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ALARM CODES

OPTION CODES

CHECKLIST CODES
FLAGWORD BIT ASSIGNMENTS
IMODES30 AND IMODES33
CHANNEL BIT ASSIGNMENTS
COMPUTER PROGRAM DESCRIPTION



+5qud1] Uo JOU BIB UMOUS STCET 4

n=l

| A3M
| \
|| R | ——

—_—

o= Y
fmI\
wm I
[

' )
AV1dS1a

_ ER __H_xo_mm *
GYLNOD NI
dbikf LON d¥g

_ HIFIVHL _ — Y43 MdO _
_ LyvLs3H —_ 13 A3 #

MD01
_ WEWID — b el _

i ALOV ﬂ Bl __ ALDY _
| )
ﬁ {9044 Hld ) ANNdn_| |

*P810aLI0D uaag
sey UOIIpUDI WiiB(E 3U3 Buipinoid A3ISC 8yl UO JOedIpUl ULEE Ho SUdm — 1 35y

sanbal | Wa0pa8 8ses|d,, B 01 puodsal o)
‘papeo| 150l pioa ejep e 1dsode 01 DT 8yl 10a4Ip 0

bl Unop fgaen
ayy uo Buuesdde mou unopj/gues 8yl 8naexs 01 DDT Ayl 12adlp 0

)
q

‘2

1sARM BBUYL UI pasn s1— Y I N3

bl AHLS 8Ul UD LN} pue apowl AQPUELS AU Ul D97 ayl and [jIm uolng
auy Buissaad ‘pa1oa)ss st 9o weibolg pue apow ajesadQ Ayl Ul st DT 8yl uaym
‘uoRaung ,,pasnold,, ayi splaoad ||Im uolng ayy

fulssasd ‘patoaas 10U s g WebBold 1ng apowl slelad g ayl ul st 957 8yl uaym
*319012 8yl BUlI015a 1814e ‘D6 8UL Ul 00 BUIINOY

103j9s Ajjeanjewioine pue ‘bl AGLS 8yl 4o wini ‘apouwr ajessd( ayl ul
097 ay1 1nd jjim uoing sty Bulssasd 'apouwl AGpuelg 8yl Ul si 957 8uUl UsUM

‘B

:sU0OUNY oM} swaopad uonngysnd siyl— O4d

‘pJOM BIEP 81} PEO|AJ 0} Jolesado auyl smo|(e 1| "pasn Bulaq (£ ‘ZH 'LH)
J2is16a) Aejdsip e1Ep 8yl yue|q o1 asuanbas Buipeo| elep B BUUNp pasn si— WD

*sAay |B2LALINU 81— § -0

‘BlEP [BLWIDBR AJIIUBP! O) PUB UDIIUaAUGD UBIS Joj pasn shay ubis ale — - pue +

‘apog Unop ayl se palaidiajul aq o} ale paday
SIB10BJEYD |EDLIBLUNU OA] 1X8U Byl 1Byl saieoipul uonng siyp Bulysnd — NNON

‘Bp0D gl 8yl se palaldialul aq 01 aie paiay
$191021ELD [EILSWINU DM] 1X8U 3y) 1BY} saiedlpul uong siyl Buiysnd — gy43An
:suoing BUIMo]|o) 8yl sUleIu0d— pieogAay

)

[t}

=

Ak

‘puooas gg'Q Ul perepdn ag Aew jaued Aejdsip a1a(duwiod ayl TATIAIIDE WINWIEXEW 3
WWHDOH PUB "NNON ‘GH3A se umousy ale sislsifal Aedsip jonuoa ay | ey ‘£Y

'}y 58 01 paJiajad ale saalsiBas Aejdsip elep Byl 'Sialdeleyd [R3LIALINU OMY 3O LoBa ‘13351631
Apjdsip |OIUDD BRUUL PUE [SIAJIRIEYD [BILISWNU BAY J0 Yoea ‘sipysifas Ae|dsip ejep aadyl
Loy 01 padnosb ale SUNIID8s [BIBLINU 8Y ] "HjUE|Q B JO ‘ubis snuiw e ‘ubils snid g Ae|dsip
ssay | 'suonoas ubls sasyl syl daoxe “yue|q Bujulewal 10 Je10Bleyd (ewiasp e ButAe|dsip

jo g|gedes §i UOI0AS YIBTJ "SUOIIDES JUBVSBUILIN|ONIR[S H7 JO SISISUOD —

Jaueg Aejdsic

-gouanbas |BUISIUI UB YL PaIdnado s DD 8yl usym pazifiaus si-— W6 ALOY dINOD

£:W1

“(DNIHSV14) Pajie sem 3503 Adljiqeuoseay Al20(ap U1 2

‘(AQV3LS) Buljdwes
Auo0jan Y7 Jee pUE 240jeq juasaid 10U sem 21240s1p pood eleq Auaolea Y L

uayM (DNIHSY T
10 Afl¥3Lls uoj pezifiaua s 3yby ayy ‘uo s Jepey BuipueT ay: uaypy — 1B 13A

"(ONIHSY 1) palie sem 1581 Ayjlqeuoseay epnily W g
(AQY3Ls) Buydues

spNyYE Y JBME pue Blojaq luasaad jou sem ajedsip poogy eleq abuey YW ')
TUBYM
(Buiyse)y Jo Apeais uo) pazibisus s 3yBl| aus ‘uo s Jepey Buipuen) eyl usypy — BT LY

-aauanbas peal ejep 0o ue BulANp $4N020 9134051 1eq PoOS) 2180 HY 8yl usym ‘g

'paoJaz Bulag 3ou 5,NAD HY PUB BPOW 0INY 8yl ul Wi 6yl yum pajie NAD HY & ‘|
:uaym pazifisua 51 1yBi ay} ‘uo 51 Jepey snoazepuay ayl usypy — BT YIHOWHL

'] 954 Guissaad Aq 1esad
AllENUBLL S) Yole] Syl [3UN A SA 8Yl Uo dwie] | Y LS 8yl ssleuiLn||E yaiym 357 ayp ul
185 51 yme| e ‘weafold e jo uonesado BUNp | Y 1S3Y € 40 u8n8 81 U] — 36T 1HY.LS3Y

*AMNSa Ayl uo dule| HOHd 3y} seleniae LLEe
weifosd sy ‘peiessusl s waee wesfosd e suoilenils Jo Alalien e dapup — 14617 DOYd

‘paziBiaua ag uayy || 14BI| L LY ON BY.L 'U0l1e||1as0 jequ|B
ansud 01 g5 8yl ul apowl ufi]y 8S/E0] Ay} SPUBLLLIOD AjjedljRWOINE 09T ay3 uoiysod
043z s} wioly saslbap 53 T spesaxe sajfue |eguwib ajppiw 2uy) Uayp uonsod 049z 511 WOy
ssaubap g/ 3 spasoxa aibue |equib appiw eyl usym pazifiaue s — WET 007 IVEAWID

'PAIBINDE §1 ASSA 8Y) Uo due|
dINAL 3Y3 “[BUBIS S1U3 JO 8IUBSGE AUY U] " (E'PEL O} 4 o£'9Z1 8BURJ BU UL 5| a1meladwa)
1BgWBL B|qels BUL UBYM NNl BYl Wody [RUBIS B s3Ai@3) DD Byl — BT JWIL

*(Buryoral
sleuluIa | ) 395 (Me1S ysaid) 39 ‘(apowy Jofeyy sBueys) 3/gA 1o asuodsal W'

"HILNAPEA ‘HILNIZEA "HIALNIEEA 'AIID0HJ J0 ARjds|p aul 0} asuadsal y 'e
1104 jo pauiny ag (s Bl syl g
‘dn 1nd si Aejdsip Ayond e uaym uo pauani 51 pyBi ey C)

‘uo Apeaaje st 346l 35YIT134H A3 8yl pue welfoid punosbaloy B 1ano ASSO 84l
Buisn si ay j1 dn awlod o) Bulliem s Gzd PUB ‘Z2d '0Zd Wouy Aejdsip Ajdod g 1eyl 1neuoiise
UL MsIe 1M Bl AYTTdSIO ALIHOIYd 3YL — (peiewun) 1B AYTIdSIO ALIHOIHd

‘$apOoLU JaY30 (|8 Ul paysinbuilxa si 1 {apow esjndud | wnwiulpy
10 ‘330 ‘BIPI 8yi Ul st yopidolnge ayl JaAsuaYM 11| 51 3| Capnuile yeioaoeds eyl Buljjoliuod s
Jo)idoyng [enfip SNDJ 8Y1 10U 40 JBYIaYM SINBUOIISE 8yl 0} UOIIEIIPUL JUBISUOD B 5| AM SO
ay1 uo B JOHLNOD NI LON d¥d 8yl — (pasewun) 1ubin T041NOD NI LON d¥d

‘suoissaadap Aay
o aauanbas Jedosdu) ue swuopied soielado A SO 8y uaym paziblaus st— 1y6iq HY3 Y40

‘1sanbal qJen pepualxa Ue Jo Y INT 8yl (g)
*Aejdsip Bulysep) e 03 asuodsal B o 4 I NF 8yl (Z)
*ouanbas PEO] B 30 Y LN [BULE YUM (1}
ra|duiexs Jo) “AjjBLUIOU 30UaNDAS JUSLIND SIY SA1BUIWIAY INEUDISY g
‘uonng T34 A3y 8yl bunesado Ag o350 a9yl saysinbuljed Ineuonsy e
‘uaym pezibleusegq g
Aejdsip guap J03UOL (UMD S|Y) JO dOl UO a30a1sABy B sajew INRUOnSe Ayl o

"AXSA 8y uo
Aluaana st Aejdsip Buiysey [BUIaIUL UB 3|1YM BPBW 51 830415A83 INEUONSE UY °q

*AMSO 8yl 5BY INEUOUISE 8L 3|IYm sawiod Aejdsip |eusaiul uy B
‘uaym pazibiaug vy
WET 73Y ATH

‘B8poL elesadg ayl uj 1 997
ayy uaym paziflaudap pue spow Agpuels syl ul st 957 a8yl uaym paziBlaua si— 4B AgGLS

‘apouw ul)|y 85120 8y1 ul 1o ‘pabea ‘}o 51 55 3Y1 51 1B ‘esuBiazal
[B1348UI QU S| B1ay1 pue spoll sjesadg auy) Ul sl D57 8yl uaym pazibisua si— 1yblq L1y ON

097 8Ys Aq paajasas
afessalll HN|TdN [BYEIp B Jo Jeioeieys 1say eyl Aq pazifiaus si— 1Bl ALY MNIT4N

AXSO W

T



PHASE

Service

Ascent

Coast

Pre-
thrusting

Thrusting

Align-
ments

Descent

Aborts

and
Backups

LM-4

PROGRAMS FOR PROGRAM LUMINARY

PROGRAM NUMBER

PROGRAM TITLE

LGC Idling
LGC Power Down

Powered Ascent

Rendezvous Navigation
Ground Track Determination
Lunar Surface Navigation
Preferred Tracking Attitude
LGC Update

External Delta V

Coelliptic Sequence Initiation (CSI)
Constant Delta Altitude (CDH)
Transfer Phase Initiation (TPI)
Transfer Phase Midcourse {TPM)

DPS
RCS
APS
Thrust Monitor

IMU Orientation Determination
IMU Realign
Lunar Surface Align

Braking Phase
Approach Phase
Landing Phase (ROD)
Landing Confirmation

DPS Abort

APS Abort

CSM Coelliptic Sequence Initiation (CSI) Targeting
CSM Constant Delta Altitude (CDH) Targeting
CSM Transfer Phase Initiation (TPI) Targeting
CSM Transfer Phase Midcourse {TPM) Targeting
State Vector Update (CSM)

State Vector Update (LM)

Guided RCS Burn (Erasable Memory Program)

ROUTINE

00
01
02
03
04
05
09
10
1
12
13
20

LM-5

ROUTINES FOR PROGRAM LUMINARY

ROUTINE TITLE

Final Automatic Request Terminate
Erasable Modification

IMU Status Check

DAF Data Load

Rendezvous Radar/Landing Radar Self-Test
S5-Band Antenna

R10/R11/R12 Service

Landing Analog Displays

Abort Discretes Monitor

Descent State Vector Update
Landing Auto Modas Monitor
Landing Radar/Rendezvous Radar Read
Rendevzous Radar Designate
Rendezvous Radar Data Read
Rendezvous Radar Manual Acquisition
Rendezvous Radar Search
Rendezvous Radar Monitor

Lunar Surface RR Designate

Orbit Parameter Display
Rendezvous Parameter Display
LGC/AGC Clock Synchronization
Qut-of-Plane Rendezvous Display
DPS/APS Thrust Fail

State Vector Integration (MIDTOAVE)
AGS Initialization

Coarse Align

In-Flight Fine Align

Auto Optics Positioning

AOT Mark

Sighting Data Display

Gyrotorquing

Terminate Tracking

MARKRUPT

Celestial Body Definition

Lunar Surface Sighting Mark
Attitude Maneuver

Preferred Tracking Attitude
Crew-Defined Maneuver
Rendezvous Final Attitude

Fine Preferred Tracking Attitude
Extended Verb Interlock

LR Spurious Test



00
01
02
03
04
05
06
07

08-

11
12
13
14
15
16

LM-6
LIST OF VERBS USED IN PROGRAM LUMINARY

REGULAR VERBS

Not in use
Display Octal Component 1 in R1
Display Octal Component 2 in R1
Display Octal Component 3 in R1
Display Octal Components 1, 2 in R1, R2
Display Octal Components 1,2, 3 in R1, R2, R3
Display decimal in R1 or R1, R2 or R1, R2, R3
Display DP decimal in R1, R2 (test only)

10 Spare
Monitor Octal Component 1 in R1
Monitor Octal Component 2 in R1
Monitor Octal Component 3 in R1
Monitor Octal Components 1, 2 in R1, R2
Monitor Octal Components 1, 2, 3 in R1, R2, R3
Monitor decimal in R1 or R1, R2 or R1, R2, R3
Monitor DP decimal in R1, R2 (test only)

17
18-20 Spare

21
22
23
24
25
26
27

Load Component 1 into R1

Load Component 2 into R2

Load Component 3 into R3

Load Components 1, 2 into R1, R2

Load Components 1, 2, 3into R1, R2, R3
Spare

Display Fixed Memory

28-29 Spare

30 Request EXECUTIVE

31 Request WAITLIST

32 Recycle program

33 Proceed without DSKY inputs
34 Terminate function

35 Test lights (FOO only)

36 Request FRESH START

37 Change program (major mode)
38-39  Spare

EXTENDED VERBS

Zero CDU's (specify N20 or N72)

Coarse align CDU'’s (specify N20 or N72)

Fine align IMU

Load IMU attitude error needles (P00 only)

Terminate RR continuous designate (V41N72 Option 2)

45-46 Spare

Initialize AGS {R47)

Request DAP Data Load routine (R03)

Request Crew Defined Maneuver routine {(R62) (POO only)
Please perform

Spare

Mark cursor

Mark spiral

Mark X or Y reticle

Increment LGC time (decimal)

Terminate tracking (P20, P22, and P25)

Permit Landing Radar updates

Inhibit Landing Radar updates

Command LR to Position 2

Display vehicle attitude rates on FDAI error needles

LM-7

LIST OF VERBS USED IN PROGRAM LUMINARY

Display DAP following attitude errors (Mode 1)

Display total attitude errars with respect to N22 (Mode 2)
Start RR/LR Self-Test (R04)

Request S-Band Antenna routine (R05)

Disable U and V jet firings during DPS burns

Vehicles are attached. Move this vehicle state vector to other vehicle
Display W matrix RSS error

Cause Lunar Terrain model to be bypassed

Cause RESTART

Start LGC update, liftoff time (P27)

Start LGC update, block address (P27)

Start LGC update, single address (P27)

Start LGC update, LGC time (P27)

Initialize erasable dump via DOWNLINK {42 seconds)
Enable U and V jet firings during DPS burns

Minimum Impulse Command mode

Rate Command and Attitude Hold mode

Start LR spurious test (R77)

Stop LR spurious test

Enable LM state vector update

Enable CSM state vector update

Request Orbit Parameter display (R30)

Request Rendezvous Parameter display (R31)

Spare

Display Rendezvous Radar LOS azimuth and elevation
Spare

Request Rendezvous Final Attitude maneuver (R63) (POO only)
Request Out of Plane Rendezvous display {R36) (Non-Average g)
Display BANKSUM (P00 anly)

Start IMU performance tests (ground use) {OPR ERR)
Enable W matrix initialization (Clear REND W FLG)
Spare

No update of either state vector allowed (Via navigation)
Interrupt integration and go to P00

Perform Engine Fail procedure (R40)

Spare

Please Enable Engine Ignition



LM-8 LM-9

LIST OF NOUNS USED IN PROGRAM LUMINARY

LIST OF NOUNS USED IN PROGRAM LUMINARY
00 MNot in use

01V Specify address (fractional) KXXXX fractional 19 Spare
KAXHKXK fractional
KXXXXX fractional 20V Present ICDU angles 0G  XXX.XX deg
1G HAX. XX deg
02V  Specify address (whole) 7 XUX KX, integer MG  XXX.XX deg
9. 0.0 0.0 'Emeger
XXX XX, integer 21V PIPA's X HAXXX. pulses
; N XXXXX. pulses
03V KEX XX d
Specify address (degree) e iots deeg | z XXXXX. pulses
XXX.XX deg | .
! 22  Desired ICDU angles 0G  XXX.XX deg
04 Angular error/difference XXX XX deg | 1G KAX. XX deg
1 | MG  XXX.XX deg
05 Angular error/difference XAX. XX deg | 23 Spare
] i de 1D I |
Gl ol ! 24 Delta time for LGC clock 00XXX. h-
Data code Octal | 000X X, min
| OXX. XX s
07V  Channel/E Memory operator
i | 25 CHECKLIST {used with V50) Octal
Identifier Octal | : E
BIT ID G : {R2 valid for 000186)
Action Octal :
| 26 PRIO/DELAY, ADRES, BBCON Octal
08BV Alarm data Octal
ADRES Octal Qi
BEANK Octal I
ERCOUNT Octal 27V  Self-test onfoff switch Octal
08V Alarm codes 28-31 Spare
First Octal 32 Time from perigee 00X XX. h
Second Octal 000X X. min
Last Octal 3
OXX.XX s
10V Cha | to b ified Octal
el 33 Time of ignition 00XXX. h
11 TIG of CSI/T (APO APSIS) 00XXX. h 000XX. min
000X X. min OXX. XX s
OXX XX s
12 Option code (extended verbs only) Octal Sk e ofievERE SOXXX‘ h.
Octal | 00XX. min
| OXX. XX s
13 TIG of CDH 00XXX. h
000X X. min 35 Time from event 00XXX.h
OXX.XX s 000X X. min
14 Not in use. f Dxss
; 36V  Time of LGC clock 00XXX. h
15V Increment address Octal | 000X X. min
OXX.XX s
16 Time of event (used by extended verbs only) 00X XX. h |
000X X. min | 37 Time of ignition (TPI) 00X XX. h
OXX.XX s | 000X X. min
17  Spare | OXX. XX s
18  Desired automaneuver FDAI ball angles R XXX.XX deg | 38 V Time of state being integrated 00X XX. h
P XXX.XX deg | 000XX. min
Y XXX.XX deg | DXH. KX s

39 Spare

NOUNS WV — Can be called at any time for valid or partially valid data. i
NOUNS WV —  Can be called at any time for valid or partially valid data.



41

42

43

44

LM-10

LIST OF NOUNS USED IN PROGRAM LUMINARY

+ Time from ignition/cutoff

VG
Delta V (accumulated)

Target (V82 only)

Azimuth
Elevation

Apocenter altitude
Pericenter altitude
Delta V (required)

Latitude
Longitude
Altitude

Apocenter altitude
Pericenter altitude
TFF

45 V-R1* Marks

Time from ignition of next/last burn
Middie gimbal angle

46 V-R2* DAP configuration

Switch function fail code

47V LM weight

48

49

50
51

52

53

54

55

56

657

58

CSM weight

Gimbal pitch trim
Gimbal roll trim

Delta R

Delta V

Radar data source code
Spare

S-band antenna angles

Pitch (Alpha)
Yaw (Beta)

Central angle of active vehicle
Spare
Range

Range rate
Theta

Number of apsidal crossings
Elevation angle
Central angle of passive vehicle

RR LOS

Azimuth
Elevation

Spare
Pericenter altitude (post TPI)

Delta V (TPI)
Delta V (TPF)

XX b XX minfs
KHXK K ftfs
KKKK K ftfs

HXH. KX deg
KX XXX deg

XK nmi
KHEX KX nmi
KEHK K ftfs

KX K. XX deg [+ north)
KAX.XX deg (+ east)
HAKK X nmi

HHKK. X nmi
XHXX. X nmi
XX b XX min/s

XAXKXK.
XX b XX min/s
XXX XX deg

Octal
Octal

KXAXAKX. Ib
XXXXX. b

HHK KX deg
XXX XX deg

XK KK nmi
XXXXK.X ftfs
0000X

XXX.XX deg
XXX.XX deg

XAX. XX deg

XXX XX nmi
KAXKX ftfs
XXX. XX deg

XXXXX.
XXX.XX deg
XXX.XX deg

XXX.XX deg
XXX. XX deg

XAXXK.X nmi
KAXK.X ftfs
HHAX X frls

*Display cannot be changed via a data load (that is, V25 NXXE, and so forth)

NOUNS W —

Can be called at any time with valid or partially valid data.

59

60

61 *

62 »

63

64 «

65V

66"

67

68 =

69

70

7

72V

73

74

75 =

LM-11

LIST OF NOUNS USED IN PROGRAM

Delta V LOS 1
Delta V LOS 2
Delta V LOS 3

Forward velocity
Altitude rate
Computed altitude

Time to go in braking phase
Time from ignition
Crossrange distance

Absolute value of velocity
Time from ignition
Delta V {accumulated)

Delta Altitude (+LR =LGC)
Altitude rate
Computed altitude

Time left for redesignations (TR)/LPD
Altitude rate
Computed altitude

Sampled LGC time (fetched in interrupt)

LR slant range
LR position

LR VX
LR VY
LR VZ

Ground range to landing site
Time to go in braking phase
Absolute value of velocity

Landing site correction
Landing site correction
Landing site correction

AOT detent code/star code (before mark)

AOT detent code/star {after mark)
Mark X/Cursor Counter (Max = &)
Mark Y /Spiral Counter (Max = 5)

RR trunnion angle (360 degrees — CDU trunnion angle)

RR shaft angle

Desired RR trunnion angle {360 degrees
Desired RR shaft angle

Time from ignition
Yaw after vehicle rise
Pitch after vehicle rise

Delta altitude (COH)

Delta time (COH-CSI or TPI-COH) {Modular 60}
Delta time (TPI-CDH or TPI-NOMTPI) (Modular 60)

XN

LUMINARY

KHXKK T
KHKHH K s
KHKKK ftls

KUK X ftfs
XXXK.X /s
KEKKK.ft

XX b XX min/s
XX b XX min/s
KKK XK nmi

KHHK XK /s
XX b XX min/s
KAHAK K ftfs

190,00 8 e
KEKK K ftfs
KHXXKX, ft

XX b XX seconds/deg
KO K fifs
XHXAKX. Tt

00XXX. h
000X X. min
OXX. XX s

HKAUXKX, ft

00001/00002

KHXKX. ftfs
XAXKXK. ft/s
KHXKK. ft/s

HKHAK K nmi
XX b XX min/s
KHKK K ftfs

100,000 14
KAKKXK, 1t
KAXKX. Tt

Octal
Octal
Octal

Octal
Octal
Octal

KKK KK deg
KKK . XX deg

CDU trunnion angle) XXX.XX deg

XXX XX deg

XX b XX min/s
HARH. KX deg
XXX XX deg

KHH XK nmi
XX b XX min/s
XX b XX min/s

*Display cannot be changed via a data load (that is, V25 NXXE, and so forth)

NOUNS V — Can be called at any time for valid or partially valid data.



76

77

78

79

80

81

82

83

84

85

86

87

88

89

80

21

LM-12

LIST OF NOUNS USED IN PROGRAM LUMINARY

Desired downrange velocity
Desired radial velocity
Crossrange distance

Time to engine cutoff
Velocity normal to CSM plane (LM) (+Rt)
Absolute value of velocity

RR range
RR range rate
Time from ignition

Cursar angle
Spiral angle
Position code

Data indicator
Omega

Delta VX (LV) (+Fwd}
Delta VY (LV) (+R1)
Delta VZ (LV) {+Dn)

Delta VX (LV) (+Fwd)
Delta VY (LV) (+Rt)
Delta VZ (LV) {+Dn)

Delta VX (body) (+Up)
Delta VY (body) (+Rt)
Delta VZ (body} {+Fwd)

Delta VX (LV of other vehicla) (+ (R x V) x R)
Delta VY (LV of other vehicle) {+ (V x R))
Delta VZ (LV of other vehicle) {+ (-R})

VGX (body) {+ Up}
VGY (body) (+ Rt}
VGZ (body) (+ Fwd)

VGEX [LV) (+ Fwd)
VGY (LV) I+ Rt)
VGZ (LV) {+ Dn)

Backup optics LOS

Azimuth (+ Rt)
Elevation (+ Up)

Components of celestial body unit vector

Landmark latitude {+ North)
Landmark longitude/2 {+ East)
Landmark altitude

Rendezvous out of plane parameters

Y
Y dot
PSI

Altitude
Velocity
Flight path angle

PN = ¢

KAKKK s
KAHKK K ftfs
KA XXX nmi

XX b XX min/s
XEXX.X ft/s
XHAXKX ft/s

AKX AKX nmi
KHHKK ftls
XX b XX min/s

XXX. XX deg
XXX.XX deg
0000X

HHAKN
XXX XX deg

KAXK. XK ft/s
KHXKXK K /s
XHXK.X ft/s

KXHXK.X fts
KAKK K ftfs
KEKKK ftfs

KHKK K ftfs
XHXXK. X ftls
KUHK K s

KAXKX ft/s
KAXKX Ttis
KXXKX ftfs

HKHKK K s
KXKK K ftls
HHH MK s

XAXK XK ftfs
KAXK.X ft/s
KAXK.XK ft/s

XXX.XX deg
XXX.XX deg

KEXKK
D.9.0.¢.0.4
9.6.9.¢.9.4¢

KK KKK deg
KK KKK deg
HXK KX nmi

XXX XX nmi
XXXX.X ft/s
KXHK.XX deg

XXXXXb. nmi
XXXXX. fi/s
XXX.XX deg

*Display cannot be changed via a data load (that is, V25 NXXE, and so forth)

92

93

94

95
96
97

98

99

LM-13

LIST OF NOUNS USED IN PROGRAM LUMINARY

Percent of full thrust (10,600 Ib)
Altitude rate
Computed altitude

Delta gyro angles

VGX (LM) (+Up}
Altitude Rate
Computed Altitude

Spare
Spare

System test inputs

System test results and input

W Matrix Position error
Velocity error
Radar bias angle error

00X XX %
KAXXX ftfs
KXXXXK, ft

X XX.XXX deg
Y XX XXX deg
Z XX.XXX deg

KHXKXX ftfs
HAKKX ftfs
p0.9.0.0 &

}9.010.9.¢
KAKKXK.
AXKXXX.

HKAXXX.
KXAAX
KAXXX.

XXHXX, ft
KAXK X ftis
XX XXX radians



CODE

00111
00112

00113
00115
00206

00207
00210

00211
00212

00213
00214
00217
00220
00401

00402

00404
00405
00421
00501
00502
00503
00510
00511

00514
Q0515
00520
00522
00523
00525
00526
00527

00630

00600
00601

00602

00603
00604
00605

00608
00611
00701
00777
01102
01105
01106
01107

LM-14

LIST OF ALARM CODES USED WITH VERB 05
NOUN 08 FOR PROGRAM LUMINARY

PURPOSE

Mark missing

Mark or mark reject not being accepted/or
ROD input and Average G off

MNo inbits

Mark reject entered but ignored

Zero Encode not allowed with Coarse Align
plus Gimbal Lock

ISS turn-on request not present for 90 seconds
IMU not operating

Coarse Align error
PIPA fail but PIPA is not being used

IMU not operating with turn-on request
Program using IMU when turned off

Bad return from IMUSTALL

Bad REFSMMAT

Desired gimbal angles yields Gimbal Lock

FINDCDUW routine not controlling attitude
hecause of inadequate pointing vectors
Defined star not available in any detent

Two stars not available

W-matrix overflow

Radar antenna out of limits

Bad radar gimbal angle input

Radar antenna designate fail

Radar auto discrete not present

Meither or both LR antenna position bits present
for 10 seconds or more

RR goes out of Auto mode while in use

RR CDU Fail discrete present

RADARUPT not expected at this time

LR position change

LR antenna did not achieve Position 2

Delta Theta greater than 3 degrees

Range greater than 400 nmi

LOS not in Mode 2 coverage in P22

or vehicle maneuver reguired in P20

LOS not in Mode 2 coverage while on lunar
surface after 600 seconds

Imaginary roots on first iteration

Perigee altitude after CS1 < 85 nmi earth orbit,
< 35,000 feet moon orbit

Perigee altitude after CDH < 85 nmi earth orbit,
< 35,000 feet moon orbit

CS5l to CDH time less than 10 minutes

CDH to TPI time less than 10 minutes
Mumber of iterations exceeds P32/P72 loop
maximum (=15)

DV exceeds maximum

Mo T1G for given E angle

Illegal option code selected

PIPA Fail caused ISS warning

LGC self-test error

DOWNLINK too fast

UPLINK too fast

Phase table failure. Assume erasable

memory is suspect.

SET BY

RE3
RB7

R57

R57

IMU mode switching

V40 N20

T4RUPT

IMU mode switching,

R0O2

IMU maode switching, P51,
P57, RE0

IMU mode switching,
T4RUPT

T4RUPT

TARUPT

P51, P57, R0

R0O2, R47

In-flight alignment, IMU-2,
FINDCDUW

FINDCDUW

R59

Rb61

INTEGRV

R23

VAINT2

R21, non-* in V41 N72
R25, V40 N72

R12

P20, P22

R25

Radar read, P20, P22, R12
R0O4

V59

R22

P20

R24

R24

R21

P32, P72
P32, P72

P32,P72

P32
P32, P72
P32, P72

P32, P72

P33, P34, P73, P74
P57

T4RUPT
SELFCHECK
T4RUPT

T4RUPT
RESTART

CODE

01301
01406
01407

01410
01412
01466
01520
01600
01601
01703
01706

-02001

02002
02003
02004
03777
04777
07777
10777
13777
14777
20430
20607

21103
21204

21302
21406
21501

31104
31201
31202
31203
31206

31207
31210
31211
31502
32000

NOTE:

LM-15

LIST OF ALARM CODES USED WITH VERB 0b

NOUN 09 FOR PROGRAM LUMINARY
PURPOSE

ARCSIN-ARCCOS input angle too large

Bad return from ROOTPSRS during descent guidance
VG increasing (Delta V accumulated at

90 degrees from desired thrust vector)
Unintentional overflow in guidance

Descent ignition algorithm not converging
Throttle servicing insufficient

V37 request not permitted at this time
Overflow in drift test

Bad IMU torque

Too close to ignition; slip time of ignition
Incorrect program selected for vehicle
configuration

Jet failures have disabled Y-Z translation

Jet failures have disabled X translation

Jet failures have disabled P rotations

Jet failures have disabled U-V rotations

1CDU fail caused the 1SS warning

ICDU, PIPA fails caused the ISS warning

IMU fail caused the ISS warning

IMU, PIPA fails caused the 1SS warning

IMU, 1CDU fails caused the 1SS warning

IMU, ICDU, PIPA fails caused the 1SS warning
Acceleration overflow in integration

No solution from TIME-THETA or TIME-RADIUS

Unused CCS branch executed

WAITLIST, VARDELAY, FIXDELAY,
DELAYJOB, or LONGCALL called with zero
or negative delta time

SQRT called with negative argument

Bad return from ROOTPSRES during descent preignition
Keyboard and Display alarm during internal
use (NVSUB)

Delay routine busy

Executive overflow—no VAC areas

Executive overflow—no core sets

WAITLIST overflow—too many tasks

Second job attempts to go to sleep via
Keyboard and Display program

No VAC area for marks

Two programs using device at same time
Illegal interrupt of extended verb

Two priority displays waiting

DAP still in progress at next TERUPT

For V05 NO2 displays:

R1—XXXXX (first alarm to occur after last RSET)
R2—XXXXX (second alarm to occur after RSET)
R3—-XXXXX (alarm which occured last)

SET BY

INTERPRETER
P63, P64
P40, P42

P63, P64, P66
P63

P66

ROO

Ground Test
Ground Test
R41

P40, P42

DAP

DAP

DAP

DAP
TA4RUPT
TARUPT
TARUPT
TA4RUPT
T4RUPT
T4RUPT
Orbital integration
TIMETHET,
TIMERAD
ABORT
WAITLIST

INTERPRETER
Ignition algorithm
PINBALL

EXECUTIVE
EXECUTIVE
EXECUTIVE
WAITLIST
PINBALL

R53

IMU mode switching
R53

GOPLAY

DAP

3X XXX indicates an Abort code that results in a software RESTART
2X XXX indicates a more serious Abort code that results in the program

going to ROO

*This alarm displayed without having to key in V05 NOSE.

An astronaut response is required by this alarm.



LM-16

LIST OF CHECKLIST REFERENCE CODES USED WITH

VERB 50 NOUN 25 PROGRAM LUMINARY

R1 CODE ACTION TO BE EFFECTED PROGRAM
00013 Key in normal or gyro torque coarse align P52
00014 Proceed: Do fine alignment option R51, P63, P57
Enter: Do landing site determination {N89) P57 Option 2
00015 Perform celestial body acquisition R51, P51
00016 Unprocessed mark sets R53
(R2 contains the number of unused sets)
00062 Switch LGC power down P0G
00201 Switch RR mode to automatic P20, P22, R04
00203 Switch guidance control to PGNS, mode to Auto, P12, P42, P71, P40,
and (for P40, P63, and P70) switch thrust control P63, P70
to Auto
00205 Perform manual acquisition of CSM with RR R23
00500 Switch LR antenna to Position 1 P63
NOTES: Switch: denotes change position of a console switch
Perform: denotes start or end of a task
Key In: denotes key-in of data through the DSKY
LIST OF OPTION CODES DISPLAYED IN R1 IN
CONJUNCTION WITH VERB 04/05 NOUN 06/12 TO REQUEST THE
ASTRONAUT TO LOAD INTO R2 THE OPTION HE DESIRES
FOR PROGRAM LUMINARY
CODE PURPOSE INPUT FOR R2 PROGRAM
00001 Specify IMU Orientation 1 = preferred, 2 = nominal P52, P57
3 = REFSMMAT, 4 = landing site
00002  Specify vehicle 1 = this, 2 = other P21, R30
00003  Specify tracking attitude 1 = preferred, 2 = other R63
00004  Specify radar 1T=RBR,2=LR RO4
00006  Specify RR coarse align 1 = lockon, 2 = continuous V41N72
option designate
00010  Specify alignment mode 0 = anytime, 1 = REFSMMAT + g P57
2 = two bodies, 3 = one body + g
00012  Specify CSM arbit 1 = no orbit change, P22

option

2 = change orbit to pass over LM

ABTTFLG
ACCSOKAY
ACC4-2FL
ACCA40R2X
ACMODFLG
ALTSCALE*
ANTENBIT
AORBSYST
ACORBTFLG
AORBTRAN
APSEEW
APSFLAG
APSFLEBIT
ASTNEBIT
ASTNFLAG
ATTFLAG
ATTFLEIT
AUTOMBIT
AUTRIFLG*
AUTRZFLG*
AUXFLBIT
AVEGFBIT
AVEGFLAG
AVEMIDSW
AVFLAG
CALCMANZ
CALCMANG
CDESEBIT
CDESFLAG
CMOONF LG
COGAFLAG
CONTRLBT
CSMDOCKD
CULTFLAG
DAPBOOLS
DBSELECT
DBSELECT2
DESIGEIT
DESIGFLG
DIDFLEBIT
DIMOF LAG
DMENFEBIT
DMENF LG
DRFTEIT
DRIFTBIT
DRIFTDFL
DRIFTFLG
DSKYFBIT
DBORYFLG
ENGOMEIT
ERADFLAG
ETPIFLAG
FINALFLG
FLAP

FLPC

FLPI
FLRCS
FLRCSEIT
FLTS9BIT
FLTRAFLG
FLUNDBIT
FLUNDISP
FLVR
FREEFBIT
FREEFLAG
FRSTIME

FLAGWORD BIT ASSIGNMENTS (ALPHABETICAL)

FW9
FW13
FW13
FW13
FWwz2
FW12
FW12
FWS
FW13
FW13
Fwa
FW10
FW10
FW7
Fw7
FWe&
FWe
FW12
FW13
FW13
FWE
FW7
FW7
FWg
Fw2
FW2
FWw2
FW12
FW12
FW8
FWa
FW10
FW13
FW3
FW13
FW13
FW13
FW12
FWw12
FWw1
FW3
FWE
FWE
Fw2
FW13
FW13
Fw2
FWE
FW3
FW5
FW1
Fwz2
Fw2
FW9
FW9
FW9
FW9
FW9
FWwa
FW9
FW8
FW8
FWa
FWO
FW0
FW1

LM-17

FOR LUMINARY

B7
B3
B11
B11
B13
B9
B12

B10
B10
BS
B3
B13
B12
B12
B1
B1

B1
B2
B2
BS
BS
B1
BS

B3
B15
B15

B3
B3
B4

*These switches are never called by name.

FRSTMEIT
FSPASFLG
GLOKFAIL
GMEDRBIT
GMBDRVSW
GUESSW
HFAILFLG
HFLSHBIT
HFLSHFLG
IDLEFBIT
IDLEFLAG
IGNFLAG
IGNFLBIT
IMPULEBIT
IMPULSW
IMUSE
IMUSEBIT
INFINFLG
INITABIT
INITALGN
INTFLBIT
INTYPFLG
ITSWICH
JSWITCH
LETABBIT
LETABORT
LMOODNFLG
LOKOMNBIT
LOKONSW
LOSCMBIT
LOSCMFLG
LRALTEIT
LRBYBIT
LABYPASS
LRIMNH
LRINHBIT
LRPOSEIT
LARVELFLG®
LUNAFLAG
MANUFLAG*
MGLVFLAG
MIDAVFLG
MIDFLAG
MIDIFLAG
MKOVEBIT
MOONF LAG
MRKIDFLG*
MRKNWVEIT
MREKNVFLG
MRUPTFLG*
MUNFLAG
MUNFLBIT
MWAITFLG*
NEEDLBIT
NEEDLFLG
NEED2BIT
NEED2ZFLG
NEWIFLG
NJETSFLG
NODOBIT
NODOFLAG
NOLRRBIT
NOLRREAD
NOPO7BIT
NORMSW

FW1
FW0
FW3
FWEG
FWe
FW1
FW11
FW11
FW11
FW7
FW?7
FW7
FW7
FW2
Fw2
FWO
FWO
FWg
Fw8a
FW8
FW10
FW3
FW7
FWO
FWS
FWS
Fwa
FWO
FWO
Fwz2
Fw2
Fwi2
FW11
FW11
FW11
FW11
Fw12
FW12
FW3
FW7
FW5S
FW9
FWo
FW9
FW4
FWO
FW4
FWW4
Fiv4
FWW4
FWE
FW6
FW4
FWO
FWO
FWO
FWO
FWa
FW1
Fw2
FW2
FW11
FW11
FW3
EW7



NORRMBIT
NORRMON
NOTERBT
NOTERFLG
NOTHRBIT
NOTHROTL
NOUFFBIT
NOUPFLAG
NPGNCSBT
NPGMNCSFL
NRMNVFLG
NRMIDFLG*
NRUPTFLG*
NTARGFLG
NWAITFLG*
ORBWFLAG
ORDERSW
OURRCEIT
PDSPFBIT
PDSPFLAG
PFRATBIT
PFRATFLG
PINBRFLG
POOHF LAG
PRECIFLG
PRIODEIT
PRONVFLG
PSTHIBIT
PULSEFLG
PULSES
P21FLAG
P21FLBIT
P2Z5FLAG
P25FLEBIT
PEEPROBT
PEEPROFL
P7071FLG
QUITFLAG
RADMODES
RCDUFBIT
RCDUOEBIT
REDFLAG
REDFLEIT
REFSMEIT
REFSMFLG
REINTBIT
REINTFLG
REMODEIT
RENDWEIT
RENDWFLG
REPOSEBIT
RHCSCALE
RNDVZBIT
RNDVZFLG
RNGEDBIT
RNGSCEBIT
RNGSCFLG
RODFLAG
RODFLEBIT
ROTFLAG
RPQFLAG
RRDATABT
RRNBSW
RRRSBIT
RVSW
RO4FLAG

FLAGWORD BIT ASSIGNMENTS (ALPHABETICAL)

FW5
FW5
FW1
Fwi1
FW5
FW5
Fw1
FW1
FW10
FW10
FWw4
Fw4
FWw4
FW6
FW4
FW3
FW8
FW13
FW5
FWs
FWw2
Fw2
Fw4
FW3
FW3
Fw4
FW4
FW11
FW13
FW13
FWo
FWO
FWO
FWO
FWO
FWO
FWwg
FW9
FW12
FW12
FW12
FWE6

FW3
FW3
FW10
FW10
FW12
FWE
FW5S
FW12
FW13
FWO0
Fwo
FW11
FW5
FW5
FW1
FW1
FWg
Fwa
FW12
FWO
Fw12
FW7
FW3

LM-18

FOR LUMINARY

B4
B4
B11
B11
B12

B11
B11

B2
B9

*These switches are never called by name,

RO4FLBIT
R10FLG

R10FLBIT

R12ZRDEBIT
REB1FLAG
REBTFLBIT
R77FLAG
R77FLBIT
SLOPESW
SNUFFBIT
SNUFFER
SOLNSW
SRCHOBIT
SRCHOPTN
STATEBIT
STATEFLG
STEERBIT
STEERSW
SURFFBIT
SURFFLAG
SWANDEBIT
SWANDISP
S32.1F1
S32.1F2
S32.1F3A
S532.1F3B
TFFSW
TRACKBIT
TRACKFLG
TURNONBT
ULLAGER
ULLAGFLG
UPDATEIT
UPDATFLG
UPLOCEIT
USEQRJTS
VEHUPFLG
VELDABIT
VERIFEIT
VFAILFLG
VFLAG
VFLSHBIT
VFLSHFLG
VINTFLAG
VXINH
VXINHEBIT
V37FLAG
V37FLBIT
VB7FLAG
VB2EMFLG
XDELVFLG
XDSPEIT
XDSPFLAG
XORFLBIT
XORFLG
XOVINFLG
XOVINHIB
ZOOMBIT
ZOOMFLAG
SAXISBIT
3AXISFLG
360SW

FW3
FWO
FWO0
FW11
Fwi1
FWwi1
FW&S
FWE
FW1
FW5
FWE
FW5S
Fw2
FW2
Fw3
FW3
FW2
Fw2
FW8
FW8
FW7
FW7
FWE&
FW&
FWE
FW6
FW7
FWw1
Fwi1
FW12
Fw13
FW13
Fw1
FW1
FW7
FW13
Fwi1
FW11
FW7
FW11
FW3
FW11
FW11
FW3
FW11
FW11
FW7
FW7
FW7
FW7
FW2
FW4
Fw4
FW11
FW11
FW13
FW13
FWh
FW5
FW5
FWs
FW38

B9
B2
B2
B3
B10
B10
B11
B11
B3
B13
B13

B14
B14

B11

FLAGWORD BIT ASSIGNMENTS FOR LUMINARY

LM-19

{FLAGWORD 0, LOCATION 00?48]

Bit
1

10

12
13

14

Name

PEGPROFL
PEEPROBT

R10FLAG
R10FLBIT

FREEFBIT
FREEFLAG

NEEDLBIT
NEEDLFLG

LOKONBIT
LOKONSW

RRNBSW

RNDVZBIT
RNDVZFLG

IMUSE
IMUSEBIT

P25FLAG
P25FLEBIT

FSPASFLG
P21FLAG
PZ1FLEIT
MOONFLAG
MIDFLAG

JSWITCH

NEED2BIT
NEEDZFLG

1

Continue P66 harizontal velocity
nulling.

R 10 outputs data to altitude and
altitude rate meters only.

0

Stop PB6 horizontal velocity
nulling.

Besides outputs to altitude and
altitude rates, when set, R10 also
outputs data to forward and
lateral velocity crosspointer

Used by P51-P52 in many different routines and by lunar

and solar ephemerides.

Total attitude error displayed.

Radar lock-on desired.

Radar target in NB coordinates.

P20 or P22 running {radar in use).

IMU in use.

P25 operating.

First pass through reposition
routine, Allow alarm 526,

Succeeding pass through P21; use
base vectors already calculated.

Moon is sphere of influence.

| ntegration with secondary body and

solar perturbations.

Integration of W matrix.

Display DAP rates on FDAI
need |es.

AfP following error displayed.
Radar lock-on not desired.

Radar target in SM coordinates.

P20 or P22 not running.

IMU not in use.

P25 not operating

Mot first pass through reposition

routine. Do not allow alarm 526.

First pass through P21; calculate
base vectors.

Earth is sphere of influence.

integration without solar
perturbations.

| ntegration of state vector.

Check Bit 4 of this FLAGWORD
for display modes (1 or 2).



LM-20

FLAGWORD BIT ASSIGNMENTS FOR LUMINARY

(FLAGWORD 1, LOCATION 00?581

Bit

1
2
3

14

16

Name
Not Assigned
GUESSW
SLOPESW
FRSTIME
FRSTMBIT

TRACKBIT
TRACKFLG

NOUPFBIT
NOUPFLAG

UPDATBIT
UPDATFLG

VEHUPFLG
Not Assigned

RE1FLAG
RB1FLBIT

NOTERBT
NOTERFLG

RODFLAG
RODFLBIT
ERADFLAG
DIDFLBIT

NJETSFLG

No starting value for iteration,
Iterate with bias method in
iterator,
First time through reposition,
Tracking allowed,
Neither CSM nor LM state vector
be updated. o

Updating by marks allowecd,

CSM state vector being updated.

Run R61 LM,
LM Terrain Modael inhibited,

If in P66, normal operation continues.
Restart clears flag.
Compute REARTH Fischer allipsaid.

Inertial data is available.

Two-jet RCS burn,

Starting value for iteration exists.

Iterate with Regula Falsi method
in iterator.

Not first time through reposition.

Tracking not allowed.

Either state vector may be
updated.

Updating by marks not allowed.

LM state vector being updated.

Run R65 LM.
LR Terrain Model permitted.
If in P66, reinitialization is

performed.

Umi constant REARTH pad
us.

Purfo;m data display initialization
functions.

Four-jet RCS burn,

Bit

-

10
"

12

13

16

FLAGWORD BIT ASSIGNMENTS FOR LUMINARY

Name
NODOBIT
NODOFLAG
CALCMANZ
CALCMANI

PERATEIT
PFRATFLG

AVFLAG
FINALFLG

ETPIFLAG

XDELVFLG

IMPULBIT
IMPULSW

Not Assigned

STEERBIT
STEERSW

LOSCMBIT
LOSCMFLG

ACMODFLG
SRCHOBIT
SRCHOPTN

DRFTBIT
DRIFTFLG

LM-21

(FLAGWORD 2, LOCATION 00?58]

V37 not permitted.

parform maneuver starting procedure.

No final roll.

Proferred attitude computed,

LM is active vehiale,

L.ast pass through rendezvous
program computations.

Elgvation angle supplied for
P34, P74,

External Delta V VG computation.

Minimum impulse burn (cutoff
time specified).

Sufficient thrust is present.

Line of sight being computed (R21).

Manual acquisition by Rendezvous
Radar.

Radar in automatic search option
{R24).

TARUPT calls gyro compensation.

Va7 permitted.

Bypass starting procedure.
Final roll is necessary.

Praferred attitude not computed,

CSM is active vehicle.

Interim pass through rendezvous
program computations,

TPI time supplied for P34, P74 to
compute elevation,

Lambert {aimpoint) VG computation,

Steering burn (no cutoff time yet
available).

Insufficient thrust is present.

Line of sight not being computed (R21).

Auto acquisition by Rendezvous
Radar.

Radar not in automatic search
option.

TARUPT does no gyro compensation.



LMm-22

FLAGWORD BIT ASSIGNMENTS FOR LUMINARY

(FLAGWORD 3, LOCATION 00778}

Bit

1
2

1"

12
13

14
15

Name

DIMOFLAG
DEOROFLG

VINTFLAG
INTYPFLG

STATEBIT
STATEFLG

ORBWFLAG

CULTFLAG
PRECIFLG
RO4FLAG
RO4FLBIT
VFLAG

NOPO78BIT

LUNAFLAG

REFSMBIT
REFSMFLG

GLOKFAIL
POOHFLAG

1

W matrix is to be used.

Dimension of W is 9 for
integration.

CS5M state vector being integrated,
Conic integration,

Permanent state vector being
updated.

W matrix valid for orbital
navigation.

Star occulted.

Normal integration in POO,

RO4 running.

Less than two stars in the field
of view.

System tests not allowed.

Lunar latitude-longitude.

REFSMMAT good (protected
from FRESH START).

GIMBAL LOCK has occurred.

Inhibit backwards integration.

0

W matrix is not to be used.

Dimension of W is 6 for
integration.

LM state vector being integratod,
Encke integration,

Permanent state vector not being
updated.

W matrix invalid for orbital
navigation.

Star not occulted.

Engages four-time step (POO0)
logic in integration.

RO4 not running.
Two stars in the field of view,
System tests allowed.

Earth latitude-longitude.

REFSMMAT no good (protected
from FRESH START).

Not in GIMBAL LOCK,
Allow backwards integration.

LM-23

FLAGWORD BIT ASSIGNMENTS FOR LUMINARY

(FLAGWORD 4, LOCATION 010031

Bit

1"

12
13
14
15

Name

XDSPBIT
XDSPFLAG

Not Assigned
MKOVBIT
NRUPTFLG*

MRUPTFLG*
PINBRFLG
PRONVFLG
NRMNVFLG
MAKNVBIT
MRKNVFLG
NWAITFLG*

MWAITFLG®

Not agsigned
NRMIDFLG*®
PRIODBIT
MRKIDFLG*

Mark display not to be interrupted.

Mark display over normal.

Normal display interrupted by
priority or mark display.

Mark display interrupted by
priority display.

Astronaut has interferred with
existing display.

Astronaut using keyboard whan
priority display initiated.

Astronaut using keyboard when
normal display initiated.

Astronaut using keyboard when
mark display initiated,

Higher priority display operating
when normal display initiated.

Higher priority display operating
when mark display initiated.

Normal display in ENDIDLE,
Priority display in ENDIDLE.
Mark display in ENDIDLE.

*Thaese switches are never called by name,

No special mark information.

No mark display aver normal.

Mormal display not interrupted by
priority or mark display.

Mark display not interrupted by
priority display.

Astronaut has not interfarred with
existing disploy.

Astronaut not using keyboard when
priority display initiated.

Astronaut not using keyboard when
normal display initiated.

Astronaut not using keyboard when
mark display initiated,

No higher priority display operating
when normal display initiated.

No higher priority display operating
when mark display initiated.

No normal display in ENDIDLE.
No priority display in ENDIDLE.
Mo mark display in ENDIDLE.



(FLAGWORD 5, LOCATION 0101
Bit

1

LM-24

FLAGWORD BIT ASSIGNMENTS FOR LUMINARY

Name

RENDWBIT
RENDWF LG

MGLVFLAG
SOLNSW
NORRMBIT
NORRMON
AORBSYST

JAXISBIT
3AXISFLG

ENGONBIT

ZOOMBIT
ZOOMFLAG

DMENF LG
DMENFBIT

RNGSCBIT
RNGSCFLG

R7I7FLAG
R77FLBIT

NOTHRBIT
NOTHROTL

SNUFFER
SNUFFBIT

PDSFLAG
PDSPFBIT

DSKYFBIT

gl
1

W matrix valid for rendezvous
navigation,

Local vertical coordinates computed,

L‘ambert does not converge, or
time-radius nearly circular,

Bypass RR gimbal monitor.

Prefer P-axis jet
pairs 7, 16 and 8, 16,

Maneuver specified by three axes.

Engine turned on,

‘_rhrnttreup has occurred
in P63.

Dimension of W is 9 for
incorporation,

Scale change has occurred during
RR reading.

R77 is on; suppross all radar alarms
and tracker fails,

Inhibit full throttle.
U, V jets disabled during DPS

burns {VEB).

RE0 does priority display
and is restart protected,

Displays sent to DSKY.

0

W matrix invalid for rendezvous
navigation.

Middle gimbal angle computed.

Lambert converges or time-radius
noncircular.

Perform RR gimbal monitor,

Prefer P-axis jet
pairs 4,12 and 3, 11,

Maneuver specified by one axis;
REO call VECPOINT,

Engine turned off.

Throttleup has not
occurred in P63.

Dimension of W is 6 for
incorporation.

No scale change has occurred during
RR reading.

R77 is not on.
Permit full throttle.
U, V jets enabled during DPS

burns (V75).

RGO does normal display
and is not restart protected,

No displays to DSKY,

ELAGWORD BIT ASSIGNMENTS FOR LUMINARY

LM-25

(FLAGWORD 6, LOCATION 0102g}

1

10

12
13

14
15

Name

ATTFLAG
ATTFLEBIT

AUXFLBIT

NTARGFLG

Not Assigned
Not Assigned

REDFLAG
REDFLBIT

Mot Assigned

MUNFLAG |
MUNFLBIT

Mot Assigned

GMBDRBIT
GMBDRVSW

Not Assigned

§32.1F3B
S§32.1F3A

§32.1F2
532.1F1

1

LM attitude exists in moon-fixed
coordinates,

Providing |DLEF LAG is not set,
SERVICER will exercise DVMON on
its next pass.

Astronaut did overwrite Dolta V
at TPl or TPM (P34, P35).

Landing site redesignation permitted.

SERVICER calls MUNRVG.

TRIMGIMB over.

0

No LM attitude available in moon-
fixed coordinates.

SERVICER will skip DVMON on its
next pass even if the IDLEFLAG

is not set. It will then set
AUXFLBIT.

Astronaut did not overwrite
Delta V.

Landing site redesignation not
permitted.

SERVICER calls CALCRVG.

TRIMGIMB not over.

(Bits 12 and 13 function as an ordered pair (13, 12) indicating the possible
occurrence of two Newton iterations for $32.1:

(0, 0) — First pass of second Newton iteration,

{0, 1) — First Newton iteration being dgne,

{1, 0) — Remainder of second Newton ltpratlon,

{1, 1) — BO ft/s stage of second Newton iteration.)

First pass of Newton iteration.

Dolta V at CSI Time 1 excoods
maximum.

Reiteration of Newton.

Delta V at CS1 Time 1 less than
maximum.
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FLAGWORD BIT ASSIGNMENTS FOR LUMINARY

(FLAGWORD 7, LOCATION 0103,)

8

Bit Name 1

1 TFFSW Calculate TPERIGEE.

2 VE2EMFLG Moon vicinity,

4 VERIFBIT (Changed when V33E accurs at end of P27)

4 UPLOCBIT K-K-K fail.

5 AVEGFBIT AVERAGEG (SERVICE i
AVESERR L VICER) desired.

51 V3TFLAG AVERAGEG (SERVI i
VEEGES { VICER) running.

7 IDLEFBIT No Delta V manitor.
IDLEFLAG

8 VE7FLAG Astronaut overwrites W-matrix

initial values,

9 RVSW Do not compute final state vector
in time-theta,
10 NORMSW Unit normal input to Lambert.
11 SWANDBIT Landing anal i

RS g analog displays enabled.
12 ASTNBIT Astronaut has O igniti

RN 1 Ked ignition.
13 IGNFLAG TIG has arrived.
IGNFLBIT

14 MANUFLAG™ Attitude maneuver going on during

RR search.

15 ITSWICH P34; TP time to be computed.

*These switches are never called by name.

8]

Calculate TFF.

Earth vicinity.

No K-K-K fail. P

AVERAGEG (SERVICER) not desired.

AVERAGEG ISERVICER) off.
Connect Delta V monitor.

Astronaut does not overwrite
W-matrix initial values.

Compute final state vector in
time-theta.

Lambert computes its own normal.

Landing analog displays suppressed,
Astronaut has not OKed ignition.
TIG has not arrived.

No attitude manauver during

RR search.

TPI has been computed,

LM-27

FLAGWORD BIT ASSIGNMENTS FOR LUMINARY

(FLAGWORD 8, LOCATION 010483

Bit
1

12

13
14
15

MName
360SW
INITABIT
INITALGN
Mot Assigned
COGAFLAG

APSESW

ORDERSW

INFINFLG

SURFFBIT
SURFFLAG

Not Assigned.

FLUNDBIT
FLUNDISP

LMOONFLG

CMOONFLG

MNEWIFLG

Not Assigned
RPOFLAG

1

Transfer angle near 360 degrees.

Initial pass through P57.

MNo conic solution, too close to
rectilinear (COGA overflows).

RDESIRED outside of PERICENTER-
APOCENTER range in time-radius.

Iterator uses second order
minimum mode.

Mo conic solution (closure
through infinity required).

LM on lunar surface (protected
from FRESH START).

Current guidance displays
inhibited.

Permanent LM state vector in
lunar sphere (protected
from FRESH START).

Permanent CSM state vector in
lunar sphere (protected
from FRESH START).

First pass through integration.

RPQ not computed.
{RPQ = vector between secondary
body and primary body.}

0

Transfer angle not near 360
degrees.

Second pass through P57.

Conic solution exists (COGA
does not overflow).

RDESIRED inside of PERICENTER-
APOCENTER range in time-radius.

Iterator uses first order
standard mode.

Conic solution exists.

LM not on lunar surface (protected
from FRESH START).

Current guidance displays
permitted.

Permanent LM state vector in
earth sphere (protected from
FRESH START).

Permanent CSM state vector in
earth sphere (protected from
FRESH START).

Succeeding iteration of integration.

RPQ computed.
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FLAGWORD BIT ASSIGNMENTS FOR LUMINARY

(FLAGWORD 9, LOCATION 01055)

Bit

1

10

11

14

15

Name

AVEMIDSW

MIDAVFLG

MIDIFLAG

FLTEI9FLG
FLTSQBIT

QUITFLAG
ROTFLAG
ABTTFLAG
FLAP
LETABBIT

LETABORT
FLRCS
FLRCSBIT
ELPI

FLPG

P7071BIT
P7071FLG

FLVR

Not Assigned

1
AVETOMID calling for W-matrix
integration. Do not overwrite
RN, VN, PIPTIME. ;

Integration entered from one of
MIDTOAV paortals.

Integrate to TDEC.
Lunar surface mark pro-

cedure used during in-
flight alignment.

Discontinue integration.

P70 and P71 will force vehicle

rotation in the preferred direction.

J2, K2 parameters used for abort
targeting.

APS continued abort after
DPS staging (ascent guidance).

Abort programs are enabled.
RCS injection mode (ascent
guidanca).

Prgignitiun phase {ascent
guidance),

No position control (ascent
guidance),

P70 or P71 is using ascent
guidance equations.

Vertical rise (ascent
guidanca),

Q

No AVETOMID W-matrix integration.
Allow setup of RN, VN, PIPTIME.

Integration was not entered via
MIDTOAV.

Integrate to the then-present
time.

Normal marking to be
used during inflight alignment,

Continue integration,

P?OI and P71 will not force
vehicle rotation in the preferred
direction.

J1, K1 parameters used for abort
targeting.

APS abort is not @ continuation.
Abort programs are not enabled.
Main engine moda.

Regular guidance.

Pasition control,

P12 is using ascent
guidance equations,

MNonvertical rise.

S A ——

FLAGWORD BIT ASSIGNMENTS FOR LUMINARY

LM-29

{FLAGWORD 10, RASFLAG, LOCATION 01068:I

Bit

36

8-12
13

14
15

MName

NPGNCSFL
MPGNCSBT

COMTRLFL
CONTRLET

Mot Assigned

REINTBIT
REINTFLG

Mot Assigned

APSFLAG
APSFLEIT

INTELEIT

Mot Assigned

1

Last active DAP.
Pass done with an AGS
indication.

DAP controlling
Vehicle attitude.

Integration routine to be
RESTARTED.

Ascent stage (protected from
FRESH START).

|ntegration in prograss.

(FLAGWORD 11, LOCATION 010?8}

Bit

10

11
12

14

Name

HFLSHEIT
HFELSHFLG

VFLSHBIT
VFLSHFLG

R12RDBIT

RNGEDBIT
Not Assigned
VELDAEBIT

LRINH
LRINHBIT

XORFLBIT
XORFLG

NOLRRBIT
MOLRREAD

PSTHIBIT

VXINH
VXINHEIT

HEAILFLG

VFAILFLG

LRBYBIT
LRBYPASS

LR altitude fail lamp should be
flashing.

LR velacity fail lamp should be
flashing.

Wait until velocity reads done
before R12 processing.

LR altitude measurement made.

LR velocity measurement made.
LR updates permitted by astronaut,
Below limit; inhibit X-axis
override.

LR repositioning; bypass
update.

Posthigate.

Since Z velocity data unreasonable,
bypass X-axis velocity update on
next pass.

LR altitude reasonability test
failed.

LR velocity reasonability test
failed

Bypass all LR updates.

*These switches are never called by name.

Last active DAP.
Pass done with a PGNCS
indication.

DAP not controlling
Vehicle attitude.

Integration routine not to be
RESTARTED.

Descent stage (protected from
FRESH STARTI.

Integration not in progress.

0

LR altitude fail lamp should not
be flashing.

LR velocity fail lamp should not
be flashing.

Allow R12 processing of
velocity data.

LR altitude measurement not made.

LR velocity measurement not made.

LR updates inhibited by astronaut.
Above limit; do not inhibit.
LR not repositioning.

Prehigate.

Update X-axis velocity.

Passed LR altitude reasonability
test.

Passed LR velocity reasonability
test.

Do not bypass LR updates.
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LM-32

FLAGWORD BIT ASSIGNMENTS FOR LUMINARY

IMODES30, a flag whose individual bits are used to control the monitoring of IMU

functions associated with Channel 30 (and in a few cases Channel 33). LOCATION 1277,.

Bit
15
14

13

12

11

10

8
Meaning

Last sampled value of Channel 30, Bit 15 (0 if IMU temperature within limits).

Last sampled value of Channel 30, Bit 14 (0 if ISS has been turned on or commanded
to be turned on).

Last sampled value of Channel 30, Bit 13 (0 if an IMU fail indication has been
produced).

Last sampled value of Channel 30, Bit 12 (0 if an IMU CDU fail indication has been
produced).

Last sampled value of Channel 30, Bit 11 (0 if an IMU cage command has been
produced by crew).

Last sampled value of Channel 33, Bit 10 (0 if a PIPA fail indication has been
produced), having the same value as Bit 13 of IMODES33.

Last sampled value of Channel 30, Bit 9 (0 if IMU has been turned on and operating
with no malfunctions).

Bit used to control the IMU turn-on sequencing.
Bit used to control the IMU turn-on sequencing.
Bit is set to 1 to indicate that IMU initialization is being carried out.

Bit is set to 1 to inhibit the generation of program alarm 0212g if a PIPA fail signal
(Bit 13 of Channel 33) is produced.

Bit is set to 1 to inhibit generation of an 1SS warning based on receipt of an IMU fail
signal.

Bit is set to 1 to inhibit generation of an ISS warning based on receipt of an IMU CDU
fail signal.

Bit is set to 1 to indicate failure of the turn-on delay sequence for IMU turn-on (alarm
0207g is also generated).

Bit is set to 1 to inhibit generation of an 1SS warning based on receipt of a PIPA fail
signal {Bit 13 of Channel 33).

e

LM-33

FLAGWORD BIT ASSIGNMENTS FOR LUMINARY

IMODES33, a flag whose individual bits are used to control the monitoring of functions
associated with Channel 33 (and other items). LOCATION 13008

Bit
15
14

13

42

Meaning

Not assigned.

Last sampled value of Channel 32, Bit 14 (0 if a Proceed command is given using the
old “'standby”’ button).

Last sampled value of Channel 33, Bit 13 (0 if an accelerometer fail signal, or PIPA
fail, has been produced by hardware).

Last sampled value of Channel 33, Bit 12 (0 if a telemetry end pulse has been rejected
because the downlink rate is too fast).

Last sampled value of Channel 33, Bit 11 {0 if an uplink bit has been rejected because
the uplink rate is too fast).

Not assigned.

Bit is set to 1 when R10 is initialized during powered flight.
Not used.

Bit is set to 1 to indicate that IMU use for vehicle attitude information should not be
attempted, 4

Bit is set to 1 in IMU Zeroing routine external to T4ARUPT while zeroing is taking
place (for an interval of about 10.56 seconds).

Not assigned.

Bit is set to 1 when a Verb 35 (“lamp test”’) is received, and reset to O about 5 seconds
later.
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CHANNEL BIT ASSIGNMENT (LM)

INPUT CHANNEL 3

The high order lists of the LGC scaler. The least significant bit is worth 5.12 seconds. The
maximum value is equivalent to approximately 23.3 hours.

INPUT CHANNEL 4

The lower order bits of the LGC scaler. The least significant bit is worth 1 centisecond. The
maximum value is equivalent to 5.12 seconds.

Channels 3 and 4 are sampled as Time 1 and Tim

downlink lists.

BIT

1
2
&
4
5
6
7
8

Bits 9 - 15 not used

BIT

W~ W =

JET

DESIGNATION

B4U
A4D
A3U
B3D
B2U
A2D
AlU
B1D

JET

DESIGNATION

B3A
B4F
AlF
A2A
B2L
A3R
A4R
Bi1L

INPUT CHANNELS 3 AND 4

QUTPUT CHANNEL 5

JET NO.

ROTATION EFFECT

+\
-V
+U
-U
-V
+\
-U
+U

OUTPUT CHANNEL 6

JET NO.

7
3
15
11
12
38
4
16

ROTATION EFFECT

+P
-P
Hp
-P
+P
-P
+P
-P

e 2 and provide the time tags for the

(RCS JET FIRINGS)
TRANSLATION EFFECT

-X
+X
-X
+X
-X
+X
-X
+X

{RCS JET FIRINGS)
TRANSLATION EFFECT

+Z
-Z
-Z
+Z
+Y
Y
-y
+Y

e i 4

LM-35

LM RCS JET CONTROL AXES

LM+ X
(+P)

B2U-9 YAW AlU-13
BIL-16

B3A-7 ' -
(3 a3me ﬂncu atRa O ®
B3D-6 L+ Y AdD-2
(+0)
@ QUADS () SYSTEM A"
¥ svstemes-

JET DESIGNATION
A 4D
/ \

RCS FUEL SYSTEM EXHAUST DIRECTION
QUAD

The P, Q & R axis designations are The astronaut can disable jets on

used with rotations and the X, Y& 7 each QUAD only in pairs and according
designations are used with transla- to RCS fuel systems.

tions., U & V are used with both.
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BIT

X

=y ‘.
ommemﬂwm

11
12
13
14
15

I_\M-36

CHANNEL BIT ASSIGNMENTS {LM)
OUTPUT CHANNEL 11

1SS Warning

Light Computer Activity Lamp
Light Uplink Activity Lamp
Light Temperature Caution Lamp
Light Keyboard Release Lamp
Flash Verb and Noun Lamps
Light Operator Error Lamp
Spare

Test Connector Qutbit
Caution Reset

Spare

Engine On

Engine Off

Spare

OUTPUT CHANNEL 12

Zero Rendezvous Radar CDU's

Enable Rendezvous Radar Error Counters

Mot Used

Coarse Align Enable

Zero IMU CDU's

Enable IMU Error Counters

Spare

Display Inertial Data

+Pitch Vehicle Motion (-Pitch Gimbal Trim, Bell motion)
-Pitch Vehicle Motion (+Pitch Gimbal Trim, Bell motion)
+Roll Vehicle Motion (-Roll Gimbal Trim, Bell motion)
-Roll Vehicle Motion (+Roll Gimbal Trim, Bell motion)
Landing Radar Position 2 Command

Rendezvous Radar Enable Auto Track

ISS Turn-on Delay Complete

BIT

WO AWK =

10

LM-37

CHANNEL BIT ASSIGNMENTS (LLM)

OUTPUT CHANNEL 13

Radar Select ¢

Radar Select b

Radar Select a

Radar Activity

Inhibit Uplink, Enable Crosslink (should not be set to 1)
Block Inlink
Downlink Word Order
RHC Counter Enable
Start RHC Read

Test Alarms

Enable Standby

Reset Trap 31-A
Reset Trap 31-B
Reset Trap 32

Enable TERUPT

Channel 13 Radar Selections

poid

- et b OO OO

=
_|

DO~ O s Wk =

b c Function

0 0 —

0 1 Rendezvous Radar range

1 0 Rendezvous Radar range rate
1 1 —

0 0 Landing Radar X velocity

0 1 LLanding Radar Y velocity

1 0 Landing Radar Z velocity

1 1 Landing Radar range

OUTPUT CHANNEL 14

Outlink Activity (should not be set to 1)
Altitude Rate Select
Altitude Meter Activity
Thrust Drive

Spare

Gyro Enable

Gyro Select b

Gyro Select a

Gyro Sign Minus

Gyro Activity

Drive CDU S

Drive CODU T

Drive CDU Z

Drive CDU Y

Drive CDU X

Channel 14-Gyro Selection

3

—-=0o0

b Gyro
0 A5
1 X
0 Rl
1 i



LM-38
CHANNEL BIT ASSIGNMENTS (Lm)

INPUT CHANNEL 15

BIT
1-5 KEY codes from main DSKY
6-15 Spare
KEY CODE
DSKY CHARACTER CHANNEL 15
(BITS 5 THROUGH 1)
0 10000
1 00001
2 00010
3 00011
4 00100
5 00101
6 00110
7 00111
8 01000
9 01001
VERB 10001
NOUN 11111
ENTER (ENTR) 11100
ERROR RESET {RSET) 10010
CLEAR {CLR}) 11110
KEY RELEASE (KEY REL} 11001
"+ (PLUS) 11010
L IMINUS) 11011
PROCEED (PRO} NONE (HARDWARE

ONLY USE V33E)

BIT

EN TN AT

o
=
o

BIT

-
OO~ LWKN -

11

P T S
[ep IR AN N

NOTE:

LM-39

CHANNEL BIT ASSIGNMENTS (LM)
INPUT CHANNEL 16

Spare

Mark X
Mark Y
Mark reject
Descent +
Descent -
Spare

INPUT CHANNEL 30

Abort with Descent Stage
Descent Stage Attached
Engine Armed

Abort with Ascent Stage
Auto Throttle

Display Inertial Data
Rendezvous Radar CDU Fail
Spare

IMU Operate

G/N Control of S/C

IMU Cage

IMU CDU Fail

IMU Fail

1SS Turn-On Request
Temp in Limits

All of the input signals in Channel 30 are inverted; that is, a ZERO bit
indicates that the discrete is ON.

BIT

[ G
QAEWUN=S00N~-NOA BLWN =

NOTE:

INPUT CHANNEL 31

+EL {LPD), + PMI

-EL (LPD), - PMI
+ YMI
-YMI

+AZ (LPD}, +RMI

-AZ (LPD), -RMI

+X Translation

-X Translation

+Y Translation

-Y Translation

+Z Translation

-Z Translation

Attitude Hold

Auto Stabilization

Attitude Control Qut of Detent

All of the input signals in Channel 31 are inverted; that is, a ZERO bit indicates
that the discrete is ON.



LM-40
CHANNEL BIT ASSIGNMENTS (LM}
INPUT CHANNEL 32

BIT

1 Thruster 2 — 4 Disabled by Crew

2 Thruster 5 — 8 Disabled by Crew

3 Thruster 1 — 3 Disabled by Crew

4 Thruster 6 — 7 Disabled by Crew

5 Thruster 14 — 16 Disabled by Crew

6 Thruster 13 — 15 Disabled by Crew

7 Thruster 9 — 12 Disabled by Crew

8 Thruster 10 — 11 Disabled by Crew

9 Descent Engine Gimbals Disabled by Crew
10 Apparent Descent Engine Gimbal Fail
11-13 Spare
14 Proceed
15 Spare
NOTE:

All of the input signals in Channel 32 are inverted; that is, a ZERO
bit indicates that the discrete is ON.

INPUT CHANMNEL 33

BIT
1 Spare
2 Rendezvous Radar Auto-Power On
3 Rendezvous Radar Range Low Scale
4 Rendezvous Radar Data Good
5 Landing Radar Range Data Good
6 Landing Radar Position 1
7 Landing Radar Position 2
8 Landing Radar Velocity Data Good
9 Landing Radar Range Low Scale
10 Block Uplink Input®*
11 Uplink Too Fast
12 Downlink Too Fast
13 PIPA Fail
14 LGC Warning (repeated hardware or software alarms)
15 Oscillator Alarm

*This bit reads ONE when accept uplink signal is present at interface.

NOTE:
All of the input signals in Channel 33 are inverted; that is, a
ZEROQ bit indicates that the discrete is ON. Bits 15-11 are
flip-flop bits reset by a channel write command, restart, and
T4RUPT loop.

INPUT CHANNEL 77

BIT

o

1 Spare

Scaler Double Freguency

Scaler Fail

Counter Fail

Voltage Fail

Night Watchman

RUPT Laock

TC Trap

E Memory Parity Fail

E Memory or F Memory Parity Fail

SN hO O d



