Crew couch struts (4) - unlock
CDR CM RCS LOGIC - on (up) 1| Must be on to power CM PRPLNT DUMP switch.
CAUTION

g
o CM PRPLNT DUMP should be init
® immediately after mn chute dis-

reefing. If mn or pyro bus lost,

use RHCs for burn, not CM PRPLNT

DUMP sw.
T
\J
%2

4.16 EARTH LANDING PHASE (<50K')
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STA/T STEP PROCEDURE

PANEL

REMARKS

CDR

Sty

CDR

CMP

CDR,CMP

CDR

CAB PRESS RELF vlv (2) - CLOSE
(safety latch off)

&XXXXXXXXXXXXXXXXXXXXXXXXXXXXX&

If CAB PRESS DUMP vlv used
to equalize AP, CAB PRESS
DUMP vlv - close (CW)

'Y

X
00600600 0600650066600000606000064

CM PRPLNT DUMP - on (up)
(dump burn is audible)

RC5 IND sel - CM1 & 2
RCS He PRESS ind - decr

})EX)O(XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX§

No burn or no press decr
RHC (both) - fire all RCS jets
(except + pitch) until
prplnts are depleted

§xxxxxxxxxxXxxxxxxxxxxxxxxxxxxxxxxx§
When prplnt dump burn completed

CM PRPLNT PURG - on (up)
(purge is audible)

325

Side
hatch

Guarded.

One RHC positioned to command plus yaw and roll
(excluding plus pitch) and other RHC positioned
to command minus yaw, pitch, and roll.

Guarded. Both CM RCS LOGIC and CM PRPLNT DUMP
switches must be on (up) to power CM PRPLNT PURG
switch. Visible fire from RCS engine nozzle
extension surfaces, after burn to depletion and
during purge, expected and normal.

EARTH LANDING PHASE (<50K')
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® | STA/T STEP PROCEDURE PANEL REMARKS
%’.
o) PRRXXXXX XXX XXX XX XXX XXX XX XXKKKL
]
o JCDR CM RCS He DUMP pb - push 1] Guarded. CM RCS He DUMP pushbutton should be used to
o initiete purge following & normal dump operation if
- | CDR,CMP If RHC (both) used for prplnt CM PRPLNT PURG switch fails to initiate purge.
o ~ dump burn
by RHC (both) - fire all jJets One RHC positioned to command plus yaw and roll
— (except + pitch) (excluding plus pitch) and other RHC positioned to
§ ¥ X — S 4 command minus yaw, pitch and roll.
CDR CAB PRESS RELF vlv (2) - BOOST/ENTR 325
Q (safety latch off)
-
[
q% EXAXXXXXXXXXXXXXXX XXX XXX XKXXXL
g cMP If CAB PRESS DUMP vlv Side
used to equalize AP, CAB hatch
-]
o PRESS DUMP vlv - open
(ccw)
X X
XXX XXXXXXXXX XXX XXX XXX XXX XXXXXX
If night ldg
CDR cb FLOAT BAG (all) -~ close 8
PL BCN LT - 10 15| The postlanding beacon light has longer operating
life in LO.
g
ooé LMP cb FLT/PL BAT BUS A, B & BAT C 275 | Connects battery bus A, B, and battery C to flight
® (3) - close and postlanding bus.
cb FLT/PL MNA & B (2) - open
CDR cb SPS PITCH (2) - open 8
cb SPS YAW (2) - open
E
T
N
o)
)
k.16 - EARTH LANDING PHASE (<50K')
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STA/T STEP PROCEDURE PANEL REMARKS

CMP CM RCS PRPLNT (both) - OFF 2 { OFF position is momentary. Prevents RCS fume
ingestion into cabin at 3K' when CAB PRESS RELF
vlv - DUMP.

CM RCS PRPLNT tb (both) - bp Barber pole indicates at least one valve (fuel or

oxidizer) closed in the particular system 1 or 2.
3K*
CDR rh CAB PRESS RELF vlv - DUMP 3251 Assures minimum cabin-to-ambient negative AP for
(safety latch off) landing impact.

FLOOD FIXED - POST LDG 8 | Provides power from flight and postlanding bus to
one floodlight in LH couch area and one flood-
light in center couch area. Minimize floodlight
use during postlanding. Maximum utilization should
be 9.6 hours per 48-hour period.

FLOOD DIM - 1 or 2 Position 1 provides power to two secondary floodlights
and position 2 provides power to two primary flood-
lights when FLOOD LTS FIXED switch in POST LDG
position after dc main buses deactivated.

800" CAB PRESS RELF vlv (2) - CLOSE 3251 Valves must be closed prior to touchdown to prevent
(safety latch off) water from entering CM.
EXXXXXAXXXX XXX XX KX XXX XXX KX AKXL
CMP If CAB PRESS DUMP vlv used
to equalize AP, CAB PRESS Side
DUMP vlv - close (CW) hatch
F XXX XXX XXX XK KL XK KKK XXX KX KKK
CDR ELS AUTO - AUTO (verify) 1

ELS LOGIC - on (up) (verify)

Guarded.

EARTH LANDING PHASE (<50K')

gooom

o . o
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STA/T STEP PROCEDURE PANEL REMARKS
IMP MN BUS TIE (2) - OFF 5 | Removes battery power from dec main buses.
CAUTION

MN BUS TIE sws must be left in OFF
position to ensure that bats A,

B, and C are used to pwr the PL

bus only, & to prevent bat shorting
caused by water entering the CM
feed-thru connectors.

cb BAT RLY BUS (2) - open

Postlanding Check, L.17

JO0H9ANVH SNOILVIHJO OTI0dV

4,16 EARTH LANDING PHASE (<50K')
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STA/T STEP PROCEDURE PANEL REMARKS
4,17 POSTLANDING
4,17.1 POSTLANDING STABILIZATION
LMP cb MN REL (2) - close 229
CMP MN REL - on (up) 2| Guarded. On position is momentary. Releases main
parachutes.
POXXXXAXKAXXX XX XXX KX XXX XX XXX KKK
If no mn chute rel
CDR ELS AUTO - AUTO (verify) 1| Switch should have been on at least 1k seconds to
allow timer to time out and enable MN REL switch.
ELS LOGIC - on (up) (verify) Guarded.
CcMP MN REL - on (up) 2 | Guarded. On position is momentary.
%xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx%
WARNING
If fire or smoke after impact,
refer to Fire/Smoke in CM
During Postlanding, 5.3.3.1.
CDR SECS PYRO ARM (2) - SAFE 8] Lever lock.
SECS LOGIC (both) - OFF Lever lock.
If not in contact with recovery forces
ALL VHF AM (3) - RCV 9,10,6
LMP VHF AM A - off (ctr) 3
VHF AM RCV - A
4,17.1 POSTLANDING STABILIZATION

(2)=r-II AD019-E0-VZHS
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STA/T STEP PROCEDURE PANEL

CDR

IMP

CDR

CDR

¢b PL VENT FLT/PL - close
cb FLOAT BAG (all) - close

c¢b UPR SYS COMPR (both) - close
If floating upright

CAUTION

Wait 10 min prior to init bag fill.
This allows the ablator to cool
sufficiently prior to inflation.
Heat can destroy bags.

FLOAT BAG (all) - FILL for T min,
then OFF

%((XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX;({

If floating inverted
FLOAT BAG (all) - FILL
VHF BCN - OFF
VHF AM A - off (ctr)

Two min after upright
FLOAT BAG (all) - OFF
VHF BCN - ON

If in contact with recovery forces
prior to floating inverted
VHF AM A - SIMPLEX

278

W

Lever lock. Wait 15 minutes prior to running
compressors again.

Lever lock.

Lever lock.

If VHF AM B SIMPLEX or VHF AM A DUPLEX required,
turn off beacon during period of communication.

POSTLANDING STABILIZATION

ey

- e
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STA/T STEP

PROCEDURE

REMARKS

CDR

CMP ,LMP

CDR

CDR,CMP

CDR

or

or

If CM fails to upright in T min
&
CM rolls CW

FLOAT BAG 2 R - OFF
(Continue uprighting for 8
additional min)

If uprighting does not occur in
3 min, reposition to area behind
CDR's couch & CMP's couch as
near as poss to B3 stowage
locker

CM rolls CCW
FLOAT BAG 1 L - OFF
(Continue uprighting for 8
additional min)

If uprighting does not occur in
3 min, reposition to area
behind ILMP's couch & CMP's couch

No roll
FLOAT BAG 3 CTR - OFF
(Continue uprighting for 8
additional min)

Crew reposition procedures may be required if
uprighting does not occur in T minutes and sea state
is minimal.

Lever lock.

Lever lock.

Lever lock.

4.17.1

POSTLANDING STABILIZATION
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STA/T STEP PROCEDURE PANEL

REMARKS

CMP ,LMP If uprighting does not occur in
3 min, reposition to area
on top of or along lower
equip bay cstr

WARNING

If CM still does not upright,
prepare to egress within

15 min (because of environ-
mental conditions) after
completing above uprighting
procedure. Refer to Stable II
Water Egress Procedure, 4.17.4.3

X
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX AXXXX

POSTLANDING STABILIZATION

. . ]
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STA/T STEP PROCEDURE PANEL REMARKS
4.17.2 POST STABILIZATION AND VENTILATION
ALL Release footstraps
Release restraint harness
IMP cb MNA BAT BUS A & BAT C (2) - open 275
cb MNB BAT BUS .B & BAT C (2) - open
¢b FLT/PL BAT C - open Battery C held in reserve for use after depletion of
battery A and B charge.
cb PYRO A/SEQ A - open 250
b PYRO B/SEQ B - open
DC IND sel - BAT BUS A,B 3
DC VOLTS ind - >27.5 vdc
§xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx§
If BAT BUS A(B) <27.5 vdc
cb FLT/PL BAT BUS A(B) - open 275
Go to Comm Low Pwr Procedures,
4,17.3.3
If BAT BUS A & B (2) <27.5 vde
cb FLT/PL BAT BUS A & B (2) - open
¢b FLT/PL BAT C - close
Go to Comm Low Pwr Procedures,
45,17.3.3, & mon BAT C voltage
%xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx§
cMP PLV distribution duct {(3) - unstow Stowed in aft bulkhead stowage area.
& install
Remove debris trap from left Allows cabin air to flow to PL valve exhaust port on
¥-X head strut at MDC forward bulkhead.
PL VENT VLV - PULL (unlock) 2
L.17.2 POST STABILIZATION AND VENTILATION
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REMARKS

STA/T STEP PROCEDURE PANEL
PL VENT - HI or LO 15} PLV fan can operate in high flow for 12 hours maximum.
During periods of no PLV fan operation, cycle PLV
5 minutes every half hour. If RCS fumes are noticed,
prepare to egress immediately. PL VENT should be
cycled from HI to LO prior to using manual backup
procedure.
§xxxxxxxxxxxxxxxxxxxxxxxxxx§
If no PLV operation
To initially open vlvs
PLVC sw - OPEN 376 | Prepare to egress CM in 30 minutes after landing
To close vlvs if valves cannot be opened.
PL VENT - OFF 15
To reopen vlvs
PL VENT -~ HI or LO
XK XXXXXKXXKXXKXXXXXKXKKXK KL
PL BCN LT ~ LO After dark only. Place switch at HI only at request
of recovery forces.
EXXXXXXXXXXXXXXXXXXXXXXXXXXK
If no flashing 1t Perform backup duty cycle at request of recovery
forces.
FLOOD FIXED - POST LDG 8
for 1/2 min
OFF for 1/2 min
XX KHK XXX XX KK LXK XX KXXKKXXK
Deploy dye marker & swimmer umbilical
DYE MARKER - on (up) 15| Guarded. On (up) position is momentary.

POST STABILIZATION ANL VENVILATION
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» STA/T STEP PROCEDURE PANEL REMARKS
.
0
y |ALL INTERCOM (3) - T/R (verify) 9,10,6 | Required for swimmer umbilical operation.
n
ol
® | CDR Deploy line grappling hook (if req) Grappling hook deployed at request of recovery
. CAB PRESS DUMP vlv - remove Side hatch | forces. It is located in aft bulkhead stowage area
- Grappling hook & line - deploy and is for snagging sea anchors deployed by recovery
f; thru vlv opening forces. Adapter E and driver R tools required to
& Cover plate - secure remove cabin pressure dump valve and secure cover
_ plate on side hatch (over valve opening).
9
®)
O
oy
p
3
oQ
o
o
-4
[nal
o
s,
[
o
[¢)
&
1
\N
4
V)
h.17.2 POST STABILIZATION AND VENTILATION

THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM

YOOddNVH SNOILVYIJO OT10dV

YNORMAL/BACK.UP

(2)-r-II JD0Tg~£0~VCHS



aje(] 21seqg

0L6T AInp LT

adeg

0851

aje(q @dueyn

STA/T STEF FROCEDURE PANEL REMARKS
4,17.3 POSTLANDING COMMUNICATIONS
4.17.3.1 Normal Postlanding Communications
LMP VHF BCN - ON (verify) 3
VHF ANT - RECY (verify)

If no contact with recovery forces

VHF AM B - SIMPLEX
Mon for VHF ben 1000 Hz tone
(2 sec on, 3 sec off)
VHF AM B -~ off (ctr)
If VHF ben not audible
Remove survival transceiver from
stowage & mount ant
Sel VOICE on transceiver
Mon VHF ben for 1000 Hz tone
(2 sec on, 3 sec off)
If VHF bcn operating
Turn off survival transceiver
Stow transceiver in RHFES

§XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX§

#x

If no VHF ben sig, turn off
transceiver, remove ant, & conn
transceiver to ant per 4.17.3.2

Sel BCN on transceiver

Mon VHF AM for comm initiated by
recovery aircraft

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX%

Government-furnished survival transceiver stowed in

RHFEB.

POSTLANDING COMMUNICATIOLS

s 4
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STA/T STEP PROCEDURE PANEL REMARKS
4,17.3.2 Survival Transceiver Communications
IMP VHF BCN - OFF (if no contact after 3 | Conserve spacecraft power for terminal phase of
2L hours) recovery operations.
Survival transceiver - conn to VHF
BCN ant cable
Remove survival transceiver from Transceiver is stowed in RHFEB.
stowage
Unlatch & open VHF ant access.door A 5/32" hex wrench, for opening two hex fasteners on ?’U
antenna cable access door, stowed in aft bulkhead o
stowage area. g
Disconnect P112 conn from ben An adjustable wrench, stowed in aft bulkhead stowage o) E
area, used to loosen 5/8" hex on coax connector. o 1
Attach transceiver cable Pl conn to g9
transceiver (verify) 2 R
Conn transceiver cable Jl1 conn to ? §
P112 conn H R
Select BCN on transceiver O W
-
4.17.3.3 Communications Low Power Procedures (21:3 4
]
VHF BCN - OFF : E rey
CDR FLOOD FIXED - OFF \ 8 | Turns off postlanding floodlights. 2 -~
LMP VHF AM A - off (ctr) 3 s}
VHF AM RCV - A 8
CDR PL VENT sys - minimize use o)
Survival transceiver - conn to VHF x
BCN ant cable (refer to Survival
Transceiver Comm, 4.17.3.2)
4,17.3.4 Spacecraft Power Down
PL VENT - OFF 15
ILMP cb ENTRY/PL BAT A, B, C (3) - open 250
b.17.3.4 POSTLANDING COMMUNICATIONS
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STA/T STEP PROCEDURE PANEL

4L.17.4 UNAIDED EGRESS PROCEDURES

4,17.4.1 Egress Preparation

ALL

CDR,LMP

ALL

CMP

CDR

Disconnect umbilicals (if suited)

Neck dams on (if suited)

Configure couch seat pans
Center couch - 270° position
L & R couch - 270° position (if stable

II egress anticipated)

Armrests folded (stowed)

If unsuited, transfer scissors from suit
to coveralls .

Tape flight penlight to wrist (night

' egress)

Survival kits removed from stowage

Remove lanyards from rucksack kit No. 2
& reclose rucksack

Conn liferaft mooring line (olive drab)
to CM

Conn lanyard titled (attach to first
crewman out) to suit (if unsuited attach
to buckle on life vest)

Conn lanyard titled (attach to second
crewman out) to suit (if unsuited attach
to buckle on life vest)

Conn lanyard titled (attach to third
crewman out) to suit (if unsuited attach
to buckle on life vest)

R-1L

Scissors may be required to cut mooring lanyard in
an emergency.

UNAIDED: EGRESS PROCEDURES

(2]

- — P
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STA/T STEP PROCEDURE PANEL REMARKS
4.17.4.2 Stable I Water Egress

CMP PL VENT - OFF 15

LMP cb ENTRY/PL BAT A, B, C (3) - open 250

cMpP Charge hatch counterbalance Side hatch

GN2 ratchet handle -~ opr
GN2 vlv handle - unlock and push
outboard
Open side hatch

sY{XXXXXXXXXXXXXXXXxxxxXXXXXXXXXXXXXXXXXXXJ}E

If side hatch was closed by backup
proced in 4.5.7.2, loosen jack-
screws by screwing wing nuts CCW

Disengage hooks from catches on hatch

Disengage jackscrew lever from hatch
frame

If any hatch latches are latched,
complete side hatch opening proced;
if not, open hatch

b

Lock pin rel knob - UNLOCK

Gear box sel ~ UNLATCH

Actr handle sel - U (unlatch)
Actr handle rel - push or squeeze

X
XAXXXXX XX XXX XXX XXX XXX XXX XX XXX XX XX XXX XXX XK

Push button or squeeze for release on actuator handle
for operation.

b.17.4.2 UNAIDED EGRESS PROCEDURES
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STA/T STEP PROCEDURE PANEL REMARKS
CMP Actr handle ~ opr (until hatch Side
can be opened) hatch

CDR

CMP

Push hatch open
Actr handle sel - N (neut)
Remove life raft from rucksack kit No. 2
Simultaneously throw life raft overboard
& pull inflstion lanyard
Throw rucksacks No. 1 & 2 overboard
Egress, inflate life vest, board raft
Egress, inflate life vest, board raft
Egress, inflate life vest, board raft

4.17.4.3 Stable II Water Egress

PWR (3) ~ OFF 6,9,10
SUIT PWR (3) - OFF
PRESS EQUAL vlv - OPEN Fwd hatch

WARNING
To prevent injury to crew members,
do not unlock hatch until flooding
stops & press equalizes in CM.

Actr handle rel - pull & rotate

Actr handle - pull to stop
Actr handle sel - U (unlateh) (CCW 90°)

Pull detent knob on end of handle, them pivot up 90°.

Rotate crank =3 turns CCW to fully open valve.
will flood tunnel prior to opening hatch.

To free actuator handle for operation, release
rotated to mechanical stop.

Actuator handle should move =80°,

}IOOHCINVH- SNOILVYHJO OT11I0dV
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e
)
u |CMP Actr handle - push to stop Fwd hatch | Actuator handle should move 60° to release hatch.
B Actr handle sel - stow (CW 90°)
® Actr handle - push to stowed position
+ |CMP,IMP Remove & stow fwd hatch Forward hatch weighs =85 1bs and is stowed in LHEB.
-~ | CMP Put survival rucksacks down tunnel
& Exit feet first; when clear of CM,
E% inflate water wings
| IMP Exit feet first; when clear of CM,
] inflate water wings
© | CMP,LMP Remove life raft from rucksack No. 2
& inflate raft
O | CDR Disconnect life raft mooring line
B (olive drab) from CM & return end
38 of line (CDR's discretion)
o Exit feet first; when clear of CM
) inflate water wings
-1 Reconnect life raft mooring line (olive
® drab) to SC exterior - sea anchor
hardpoint or EVA handles (CDR's
discretion)
4.17.4.4 Rough Sea Side Hatch Operations
CMP Close side hatch Side hatch
GN2 vlv handle - pull (inboard) Vents counterbalance piston chamber. Squeeze handle
'g to unlock.
% GN2 press ind -~ min
® Open door rel handle - pull D-ring.
Verify latches are in open position
Close hatch
=
i
N
L,17.4.h . UNAIDED EGRESS PROCEDURES
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STA/T STEP

PROCEDURE

CMP

Actr hsndle sel - L (latch)

Gear box sel - LATCH

Open door rel handle - stow

Actr handle rel - push or squeeze

Actr handle - opr (while holding
hatch closed)

Lock pin rel knob - LOCK
(auto)

LOCK PIN ind - not extd

Actr handle - stowed

Re-open side hatch

Lock pin rel knob - UNLOCK

Gear box sel -~ UNLATCH

Actr handle sel - U (unlatch)
Actr handle rel - push or squeeze

GN2 vlv handle - push (outboard)

GN2 press ind - green

Actr handle - opr (until hatch
can be opened)

Side hatch

Verify lock pin has automatically engaged.

Indicates lock pin engaged.

Pin can be sheared if left in LOCK position.

Push button or squeeze (bar) releases actuator handle
for operation.

Actuator handle should not be operated until
immediately prior to egress.

UNAIDED EGRESS PROCEDURES
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4,18 LUNAR ORBIT EXPERIMENTS

Procedures presented in this section represent a single cycle of each experiment operation. The
operational periods will be defined by the mission time line (or flight plan) including status of

deployment mechanisms after data collection periods.

All experiments except S-band trahnsponder (S16h4)
and Bi-static Radar (S170) require that SIM door be jettisoned prior to conducting experiments. The
Following matrix identifies experiments having electrical interface with CSM requiring crew

participation,
CsM
EXP. No. Name 112 113 114 115
5160 Gamma Ray Spectrometer X X
5161 X-Ray Fluoresence Spectrometer X X
8162 Alpha-Particle Spectrometer X X
5163 Optical Bar Panoramic Camera X X X X
5164 S-Band Transponder X X X X
5165 Mass Spectrometer X X
5166 3-inch Mapping Camera X X X X
5169 Far Ultra-Violet Spectrometer X X
S170 Bi-Static Radar X
S171 IR Scanning Radiometer X X
S173/17h Subsatellite X X X
5175 Laser Altimeter X X X X

MOOYANVH SNOILVIHJO OTTO0dV
()=r=II J00TE-E0~V2KS
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4.18.1 GENERAL OPERATIONAL REQUIREMENTS

The following considerations are applicable to lunar orbit experiment procedures:

1. SM RCS jets A2, Ak, Bl and B4 are inhibited during experiment operation to reduce con-
tamination and thermal gradients in the SIM bay after the SIM door is Jettisoned. 1In
addition, jets Cl and C3 are inhibited whenever the mass spectrometer boom is deployed.

2. Particle-sensitive experiments should be scheduled as long as possible after ECS dumps
and purges to preclude degradation of experimental data.

3. If required during experiment operation, mission time and duration of dumps and purges
must be recorded for postflight analysis of experimental data.

k. Iocal vertical attitude hold will be maintained during experiment operations, except
for experiment calibration and possibly for IMU alignments.

>. During spacecraft maneuvers in lunar orbit, direct sunlight impingement into the SIM
bay should be avoided to prevent damage to experiments.

GENERAL OPERATIONAL REQUIREMENTS
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STA/T STEP PROCEDURE PANEL

CMC - on (req), 4.8.1.3
ISS - on & orient known (req), 4.8.1.3
& h.1h
SCS - on (desired), L4.8.h.2
RCS DAP - load & activate (req),
4.8.2.1
All jets OFF except Jets are disabled to prevent SIM bay contamination
CDR AUTO RCS B/D ROLL B2 & D1 - 8 | and enables single jet control until SIM experiments
MNA or MNB completed.
AUTO RCS PITCH A3 & Ch - MNA or
MNB
AUTO RCS YAW B3 & D4 - MNA or
MNB
Mnvr to Jett SIM door SIM door to impact lunar surface.
R °, P N ¢ °
LMP FC REACS VLVS - LATCH 3 | Holding voltage prevents SIM door Jettison shock
Arm SIM door & jett from inadvertently closing FC reactants valves.
CMP cb LOGIC PWR (2) - close (verify) 181
LOGIC PWR - JETIT
DOOR JETT - on (up) Guarded - On (up) position momentary.
LMP FC REACS VLVS -~ NORM 3
Rel booms
NONESS BUS - MNA (MNB) (verify) 5
cb INST SCI EQUIP (3) - close (verify)
CMP SM/AC PWR - on (up), then OFF 181 | Releases gamma-ray and mass spectrometer booms and
subsatellite launcher tie-downs.
DOOR JETT - off (down) Guarded.
LOGIC PWR - OFF

4.,18.2 SIM DOOR JETTISON AND EXPERIMENT

TIE-DOWN RELEASE

JOOHANVH SNOILVYIdJO OTI04dV
(2)=0=II XD0TE~L0=YCHS

4.18.2

SIM DOOR JETTISON AND EXPERIMENT TIE-DOWN RELEASE
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STA/T STEP

PROCEDURE PANEL REMARKS

Go to boom & camera/altimeter deploy,
4.18.3.1, 4.18.3.3 & 4.18.3.5 as req

SIM DOOR JETTISON AND EXPERIMENT TIE-DOWN RELFASFE
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STA/T STEP PROCEDURE PANEL REMARKS
4.18.3 DEPLOY & RETRACT GAMMA RAY & MASS
SPECTROMETER BOOMS & MAPPING CAMERA
4,18.3.1 Deploy Gamma Ray Boom
CMP cb LOGIC PWR MNA - close (verify) 181
LOGIC PWR - DPLY/RETR If gamma-ray spectrometer is to be operated in
GAMMA RAY BOOM DPLY - on (up) 230 | retracted position, omit this and following step.
Maximum continuous operating time in retracted
position is 3 hours because of thermal considerations.
GAMMA RAY BOOM DPLY tb - bp, then gray Barber pole when boom is in any position except
fully extended or retracted. =100 seconds required
to fully extend boom.
LOGIC PWR -~ OFF 181
4,18.3.2 Retract Gamma Ray Boom
WARNING
Boom must be retracted prior to
SPS mnvrs or structural fajilure
may result.
cb LOGIC PWR MNA - close (verify)
LOGIC PWR - DPLY/RETR
GAMMA RAY BOOM DPLY - RETR 230 }=100 seconds required to retract boom.
GAMMA RAY BOOM DPLY tb - bp, then gray Barber pole when boom is in any position except
fully extended or retracted.
4,18.3.2

THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM
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STA/T STEP PROCEDURE

PANEL

§xxxxxxxxxxxxxxxxxxxxxxxxxxxxx X.XXXXXXXXXX§

If no boom retract, jett exp pkg prior
to SPS thrusting
cb LOGIC PWR (2) - close (verify)
LOGIC PWR - JETT
GAMMA RAY BOOM JEIT - on (up)
GAMMA RAY BOOM JETT tb - bp,
then gray

CMP

OL6T LInp LT

%xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx§
LOGIC PWR -~ OFF

4.18.3.3 Deploy Mass Spectrometer Boom

cb LOGIC PWR MNA - close (verify)

LOGIC PWR - DPLY/RETR

MASS SPECT BOOM DPLY - on (up)

MASS SPECT BOOM DPLY tb - bp, then gray

aje @8ueyn

LOGIC PWR - OFF

4.18.3.4 Retract Mass Spectrometer Boom

WARNING

o8eg

Boom must be retracted prior
to SPS mnvrs or structural
failure may result.

cb LOGIC PWR MNA - close (verify)
LOGIC PWR - DPLY/RETR

265-1

181

230

181

230

181

On position momentary.
package.

Jettisons experiment

Barber pole while boom is extending.
required to fully extend boom.

~84 seconds

MOO9dANVH SNOILVYEJO OT1I0dV

'DEPLOY & RETRACT MASS SPECTROMETER BOOM
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STA/T STEP PROCEDURE PANEL

REMARKS

CMP

MASS SPECT ION SOURCE - OFF (verify) 230

MASS SPECT BOOM DPLY - RETR
MASS SPECT BOOM DPLY tb - bp, then gray

§xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx§

If no boom retract, jett exp pkg prior
to SPS thrusting
cb LOGIC PWR (2) - close (verify) 181
LOGIC PWR - JETIT

MASS SPECT BOOM JEIT - on (up) 230
MASS SPECT BOOM JETT tb - bp,
then gray

X X
XXXXXAXX XX XXX XXX XXX XXX XXX XXX XXX XXX KXXX XX XXX

LOGIC PWR - OFF 181

4.18.3.5 Deploy Mapping Camera & Laser

Altimeter

cb LOGIC PWR MNA - close (verify)
LOGIC PWR - DPLY/RETR

MAP CAMR TRACK - EXTD 230
MAP CAMR TRACK tb - bp, then gray
LOGIC PWR - OFF : 181

4.18.3.6 Retract Mapping Camera & Laser

Altimeter

c¢b LOGIC PWR MNA - close (verify)
LOGIC PWR -~ DPLY/RETR

Must be OFF when boom is retracted in SIM bay or
instrument damage may result.

Barber pole while boom retracting. =84 seconds
required to fully retract boom.

On position momentary.

MOOdANVH SNOILVYIdO OT1I0dV

Barber pole while camera/altimeter extending.

4.18.3.6

DEPLOY AND RETRACT MAPPING CAMERA
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STA/T STEP PROCEDURE PANEL REMARKS

CMP MAP CAMR TRACK - RETR 230
MAP CAMR TRACK tb - bp, then gray Barber pole while camera/altimeter retracting.
LOGIC PWR - OFF 181

DEPLOY AND RETRACT MAPPING CAMERA
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STA/T STEP PROCEDURE PANEL REMARKS
4,18.4 SIM EXPERIMENTS PREPARATION & SHUTDOWN
4.,18.4,1 System Preparation

CMC ~ on (req), 4.8.1.3
ISS - on & orient known (req), 4.8.1.3
& L,1k
SCS - on (desired), L4.8.4.2
RCS DAP - load & activate (req), L.8.2.1

Verify all jJets off, except

Recommended rates and deadbands - TBD,.

Jets disabled to prevent SIM bay contamination and

CDR AUTO RCS B/D ROLL B2 & D1 - MNA or MNB 8 | maintain balanced SM RCS single jet rotation control
AUTO RCS PITCH A3 & Cl - MNA or MNB until SIM experiments completed.
AUTO RCS YAW B3 & D4 - MNA or MNB
SIM Data Sys Prep
Configure TIM, L,5,6.1, except
1MP PCM BIT RATE - HI 3
Activate Data Sys
CMP DATA SYS ON - ON 230 ] Allow 15-minute warmup prior to calibration.
DATA SYS CAL - on (up) On position (momentary) puts a known calibration
Repeat following three times signal into voltage control oscillator of FM analog
Wait one sec channel. Three-step calibration required.
DATA SYS CAL - on (up)
4,18.4,2 Systems Shutdown
When all SIM exp complete
DATA SYS CAL - on (up) On position momentary.
h.18.4,2 SIM EXPERIMENTS PREPARATION & SHUTDOWN
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STA/T STEP

PROCEDURE PANEL REMARKS
CMP Repeat following three times Three-step calibration required prior to shutdown.
Wait one sec
DATA SYS CAL - on (up) 230

DATA SYS ON -~ OFF

‘SIM EXPERIMENTS PREPARATION & SHUTDOWN
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STA/T STEP PROCEDURE

PANEL

REMARKS

4,18.5 SENSOR CALIBRATION

Mnvr to calib att
R__° R__° Y __°
Att hold for 15 min
Mnvr to exp att
Resume exp oper

Performed once each day on lunar darkside by pointing
sensor toward deep space. Calibration data obtained
by taking background level measurements of deep
space,

Roll to point sensor 135°-180° (toward deep space)
from local vertical.

MOOHANVH SNOILVYIJO OT10dV

4.18.5
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STA/T STEP PROCEDURE

PANEL REMARKS

CMP

4.18.6 S160 - GAMMA RAY SPECTROMETER

Verify SIM Door Jett, 4.18.2
Sys Prep, 4.18.4.1
Mnvr to exp att
R ° P ° v o
(detector at lcl vert)

Establish lecl vert att hold, TBD
Deploy Gamms Ray Boom, 4.18.3.1
Activate exp
cb SCI EQUIP SEB 2 - close (verify)
NONESS BUS - MNA (MNB) (verify)
GAMMA RAY EXP - ON

GAMMA RAY GAIN - STEP (as req)
GAMMA RAY GAIN - ctr
Terminate exp

GAMMA RAY EXP - OFF

If boom to be retracted, refer to
4.,18.3.2

Normal lunar orbit operation periods will utilize
local vertical mode, with SIM pointing toward moon.

230 | No warmup required.

STEP position momentary. Increases sensitivity.
Positioned per flight plan or as directed by MSFN
in real time.

Mission time line or flight plan will determine
whether boom to be retracted between data collection
periods.

EXPERIMENT S160

oo
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STA/T STEP PROCEDURE

PANEL

4.18.7 5161 - X-RAY FLUORESENCE SPECTROMETER

CMp

CMP

Verify SIM Door Jett, 4.18.2
Sys Prep, 4.18.4.1

CAUTION

Avoid Sun entering instrument
FOV (+30° from SIM pointing
line) or instrument will be
destroyed. If direct sunlight
exposure is anticipated pwr to
the instrument must be removed
by placing X RAY EXP sw to STBY.

Mnvr to exp att
R °, P °, Y ° (snsr at lcl
vert)
Establish lel vert att hold, TBD
Open solar snsr door
cb SCI EQUIP HATCH - close (verify)
cb LOGIC PWR MNB - close (verify)
NONESS BUS - MNA (MNB) (verify)
LOGIC PWR -~ JETT
X RAY DR DPLY - on (up)

LOGIC PWR - OFF
Activate exp
X RAY EXP - ON

181

181
230

181

230

Normal lunar orbital operation periods will utilize
local vertical mode, with SIM pointing toward moon.

On position momentary.

Opens X-ray solar sensor

door. Door not retractable.

No warmup required.

4.18.7
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STA/T STEP

PROCEDURE

PANEL REMARKS

If calib req, refer to 4.18.5

To term exp

CMP

X RAY EXP -~ OFF

Calibration required once each day.

230

THIS SCANNED COPY IS PRO

EXPERIMENT S161
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STA/T STEP PROCEDURE PAREL REMARKS
4,18.8 S162 - ALPHA PARTICLE SPECTROMETER
Verify SIM Door Jett, 4.18.2
Sys Prep, 4.18.4.1
CAUTION
Avoid sun entering instrument FOV
(+45° from SIM pointing line), or
damage to instrument will result.
Mnvr to exp att Normal lunar orbital operation periods will utilize
R °, P °, Y ° (snsr at lcl local vertical mode, with SIM pointing toward moon.
vert) Limit exposure of detector to direct solar radiation
for not more than 5 consecutive minutes with a total
exposure time not to exceed 30 minutes.
Establish lecl vert att hold, TBD
Activate exp
IMP cb SCI EQUIP HATCH - close (verify) 5
NONESS BUS - MNA (MNB) (verify
CMP ALPHA RAY - ON 230 | Warmup not required.
If calib req, refer to 4.18.5 Calibration required once each day on lunar dark side.
To term exp
ALPHA RAY - OFF

JOOLIANVH SNOILVYEdO OT10dV
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EXPERIMENT S163
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g.
g 4.18.9 S163 - OPTICAL BAR PANORAMIC CAMERA
[l
(¢
4.18.9.1 Panoramic Camera Boost Mode Boost mode required during boost, TLI and SPS
b thrusting periods until panoramic camera operations
— 1 Boost Mode On are complete. °
& | LMp NONESS BUS - MNA (MNB) (verify) 5
& cb SCI EQUIP SEB 1 & 2 (2) - close
- (verify)
9 |cMp cb SM SECTOR 1 AC2 (3) - close (verify! 181
e PAN CAMR MODE - STBY (verify) 230
PAN CAMR PWR - BOOST
Q
8‘ 2 Boost Mode Off When thrusting is completed.
- PAN CAMR PWR - off (ctr)
g SM/AC PWR - OFF 181
U
o 4.18.9.2 Panoramic Camera Standby Mode
1l Stby Mode On
LMP NONESS BUS -~ MNA (verify) 5
cb SCI EQUIP SEB 1 - close (verify)
CMP cb SM SECTOR 1 AC2 (3) - close (verify) 181
SM/AC PWR - on (up) (verify)
PAN CAMR PWR - ON 230
- PAN CAMR MODE - STBY (verify)
A PAN CAMR SELF TEST - off (ctr)
oQ
(¢}
2 Stby Mode Off ;
PAN CAMR PWR - off (ctr)
=
i
(o)
o
N

EXPERIMENT S163

e ]

¥
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STA/T STEP PROCEDURE

PANEL

REMARKS

4.18.9.3 Panoramic Camera Heater Mode

1 Htr Mode On
LMP NONESS BUS - MNB
cb SCI EQUIP SEB 1 - close (verify)
CMP SM/AC PWR - on (up) (verify)
PAN CAMR SELF TEST - HTRS

2 Htr Mode Off
PAN CAMR SELF TEST - off (ctr)

4.18.9.4 Panoramic Camera Self Test

LMP NONESS BUS - MNA (verify)
cb SCI EQUIP SEB 1 - close (verify)
CMP cb SM SECTOR 1 AC2 (3) - close
SM/AC PWR - on (up) (verify)
PAN CAMR MODE - STBY (verify)
PAN CAMR PWR - ON
PAN CAMR SELF TEST - on (up)

PAN CAMR OPR tb - bp to gray

At completion of self-test
PAN CAMR PWR - off (ctr)
SM/AC PWR - OFF

4.18.9.5 Panoramic Camera Operation

Verify SIM Door Jett, 4.18.2
Sys Prep, 4.18.4.1

181
230

181

230

181

=10 hours of warmup time in heater mode required
before camera operation.

Panoramic camera must be operated every 2hi§ hours to
prevent film set. Panoramic camera self-test or
camera operation will satisfy this requirement.

On position momentary.

Barper pole until completion of five test frames; if
barber pole remains, panoramic camera no-go.

0.5° attitude and 0.05°/sec rate deadbands for this
experiment,

4.18.9.5

EXPERIMENT S163
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STA/T STEP PROCEDURE

PANEL

REMARKS

Mnvr to exp att
R O’ P [¢] Y L]

?

Normal lunar orbital operation periods will utilize
local vertical mode, with SIM pointing toward moon.
+0.5° attitude hold deadband is recommended in roll

and yaw. Camera is direction-sensitive; plus X-axis
into velocity vector.
Verify gamma-ray & mass spectrometer Photo degradation will result if gamma-ray and mass
booms retracted, 4.18.3.2 & 4.18.3.4 spectrometer booms extended.
Pan Camr Htr Mode On, 4.18.9.3, step 1 =10 hours of warmup time in heater mode required
before camera operation.
Pan camr oper
Change oper modes (htr to stby)
IMP NONESS BUS - MNA 5 | These steps represent the delta between modes.
CMP cb SM SECTOR 1 AC2 (3) - close 181
SM/AC PWR - on (up)
PAN CAMR SELF TEST - off (ctr) 230
Start pan camr
PAN CAMR MODE - OPR Camera starts operating. Camera operation limited to
20 minutes.
PAN CAMR OPR tb - bp, then gray Talkback gray after 2 seconds and remains gray. If
, barber pole appears, camera not operating.
Stop. pan camr
PAN CAMR MODE - STBY
PAN CAMR PWR - off (ctr)
SM/AC PWR - OFF 181
EVA req for film cassette retrieval, Film cassette retrieved during TEC. Cassette is
4.10.3 19 inches in diameter 7T inches wide and weighs
=88 pounds.

EXPERIMENT S163
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CDR

4,18.10 8164 - S-BAND TRANSPONDER

The S-band transponder experiment is conducted with a solo CSM in lunar orbit (LM on lunar
surface). The experiment consists of a data collection period of two lunar revolutions with the
number of data collection periods dependent upon CSM orbit inclination. During each experimental
period, MSFN will track CSM while it is being held in a G&N attitude hold (minimum deadband).
This hold will be maintained by SM RCS jets operating in balanced couples, minimizing high gain
antenna motion relative to MSFN tracking stations, and should be completed prior to SIM door

Jettison to avoid SIM bay contamination. Also, to prevent unnecessary motion during the experiment,

H20 boiler operation, purges, water dumps, etc., will be avoided.

CMC - on (req), 4.8.1.3
ISS - on & orient known (desired),
4L.8.1.3 & L.1k
SCS - on (desired), L4.8.k4.2
RCS DAP - load & activate (req), 4.8.2.1 0.5° attitude deadband and 0.5°/sec rates are
AUTO RCS (16) - as req 8 | recommended.
Mnvr to exp att
R °. P °, Y °
Sel telecom basic config, 4.5.6.1
except
PCM BIT RATE - HI 3
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4.18.11 S165 - MASS SPECTROMETER

Operational Requirements

e Prior to initisl operation in lunar orbit, the mass spectrometer must have accumulated
6 hours of warmup operation with its boom extended. If dumps or boom retractions occur during
the 6-hour period, each dump or retraction will necessitate an additional 1/2-hour WArmup .
Additionally, at least 1 hour of uninterrupted warmup is required immediately prior to data

collection. Subsequent lunar orbit operations require 30-minute warmup periods.

Prior to TEC

operations, a 3-hour warmup is required. The same continuity and interference constraints

imposed on lunar orbit warmup apply to TEC warmup.

® In lunar orbit, a minimum of three data collection periods of at least two revolutions per
collection period are required. During each of the three periods the minus X-axis of the CsSM
will be aligned to the velocity vector, Additionally, a minimum of one revolution is required

while the CSM plus X-axis is aligned to the velocity vecior.

e Data collection during TEC should not begin within 6 hours of an SPS or RCS translation burn.

4.18.11.1 Mass Spectrometer Operation
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