Digital Autopilot Docked Jet Selection

DKJSLECT
Set TIME5 to cause program interrupt #2 in 6 centi-seconds
If DAPZRUPT » O:
Proceed to "BAILOUT" (pattern 320008)
DAPARUPT = ARUPT
dp
(BRUPT, QRUPT)

Il

DAPBQRPT

BRUPT = Instruction stored at location SUPERJOB

DAPZRUPT , = ZRUPT
dp dp

ZRUPT = Address of SUPERJOB + 1 (S register portion)

Resume (Causes the "SUPERJOB" "jask' to be entered promptly
while allowing other interrupts, e.g. telemetry, to occur)

SUPERJOB

TS = channel 31

If bits 14-13 of C31FLWRD # 00,:
TS = C31FLWRD

If bit 14(Free Mode complement) of TS = O:
If INHIBIT > O: (Tag here "YZFREE'")

Procéed to "BURBLE"

If INHIBIT = +O:

By = = (channel 31) (gives "true" values of trans-
lation hand controller bits)

TS = (bits 10-9 of TS,), shifted right 8 places (t 1)

TAUY = K
ZOOmstéTS_l
TS = (bits 12-11 of TSl), shifted right 10 places (L Z)

TAUZ = K
200mst6g

Proceed to "NOBYPASS"
If INHIBIT » O: (Tag here "INHIBCHK'")
Proceed to '"BURBLE"

Proceed to "NOBYPASS"
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NOBYPASS

TRCOMPAC

i
o

TRCOMPBD

i
(®)

5PT = 0
5YWT = O
61PT = O
61YWT = O
62PT = O
62YWT = O
DELFIG = O

Proceed to "P/YWCOMP"

i=1 (in SPNDX cell, means yaw; O for pitch)
If TAUL, = O: (rotation command zero)
If TAUZi = 0: (Tag here "YZCHECK'")
Proceed to ''SPNDXCK"
Proceed to '"FORCE"

If bit K " of DAPDATR3 = 1: (bit 4 for i = 0; bit 1 for i =1)

pek,
Proceed to '"FORCE"
Proceed to '"COUPLE"
COUPLE
TS =0
If TAUL, <O:
TS =1
TS = TS + 2i (odd for negative command)

TS (jets to implement command)

=K .
1 ppltchtcTS
5PW, = TS, (for 1 =1, load 5YWW)
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If TSl/\ CH5FAIL = O: (i.e. selected jets not failed)
Proceed to "GOODA"

If bit K of DAPDATR3 = 1: (bit 4 for i = 0; bit 1 for i = 1)

pcki

Proceed to "P/YWALRM"
Proceed to '"FORCE'
FORCE
TS =0
If TAUZi <0:
TS =1

TS =18 + 2i

TS, = szforceTS (jets to implement command)
62PW. = TS
i 1
If TSy M CH6FAIL = O: (i.e. selected jets not failed)

Proceed to "GOODB'"
1s,. = TS. f) (- CH6FAIL)
2 1
If TS, = O (i.e. all jets bad)
62PTi = (for i = 1, loads 62YWT) (Tag here '"BADC")

If bit K, ~ of DAPDATR3 = 1: (bit 4 for i = 0; bit 1 for i = 1)

pck,
Proceed to "COUPLE"

Proceed to "P/YWALRM"

Il

61Pwi = TS (for i = 1, loads 61YWW) (Tag here '"GOODC")

2

If TS, N KprOllbdZi = 0:

Proceed to "NEGRDIST"

If TAUZ, ) o: (for 1 = 1, checks TAUY)
DELFLG = DELFIG + bit (8 - i) (bit 8 set 1 for i = 0; bit 7 for
i=1)
61PT, = |TAUZ| (for i =1, loads 61YWT)
TS = - |TAUZ, |
A

Proceed to "TRCOMP'"
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NEGRDIST
DELFIG = DELFIG + bit (6 - i)
If TAUZ, <O:
DELFIG = DELFIG + bit (8 - i)
61PT, = |TAUZ 4
TS = ,TAUZ.,
i
Proceed to "TRCOMP"
TRCOMP

TS, = TS

2 Calphapi _
If bit (8 - i) of DELFIG = O:

TRCOMPACi = TRCOMPAC:.L + TS =+ T82

If bit (8 - i) of DELFIG = 1:
TRCOMPAC. = TRCOMPAC, + TS - TS
al i 2
If TAUL, <0:
DELFIG = DELFIG + bit (4 - 1)

Proceed to '"SPNDXCK"

(for i = 1, uses TRCOMPBD)

GOODA
TS = 4 TAUL, (4 factor because of 2 jets)
If TS <€0:
DELFIG = DELFLG + bit (12 - i)
5PT, = Jsi (for i = 1, loads 5YWT)

Proceed to '"SPNDXCK"

GOODB

62PT, = (% TAUZ,|  (for i =1, loads 62YWD with TAUY information)

If TAUL, <0:

DELFILG = DELFIG + bit (12 - 1) + bit (4 - i)

If TAUZi> 0: (for i = 1, checks TAUY)

DELFIG = DELFLG + bit (10 - i)

TRCOMPBD ., = TRCOMPBD . + C
-1 -1 alphapi
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Proceed to "SPNDXCK'
P/YWALRM Entered from "COUPLE" and '"FORCE'
If bit 12(500%¢FLG) of FLAGWRD3 = O: (set O e.g. by "DONOUN89")
Perform "ALARM" (pattern 05008)
Set bit 12(500%*FLG) of FLAGWRD3 = 1

Proceed to "SPNDXCK"

SPNDXCK
If i>0:
i=1-1
Proceed to second line of '"P/YWCOMP"
If TRCOMPAC.; Qs (Tag here "ROLLCOMP")
If TRCOMPBD &£ O: (Tag here "TCOMPACH")
TS = TRCOMPBD + TRCOMPAC (opposite signs, set larger
to the sum and other to 0)
If TS £ 0:
TRCOMPBD = TS (Tag here "RC1")
TRCOMPAC = O
If T8 > O
TRCOMPAC = TS (Tag here "RC3")
TRCOMPBD = O

If TRCOMPAC < O:
If TRCOMPBD > O: (Tag here "TCOMPAC-'")

TS = TRCOMPBD + TRCOMPAC

Ir Ts € 0:
TRCOMPAC = TS
TRCOMPBD = O

If TS D O:
TRCOMPBD = TS

TRCOMPAC = O
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i = (bit 13 of DAPDATR3) (1 or 0) (Tag here "RPREFCK')
If TAU # O: (roll desired)
Perform "ROLLMATH"

Perform "ROLIMATH"  (2nd time)

Perform '"MERGMATH" (Tag here '"COMBINE'")
Perform "MERGMATH" (2nd time)
TS = TAU + TRCOMPBD_, (for i = 1, gets TRCOMPAC)

Perform "CPLMATH"
T5TEMP2 = TS
If T8 = O3 (i.e. jets good)

Proceed to "PASS2"

62PTi =0 (for 1 = 1, loads 62YWT)
T5TEMP2 = TAU
If TRCOMPBD_; # O: (for i =1, checks TRCOMPAC)

Perform "ROLLAIRM"
Proceed to "PASSR2'"
PASS2
i=)1-1] (if 0, set to 1; if 1, set to O)
T5TEMP2 = T5TEMP2 + TRCOMPBD_, (for 1 = 1, gets TRCOMPAC)
TS = T5TEMP2
Perform "CPLMATH"
If TS # O:
62PTi =0 (for i = 1, loads 62YWT)
Perform "ROLLAIRM"
If any computed times (5PT, 5YWT, 61PT, 61YWT, 62PT, 62YWT) # O:
If that time is <K

1hms *

Set that time to thms

Proceed to "BURBLE"
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ROLIMATH

4= H =7
If TRCOMPAC, = O: (for i = 1, check TRCOMPBD)
Return

i TRCOMPACi‘) Qs
If TAU > O: (Tag here "PLUSCOMP')
Return
TRCOMPACi = TRCOMPAC:.L + TAU
If TRCOMPAC, > O:
TAU = O
Return
TAU = TRCOMPACi
TRCOMPACi =0
Return
If TAU KL O: (TRCOMPACi & 0 if here) (Tag here "MNUSCOMP'")
Return
TRCOMPAC:.L = TRCOMPACi + TAU
If TRCOMPAci.s 0:
TAU = O
Return
TAU = TRCOMPAC:.L
TRCOMPAC:.L =0
Return
MERGMATH

(checks 62YWT for i = 1)

I
54

If 62PT,
Qi
i=]1i-1]

Return
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j= -1 (in T5TEMP cell)
TS = TRCOMPBD_, (TRCOMPAC for i = 1)
If TS = 0:
Proceed to "TESTTAU"
If TS » O:
Proceed to "SIDEt+"
Proceed to "SIDE-"
TESTTAU
TS = j

j=-14 (TRCOMPBD_ , is TAU)

n
If TS = j: (means have already been through once)
i=[i-1]
Return
TS = TAU
If TS »O0:
Proceed to "SIDE+"
If TS £ 0:
Proceed to "SIDE-"
i=l1i-1]
Return
SIDE+
T5TEMP2 = ITS' (Ts = TRCOMPBD_i or TAU, for j = 0/-1 or -4)
If TAUZ, > O: (for i = 1, TAUY)

Set bit (8 - 1) of DELFIG = 1

61PN, =K . avq. . [) 62PW, (combine roll with Y/Z translation)
P 2i (for i = 1, 61YWW loaded using 62YWW)
T8 = 2 (62PTi) - T5TEMP2 (for i = 1, 62YWT; factor of 2 for 2 jets)
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Ir Ts £0:

TRCOMPBD, = - TS (tag "TAGD" - 1) (for j = -4, TAU; for
J 3 = -1, TRCOMPAC)
61PTi =2 (62PTi) + 61PTi (for i = 1, 61YWT and 62YWT)
62PT, = 0
1
i=]i-1
Return
62PT, = 2 TS (Tag here "TAGC'")

TRCOMPBDj = 0
61PT, = 61PT, + T5TEMP2
Proceed to "TESTTAU"
SIDE-
T5TEMP2 = [1S)
Set bit (6 - i) of DELFLG = 1
If TAUZ, < 0: (for i = 1, TAUY)

Set bit (8 - i) of DELFIG = 1

61PWi = KmrollbdZi'n 62Pwi (i = 1, 61YWW loaded, using 62YWW data)
T8 = 2 (62PTi) -  T5TEMP2 (for i = 1, 62YWT)
Ir TS £ O:

TRCOMPBD, = TS (Tag here "TAGD") (for j = -4, TAU; for
J 3 = -1, TRCOMPAC)

61PTi = 2 (62PTi) + 61PTi (for i = 1, 61YWT and 62YWT)
62PT, = 0
i 1§
i=|i-1)
Return
62PTi = 4178 (Tag here "TAGC")

TRCOMPBDj =0
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61PTi = 61PTi + T5TEMP2

Proceed to "TESTTAU"

CPLMATH
15 = & T8
If T8 = 0
Return
If TS > O0:
62PT, = |ts) (i = 1, load 62YWT)  (Tag here "CPL+")
Set bit (10 - i) of DELFLG = O
j=21
If T8 €0:
62PT, = [Ts] (Tag here "CPL-")
Set bit (10 - i) of DELFIG = 1
j= 21 + 1
DELFIG = DELFLG + bit (14 - i) (Tag here '"TAGE")
62PW, = Kprollbdj (i = 1, load 62YWW)
TS = 62PWi ) CH6FAIL (non-zero for jet failures)
Return
BURBLE
DFT = O (DFT same as DFT; DFT1, same as DFT,; DFTl, same as DFT2)

TS = (bits 8-7 of - channel 31), shifted right 6 places (f X trans.
"true' values)

If TS = O:
5AXW = O
5BXW = O
i=1

Proceed to "GOCYCLE"

ATTKAIMN = -5
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If bit 10 of DAPDATR3 = O:
5AXW = 0
If bit 10 of DAPDATR3 = 1:
5PT = 0
AXW = K - CH5FAIL
5 oy ) (- CHSEATL)
If bit 7 of DAPDATR3 = O: (Note that if bits 10 and 7 both
0, get no translation)
5BXW = O

If bit 7 of DAPDATR3 = 1:

5YWT = O

Il

N\ (- CH5FAIL)

5BXW cae
PXaCngiy

i = L

Proceed to '"GOCYCLE"

GOCYCIE
TLEFT = 0
T = K1 oomsté
TS = TT - 61PTi (for i = 1, uses 61YWT)
If TS > O:
TLEFT = T8
TT = X, qomst6 ~ TLEFT (i.e. 6lPTi)
If TT = O:
Proceed to "NO61PT"
T5TEMP = TT (Tag here "LONG61PT")
TS = T5TEMP

If bit (8 - i) of DELFIG = 1:

TS = - TS
T5TEMP = T5TEMP + Calphapi TS
TS = T5TEMP
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If bit (6 - i) of DELFIG = 1:
T8 = — T8

DFT = DFT + TS

T8 = TT
If bit (4 - i) of DELFIG = 1:
T8 = - T8
DFT1, = DFT1, + TS
Proceed to 'NO61PT"
NO61PT
TT = TIEFT
TS = TT - 62PTi (for i = 1, 62YWT)
If TS ) O:
TT = TLEFT - TS (i.e. 62PTi)
If TT = O:
Proceed to '"NOA62PT"
T5TEMP = 2 TT (Tag here "LONG62PT'")

If bit (14 - i) of DELFIG = O:

T5TEMP = C T5TEMP

alphapi
78 = 2 77
If bit (12 - i) of DELFIG = 1:
T8 = = T8
DFT1., = DFT1, + TS
a 8 1
TS = T5TEMP (Tag here "ROLLCPL")
If bit (10 - i) of DELFIG = 1:
T8 = - TS
DFT = DFT + TS

Proceed to ''NO62PT!"
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NO62PT

T e KlOOmsté
TS = TT - 5PT, (i =1, 5YWT)
If TS > O:
TT = Ky gomst6 ~ IS (i.e. SPTi)
Tf 7 = @
Proceed to "NO5PT"
T8 =] TT| (Tag here "LONG5PT")

ecpi
If bit (2 - i) of DELFIG = O:
T8 = 2 T8
If bit (12 - i) of DELFIG = 1:
8 = ~ T8
DFT1, = DFT1. + TS
1 1

Proceed to "NO5PT!

i= 4i-1
Proceed to "GOCYCLE"

If INHIBIT > O:

INHIBIT = INHIBIT - 1, limited .» +O (Tag here "JETSON")

i

If bit 14 of 5WORD = 1: (set in "DKT6")
Set bit 14 of 5WORD = O
Perform "SETUPT6"
Proceed to "NOTIMING"
TS, = 61PT + 62PT (in L register; Tag here "INHIBCMP")

T82 = 61YWT + 62YWT
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3 2 1
If TS3 £ O:
T8 = T8,
If 1S3 > O
TS = Ts3 + TS, (i.e. Tsz)
If TS # O: (Tag here "ZONK'")
TS = (Kldléo TS)integral + 1 (units of 0.1 second
oy passes now)
INHIBIT = TS (zero value likely to be -0)

Perform "SETUPT6"
Perform "TIMING"
Proceed to "NOTIMING"
NOTIMING
T5PHASE = -0
T5L0C = "RCSATT"
Return to task status (via EDRUPT instruction at "MAKERUPT")
ARUPT ., = DAPARUPT (Tag here "ENDJASK")

dp

(BRUPT, QRUPT) = DAPBQRPT (QRUPT not actually loaded, although

effect equivalent)
ZRUPT = DAPZRUPT )

dp dp
DAPZRUPT = -16383
Resume
TIMING
Inhibit interrupts
SWORD = O

6WORD

i

0
NEXT6INT = TIMEHOLD
i#= 1

Proceed to "T6LOOP"
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T6LOOP
I SET; =8 (for i = 1, checks 5YWT)
SWORD = 5WORD + 5AXW, (i =1, 5BXW) (Tag here "NO5TIME")
If 5PT, # 0:
If (NEXT6INT - 5PT,) > O:

NEXT6INT = 5PTi

SWORD = 5WORD + 5PW, (for i = 1, 5YWW)
If 61PTi = O: (for i = 1, checks 61YWT) (Tag here "TEST61PT')
If 62PT, # 0: (Tag h?re "NO6LTIME")
If (NEXT6INT - 62PTi) > 0: (i =1, 62YWT)

NEXT6INT = 62PT,
6WORD = 6WORD + 62Pwi (i =1, 62YWwW)
ik 61PT1 # 0O:
If (NEXT6INT - 61PTi) > 0:

NEXT6INT = 61PTi

6WORD = 6WORD + 61Pwi (1 =1, 61YWW)
If 43 0: (Tag here '"COUNTDWN')
i=41i-1

Proceed to "T6LOOP"

Release interrupts

Return
SETUPT6

Inhibit interrupts

TIME6 = thms

Perform "C13STALL"

Set bit 15(TIME6 Count Enable) of channel 13 = 1

TIMEHOLD = KlOOmsté
Release interrupté

Return
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KT6

If DAPZRUPT > O:

Set bit 14 of 5WORD =

Resume

Channel 5 = 5WORD

il

Channel 6 = 6WORD
TIME6 = NEXTHINT

Perform '"C13STALL"

(Entered from "T6START' if WHICHDAP = 1)

1.

Set bit 15(TIME6 Count Enable) of channel 13 = 1

Perform "TIMEUPDT"
Resume
TIMEUPDT
i=1
TS = NEXT6INT - 5PTi
If TS £ 0:
., = =TS
i
TS = NEXTHINT - 6lPT:.L
If TS £0:
61PT., = - TS
i
Proceed to '"GOROUND"
TS = NEXTHINT - 62PT:.L
If TS £0:
62PT, = - TS
i
Proceed to "GOROUND
GOROUND
If i > O:

i=31-1

(for i = 1, 5YWT)

(i =1, 61YWT)

(i = 1, 62YWT)

Proceed to second line of "TIMEUPDT"
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TIMEHOLD = TIMEHOLD - NEXTAINT
If TIMEHOLD £ O:
TIMEHOLD = Ky g0 ¢
Proceed to "TIMING"
ROLLALRM Entered from "SPNDXCK" and "PASS2"
If bit 11(501%*FLG) of FLAGWRD3 = O: (set 0 e.g. by '"DONOUN&9")
Perform "ALARM"  (pattern 05018)
Set bit 11(501%*FIG) of FLAGWRD3 = 1

Return
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Quantities in Computations

See also list of major variables and list of routines

5AXW: Single precision X translation jet bits for channel 5 using the A/C
system, loaded in "BURBLE" based on X-translation channel bits and
assembled into 5WORD in "TALOOP". SAXWl is 5BXW, and information
is in octal.

5BXW: Single precision X translation jet bits for channel 5 using the B/D
system (see 5AXW).

5PT: Single precision time (remaining) for transmission of jet information
in 5PW, scale factor B1O, units centi-seconds. It is decremented in
"TIMEUPDT', SPTl is 5YWT.

5PW: Single precision octal pitch-command Jjets for channel 5, transmitted
under control of the time information in 5PT. 5PWl is 5YWW.

5WORD: Single precision cell assembled in "T6LOOP" giving the jet pattern
to be loaded into channel 5 when "DKT6'" is entered. Bit 14 of the
word is set 1 in "DKT6" if the interrupt generated while the jet-
selection jask is going on, and is checked in "NO5PT",

5YWT: Single precision time (remaining) for transmission of jet information
in 5YWW, scale factor BlO, units centi-seconds (see 5PT).

5YWW: Single precision octal yaw-command jets for channel 5, transmitted
under control of the time information in 5YWT.

61PT: Single precision time (remaining) for transmission of one-jet "pitch'"/
roll control information in 61PW, scale factor B1O, units centi-seconds.
It may reflect a combined rotation and translation, and hence if it
is non-zero it takes priority over time (and jet selection) information
controlled by 62PT (see "TALOOP" logic). 6lPTl is 61YWT.

61PW: Single precision octal one-jet ''pitch' command for channel 6, trans-
mitted under control of the time information in 61PT. 61PW1 is 61YWW.

61YWT: Single precision time (remaining) for transmission of jet information
in 61YWW, scale factor BlO, units centi-seconds, used for '"yaw'/roll
control (see 61PT).

61YWW: Single precision octal one-jet "yaw'" command for channel 6, trans-
mitted under control of the time information in 61YWT.

62PT: Single precision time (remaining) for transmission of two-jet "pitch'/
roll control information in 62PW, scale factor BlO, units centi-seconds.

62PTl is 62YWT.

62PW: Single precision octal two-jet '"pitch" command for channel 6, trans-
mitted under control of the time information in 62PT. 62PWi is 62YWW.
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62YWT: Single precision time (remaining) for transmission of two-jet "yaw'/
roll control information in 62YWW, scale factor B1O, units centi-seconds.

62YWW: Single precision octal two-jet 'yaw'" command for channel 6, transmitted
under control of the time information in 62YWT.

6WORD: Single precision cell assembled in "T6LOOP" giving the jet pattern
to be loaded into channel 6 when "DKT6'" is entered.

ARUPT, : Cells used to save accumulator and L register when interrupt
received. It is necessary to make special provisions to retain these
cells elsewhere because of the ''jask' implementation in the coding (allowing
the computations to be interrupted by other tasks, but taking immediate
priority over the job that may have previously been rumning).

ATTKAIMN: See Digital Autopilot RCS Routines.
BRUPT: Cell used to save hardware B register when interrupt received (see ARUPT).

Cal hap. Single precision erasable memory constant, program notation
Phapq "ALPHAP'", scale factor BO, used to determine effect on TRCOMPBD
due to channel 6 use for pitch control (see e.g. "GOODB").

Cal hap. - Single precision erasable memory constant, program notation
s "ALPHAYW", scale factor BO, used to determine effect on TRCOMPAC
due to channel 6 use for yaw control (see e.g. 'GOODB').

CeC : Single precision erasable memory constant, program notation '"ECP",
PO scale factor BO, used to convert the jet on-time computed by
the DAP phase plane logic for pitch rotation into the equivalent
amount of time required using channel 6 'translation" jet.

o Single precision erasable memory constant, program notation "ECYW",
P1 scale factor BO. See Cecp (except used for yaw, of course).
0

C31FLWRD: See Digital Autopilot RCS Routines.

CH5FAIL: Single precision octal cell, loaded by R2 of N87, whose individual
bits are set to 1 to indicate that the corresponding RCS jet driven by
that bit of channel 5 is disabled. A V59E sets the cell to zero.

CH6FAIL: Single precision octal cell, loading by R3 of N87, serving for
channel 6 an analogous function to CH5FAIL (V59E also sets zero).

DAPARUPT: Cells used to retain ARUPT, during the DAP jask (see ARUPT).

dp
DAPBQRPT: Cells used to retain BRUPT and QRUPT during the DAP jask.

DAPDATR3: Single precision quantity whose individual octal digits are
assigned control significance for the jet selection logic of the
docked DAP. The cell may be loaded by R1 of N87. The individual
bits of DAPDATR3 have the following meanings (digit #1 is also
referred to as "A"; #2 as "B", etc.).
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Octal Word

Digit Bit Significance
1 15-14 Not used (no effect).
13 If 1, A/C quad jets preferred for roll; if O, B/D.
2 12-11 Not used (no effect).
10 Allow use of quad A/C for X translation, if 1.
3 9-8 Not used (no effect).
. Allow use of quad B/D for X translation (if bits
10 and 7 both O, no X translation takes place), if 1.
L 6-5 Not used (no effect).
I8 Pitch control by channel 6 translation jets (Z)
is preferred if 1 (if O, couple control preferred).
5 3-2 Not used (no effect).
1 Yaw control by channel é translation jets (Y)

is preferred if 1 (if O, couple control preferred).

DAPZRUPT: Cells used to retain ZRUPTd during the DAP jask (see ARUPT).
Since ZRUPTS is positive (bits p15—13 = 0), DAPZRUPT _ is set negative
to indicate®Bhat the DAP jask is not in progress (if Fdund positive
in "DKJSLECT", a software restart is caused).

DELFLG: Single precision octal flagword used to retain information on nature
of the decisions made concerning jet selection (such as signs) in order
to determine the proper "feedback' DFT material. The even-numbered
bits are used for the "pitch" channel (B/D quad), and the next-lower
odd-numbered bit for the '"yaw' channel (A/C quad).

Bit Use

15 Not assigned.

lA/lB Set 1 to indicate that 62PT, controlling roll (couple, hence
no cross—coupling to pitch/§aw channel needed).

12/11 Set 1 to indicate negative 5PTi/62PTi effect on DFTli.

10/9 Set 1 to indicate negative 6.2PT:.L effect on DFT (roll).

8/7 igtrili? indicate negative 61PTi cross—coupling (via Calphapi)

6/5 Set 1 to indicate negative 61PTi complete effect on roll.

A/B Set 1 to indicate negative 61PTi effect on DFTli.

2/1 Set 1 to indicate 5PT, time is for 1 jet.
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DFT: See Digital Autopilot RCS Routines.

DFT1: Same as DFTl (and DFT1, is same as DFT2).

1

INHIBIT: Single precision counter, scale factor Blh, of the number of
passes that should be bypassed in 'NO5PT' (also initialized there):
a pass occurs each 0.1 second. Also used for control in "SUPERJOB".

K : See Digital Autopilot RCS Routines.

14ms
KlOOmst6: Single precision constant, program notation "1O00MST6é'", scale factor
BlgO units centi-seconds. Value is 160 x 2'lh, corresponding to
10 x 277, where first term is value in centi-seconds and second is
scale factor.

K (1 = -1 to 2): Set of singl isi
200mst6. . 2. gle preclsion constants, program
i notation (i = 0) "200MSTé", scale factor B10, uﬂits centi-
seconds. Value for i = -1 and 1 =2 is 0; for i = 0, value is
320 x 2714 (i.e. 20 x 2710, or 20 cs); for i =1, value is -320 x 2 1%,

KldléO: Single precision constant, program notation "1/160", scale factor

BL, units of DAP passes/centi-second. Value is 0.00625, corresponding
to 0.1 x Z—A, where first term is number of passes (i.e. one pass every
0.1 second or 0.1 pass/centi-second) and second is scale factor.

Kmrollbdo: Single precision constant, octal value 00012,, program notation
"-ROLLBD", corresponding to channel 6 jets 10 and 12 (negative
roll torque from B/D quad).

Kmrollbd : Single precision constant, octal value 00240,, program notation
2 "-ROLLAC", corresponding to channel 6 jets 14 and 16 (negative

roll torque from A/C quad).

K .t Single precision constant, program notation "PCK", octal value 000108,
PC%0  corresponding to bit 4 (used to select bit of DAPDATR3).

K g ¥ Single precision constant, program notation '"PCK +1", octal value
pey 000018, corresponding to bit 1.

{hchte (1 =0 - 3): Set of single precision constants giving pitch and
195 i yaw jet patterns (0,1 and 2,3) for positive (0,2) and negative
(1,3) polarities respectively. Values are:

i Octal Jets Result
0 OOOOS8 3,1 + Piteh
1 OOOl28 2.yla - Pitch
2 001208 75 + Yaw
3 OO21+O8 6,8 - Yaw

Jets are in channel 5, for i = O program notation "+PITCHTC'".
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11bd (1 =0 - 3): Set of single precision constants giving roll jet
pra i patterns for quads B/D (0,1) and A/C (2,3) for negative (1,3)
and positive (0,2) polarities. Values are:

i Octal Jets Result

0 000054 i + Roll (B/D)
o 000124 10,12 - Roll (B/D)
2 00120, 15,13 + Roll (A/C)
3 0024404 14,16 - Roll (A/C)

Jets are in chamnel 6, for i = O program notation '"+ROLLBD" (by
assembler techniques, equated to same cells as Kppitchtci)'
K (1 =0 - 3): Set of single precision constants giving X-translation

ac.
L | jet patterns for quads A/C (0,1) and B/D (2,3) for negative (1,3)
and positive (0,2) polarities. Values are:

i Octal Jets Result

0 00011, 2.1 +X (A/C)
1 000068 3,4 -X (A/C)
2 002208 6,5 +X (B/D)
3 00140, 7,8 X (B/D)

Jets are in channel 5, for i = O program notation '"+XAC'".

P (i =0 - 3): Set of single precision constants giving Y/Z trans-
PalOTCes lation jet patterns (Y for 2,3; Z for 0,1) for negative (1,3)
and positive (0,2) polarities. Values are:

i Octal Jets Result
0 OOOll8 10,9 + Z
1 OOOOé8 11,12 -2
2 002208 14,13 + Y
3 OOll+O8 15,16 -Y

Jets are in channel 6, for i = O program notation "+ZFORCE" (by
assembler techniques, equated to same cells as prac
1
NEXT6INT: Single precision cell, scale factor B10, units centi-seconds,
giving the value to be loaded into TIME6 when '"DKT6'' is entered. Its
setting is determined in "TOLOOP" (set to minimum amount of time left
among the various jet timing words).

QRUPT: Cell used to save hardware Q register when interrupt received (see ARUPT).
Rather than restoring it, coding restores Q register and branches to a
point in the "Resume! coding after QRUPT otherwise would have been loaded
into Q, but for convenience this detail not shown.
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T5LOC: See Digital Autopilot Interface Routines.
T5PHASE: See Digital Autopilot RCS Routines.

T5TEMP: Temporary storage cell, when used for time information has units
of centi-seconds, scale factor BlO.

T5TEMP2: Temporary storage cell, when used for time information has units
of centi-seconds, scale factor B1O.

TAU: See Digital Autopilot RCS Routines. TAU same as TAUO.

TAUL: Same as TAU, (and TAUL, same as TAU2), see TAU.

TAUY: Single precision cell, scale factor BlO, units centi-seconds, used for
Y translation/yaw time information. Loaded in "SUPERJOB" if in Free
mode with Y translation; loaded in "JTIME" with yaw timing information.
TAUY is TAUZl.

TAUZ: Single precision cell, similar function to TAUY but for Z translation
or pitch control. TAUZl is TAUY.

TIME5, TIME6: See Digital Autopilot Interface Routines.

TIMEHOLD: Single precision cell, scale factor B1O, units centi-seconds,
used to initialize NEXTOHINT in "TIMING"and decremented (with a zero/
negative value causing setting to 100 ms) in "GOROUND",

TLEFT: Single precision cell, scale factor B10O, units centi-seconds, used
to maintain a record of how much time is left (in 0.1 second interval)
for doing commands specified by 62PTi (after 61PTi time employed).

TRCOMPAC: Single precision cell, scale factor B1O, units centi-seconds,
used to contain equivalent single-jet roll "disturbance" time for
the A/C quad area. TRCOMPAC, is TRCOMPBD.

TRCOMPBD: Single precision cell, scale factor BlO, units centi-seconds,
used to contain equivalent single-jet roll "disturbance" time for
the B/D quad area. TRCOMPBD_l is TRCOMPAC; TRCOMPBD_A is TAU.

TT: Single precision cell, scale factor BlO, units centi-seconds, used for
temporary time storage purposes (hence the notation) in computations
starting at '"GOCYCLE".

ZRUPT: Cells used to contain program counter (Z register) and BBANK when
program interrupt received. See ARUPT.
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Digital Autopilot Entry Routines

CM/DAPON Entered from "P62"
Set bits 15-14 (DAPBITL, DAPBIT2) of FLAGWRDG = 002
T5L0C = "T5IDLOC"
T6LOC = "T5IDLOC™

0]

Il

Channel 6
Channel 5 = 0

Set bits 15-13 of DAPDATRL = O

If bit 11(GAMDIFSW) of FLAGWRD6 = O:

Delay 0.5 second (by putting job to sleep via "DELAYJOB!)
and repeat check of bit 11

RCSFIAGS = 777768 (sets bit 3 to 1)

-1

Il

P63FLAG

JETAG = O

Il

PAXERR1 = O
Inhibit interrupts
ALFACOM = ALFAd180
BETACOM = BETAd180 ("least significant half" of ALFAi)
ROLLHOLD = ROLLA180
ROLLCSp = ROLLA180 (rescaled to BO revolutions)
Set bit 12(CMDAPARM) of FLAGWRD6 = 1
Set bit 1(NODOV37) of FLAGWRD2 = 1
Release interrupts
Proceed to "P62.1"
READGYMB  Called initially by "P62"
CMdGYMDT = CMdGYMDT + 10
If bit 6(NOIMUDAP) of IMODES33 = 1: (IMU data not usable)

Set bit 1(GYMDIF) of FLAGWRD6 =0
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(If pit 6 of IMODES33 = 1):
Channel 6 = 0

0

1

Channel 5

JETAG = O

OLDELLi = 0 (i =P,Q,R)

GAMDOT = O

Il

Call "READGYMB" in 0.1 second

End of task
Set AOG = CDU_X and TS = AOG

mDELAOG = TS - AOG (ones complement difference formed)
Set AIG = CDUy and TS = AIG

mDELAIG

I

TS - AIG (ones complement difference formed)

Set AMG = CDU, and TS = AMG

mDELAMG = TS - AMG (ones complement difference formed)
If bit 2(CMDSTBY) of FLAGWRD6 = O:

Channel 6 = 0
Channel 5 = 0
Ind of task
If bit 1(GYMDIF) of FLAGWRD6 = O:
Set bit 1(GYMDIF) of FLAGWRD6 = 1
JETAG = 0

OLDELi

0 (i=P,Q,R)

GAMDOT = 0O
Call "READGYMB" in 0.1 second

End of task
Call "READGYMB" in 0.1 second

Proceed to '"BODYRATE'"
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BODYRATE
TS = = mDELAMG sin AOG - mDELAIG COoSg AOG cos AMG
sp p Sp
TSl = TS - OLDELQ

OLDELQ = TS
QREL = TS + 3 TSy

TS = mDELAIG sins AOG cosSp AMG - mDELAMG Cosg AOG

p p

TS, = TS - OLDELR

OLDELR = TS

RREL = TS + 3 TS,

TS = - mDELAOG - mDELAIG sing, AMG

IS, = TS - OLDELP

OLDELP = TS

PREL = TS + % TS,

If GAMDOT # O:

PREL = PREL + Ksi v GAMDOT sin (- ROLI4180)

nt

QREL = QREL - GAMDOT cosSp ROLL4180

RREL = RREL - K GAMDOT sin _ (- ROLLA180)
costr sp
If bit 12(CMDAPARM) of FLAGWRD6 = O, End of task

Set TIME5 to cause program interrupt #2 in 10 milliseconds
T5L0C = "ATTRATES"

End of task
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ATTRATES
ALFAd180 = ALFAd180 + QREL, in range T 180°

CALFA = cosgy, ALFAd180

sinsp ALI'Ad 180

PHIDOT = PREL CALFA + RREL SALFA

SALFA

BETADOT = RREL CALFA - PREL SALFA
BETAd180 = BETAd180 + BETADOT

ALFAd180 = ALFAd180 + PHIDOT sinsp BETAd180, in range T 180°
AK; = ALFACOM - ALFAd180, in range ¥ 180°

QAXERR = AK,
ROLLTM = ROLLd180 + PHIDOT, in range <+ 180°

ROLLd180 = ROLLTM
RAXERR = BETACOM - BETAd180

If bit 3(O5GSW) of FLAGWRD6é = O, proceed to "EXDAP"
CMDAPMOD = =1
AK, = 777768 (one bit negative)

AK, = 777768 (one bit negative)

TSl = RREL - K . PREL
sintr
TS5 = 1 sgn TSl
If |T51| - l%dtm<o:
TS = 0 (inside deadband)

g = Ky jetiedns
TS = 1 sgn QREL

If JQREL| - %@ﬁm<o:
S =0 (inside deadband for pitch rate damping)

Proceed to "EXDAPIN"
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EXDAPIN
Channel 5 = TS3 + KprjchS
If JETAG & O:
If JETAG = O:
PAXERR1 = PAXERR1 - CALFA PHIDOT

Proceed to "CM/FDAIR'

JNDX = - 1
mVTd1l80 = - K2t Abad PREL (scaled B-2 revolutions/DAP cycle)
TS = - ROLLd180, rescaled to scale factor BO revolutions

If bit 4L(LATSW) of FLAGWRD6 = 1:

TS, =%+ % + ROLLC  modulo 1 (the 1 is 360°)

-
= R T

T82 ™S -5 -3

LCXd360 = TS, + TS, modulo 1

TS =K angagtt MVTA180 | iVTd180| / CALFA + LCXd360 + % sgn LCXd360
(sgn sets term O if
LCXd360 = 0)

If (TS[> 1: (the 1 is 360°)

LCXd360 = LCXd360 - 1 sgn TS
If bit L(LATSW) of FLAGWRD6 = O:
Set bit L(LATSW) of FLAGWRD6 = 1
1.CXd360 = ROLLC,, + TS  modulo 1
LCXd360 = LCXd360 CALFA
If CMDAPMOD = 1:
JETAG = O
Proceed to "CM/FDAIR'
If CMDAPMOD = -O:
LCXd360 = 0

ERROR,, = LCXd360 (for telemetry)

PAXERR1 = LCXd360
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Rescale mVTd180 to scale factor B-1 revolutions/DAP cycle.

mVTd180E = mVTd180

I

= 2
VSQALAPT = K180 ARtk mVTd180

- VSQALAPI) sgn mVTd180

TS = L0Xd360 + K,
(if mVTd180 = O,

sd360 ~ (szd360

If T5.& O (point in left half plane) sgn term set O)
mVTd180 = - mVTd180
1LCXd360 = - LCXd360
JNDX = - JNDX

Proceed to "DZ1"

1f 2 szd360 - TS & 0, proceed to "DZ1" (point in right half
plane)
If VSQALAPTI - Kvsqmn\<o'

ROLLHOLD = ROLLIM
If bit 1 of CMDAPMOD = O: (i.e. 40 or -1)

ROLLHOLD = ROLLCSP, rescaled to B-1 revolutions in
i o
Channel 6 = 0 range £ 180

VDT4180 = O (point in velocity deadzone)
JETAG = O
Proceed to "CM/FDAIR"
JNDX1 = - JNDX (point in buffer zone)
VDTd180 = - mVTd180
=0

onl
Proceed to '"GETONR'"

If VSQALAPT - Kvsqmn L 0:

If LCXd360 + mVIdl80 -K_ . 1360 £ 0

If bit 1 of CMDAPMOD = 1:

ROLLHOLD = ROLLTM
If bit 1 of CMDAPMOD = O:

ROLLHOLD = ROLLCs , rescaled to B-1l revolutions
P in range T 180°
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(If LCXd360 + mVTd180 - K mind360 £0):
Channel 6 = 0
VDI4180 = O
JETAG = O
Proceed to '"CM/FDAIR'"
JNDX1 = - JNDX
XDd360 = % VSQALAPI + LCXd360 - L 4360
T82 = XDd360 -+ KmvmdBéOk
I1f TS2 < 0:
VDTd180 = Kktrcs XDd360
QREG = ZREG (positive non-zero)
If T8, O:
QREG = +0

VDTd180 = - KmvmdBéOk (notation also "-VMT/180")

2l (VDTd180 + mVTd180)

onl ~ Frgodsett

r 1 ,€0:

If QREG ? O:
VDTd180 = - niVTd180

onl =8

If QREG = O:
JNDX = JNDX1
onl Tonl

Proceed to '"GETONR!"

GETON2
Tonz = 2 Kigoagaty VPTd180
I T, <O
Ton2 - Ton2
JNDX1 = JNDX

If VDTd180 = O:

Torr = 2 Kasett
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If VDTd180 # O:
TS = LCXd360 + % Tonl (mVTd180 - VDTd180) - % T o VDTd180

1r |rs| - 2 |vprdigo| » o: (implemented by division of
TS shifted right 14 places by
T . =2K,, VDTd180 and check of A: the
oEx et n21 comes about from TS scaling
1r |Ts| - 2 |vprdi8o] < o: of BO and VDTd180 of B~1)

Terp = szett TS / VDTd180

Tonl = Bjett Toml

Ton2 = Eusett Ton2
JETAG = O
SWANDX = 1

TUSED = TUSED + TIMEL + 8192 + 8192, modulo 214

TUSED = TUSED + Kmtm3

Ly @ - 2¥Xo0: (The "2" in this and subsequent equations is
onl : : g :
in units of centi-seconds, as are the times).
Ton1 = -1
Ir TOnl -2 20:
T1BITS = K -
PEICC

TUSED = TUSED + Tone

If TUSED & O:

Tonl k.
Tope = -1
Ton2 = -1

Proceed to "JETCALLL"

If T ..-2gO:

off

Toff ol
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-2 X O
If Toff 2 0

= + T
TUSED = TUSED + T__.

If TUSED 2 O:

Toff =0

on? = =l

Proceed to "JETCALLL"

F . ~2& 0

Proceed to "JETCALLL"

TOBITS = K__.
d
PTJICE rpxc1

TUSED = TUSED + T
on?2

If TUSED > O:

P o

on?2

Proceed to "JETCALLL"

JETCALL1
OUTTAG = O
NUJET = O
TBITS = O

Set TSl = Tony @8 T = 0

T82 = T1BITS (T1BITS written over with meaningless data)
If ‘TS]_) 0, proceed to "JETCALL2"

1f TSl = 0, proceed to "JETCALL3"

If TSy <O, proceed to second line of "JETCALL3"

JETCALL3
NUJET = TS2
Seﬁ TSl = TOff and Toff = -1
T82 = TBITS (TBITS written over with meaningless data)

If TSy O, proceed to "JETCALLR"
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If TSy =0:

NUJET = T82
Set TSl = TOn2 and TOn2 = -1
TS, = T2BITS (T2BITS written over with meaningless data)

2
If TS5¢> 0, proceed to "JETCALL2"
If TSy = 0:
NUJET = TS,
Proceed to third line of "JETCALLZ2"
JETCALL2
NUJET = NUJET + T32
Call "JETCALL" in TSl centi-seconds
Channel 6 = NUJET

If OUTTAG > O, End of task
Proceed to "CM/FDAIR"

JETCALL
OUTTAG = 2
If bit 2(CMDSTBY) of FLAGWRD6 = 1:
TS5, =0
Proceed to "JETCALL3"

Channel 6 = 0

End of task
CM/FDAIR
AK, = % PAXERRL (gives full scale of 673°)

If SWANDX <€ O:
SWANDX = - SWdNDX
Perform "NEEDLER"
T5LOC = "T5IDLOC™
Resume

SWANDX = 3 - SWANDX
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If SWANDX & O:

1

CMTMTIME = TIME1

SWANDX = - 13

TS = SWANDX - 1

ENDBUFq = (PREL, QHEL, RREL)

T510C = "T5IDLOC"

Resume

EXDAP

CMDAPMOD = +0

If (cALFA| - Bal S €o: (i.e. in range 45 to 135 degrees)
CMDAPMOD = +1
JETAG = -1
If P63FLAG = 1, set P63FLAG = O

TSl = - RAXERR sgn SALFA (O for SALFA = 0)
PAXERR1 = TS , rescaled to scale factor BO, units revolutions

T82 = - BETADOT sgn SALFA (0 for SALFA = Q)
Perform "BIASEDZ!"

Channel 6 = K_ . -
P e

RAXERR = (ROLLHOLD - ROLIA180) sgn SALFA (O for SALFA = 0)
If (CALFA{- K ) c3, ¥ O:
If CALFA > O:
If P63FLAG = O:
P63FLAG = -1

Call "WAKEP62" in K centi-seconds
nsec
If JETAG & O:
JETAG = O
Channel 6 = 0O
If CALFA <€ Q:
CMDAPMOD = -0

RAXERR = RAXERR sgn CALFA
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AK, = RAXERR

I

TS, = RAXERR

I

TS, = RREL
If CMDAFMOD = +0:
TS, = BETADOT

Perform "BIASEDZ!

TS, =K .

3 ygetchS
TS, = QAXERR
T82 = QREL

Perform "BIASEDZ"
Proceed to "EXDAPIN"

BIASEDZ Entered with attitude information in TSq (L-register) and
rate information in TS, (A-register).

TS, = TSy - K sgn TS, (gives biased error; sgn sets term

cmdbs .
zero if TS, = 0)

TS = -1 sgn TSq

Ir 18y] - Kpapn <O

TS = 0
If TS, - K ggip & O
TS = 0

TSA = 1 sgn T82

Ir |Ts,| - Kydtj_m<0:

S =
gl L 0

Is=1T5 + TSA’ with magnitude limited «& 1 (done in calling routine
by an "or" function)

Return
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Quantities in Computations

See also list of major variables and list of routines

AIG: Value of CDU_ sampled by '"READGYMB'", single precision twos comple-
ment, scale factor B-1, units revolutions ("inner gimbal angle").

AK (i = 0-2): See Digital Autopilot Interface Routines.

ALFACOM: Single precision value of commanded "pitch" angle, scale factor
B-1, units revolutions. Set to ALFAd180 in '"CM/DAPON", and to
in "P62.1" (see Entry Preparation).

Calfapad
ATFAd180: See Entry Computations.

AMG: Value of CDU, sampled by "READGYMB", single precision twos comple-
ment, scale factor B-1, units revolutions ('"middle gimbal angle").

AOG: Value of CDU, sampled by "READGYMB", single precision twos comple-
ment, scale factor B-1, units revolutions ("outer gimbal angle™).

BETACOM: Single precision value of commanded 'yaw' angle, scale factor
B-1, units revolutions. Set to BETAA180 in "CM/DAPON", and to
zero in "P62.1".

BETAQ180: See Entry Computations.

BETADOT: Single precision value of rate of change of "yaw" angle,
scale factor B-1, units revolutions/deci-second.

CALFA: Single precision value of cos ALFAd180, scale factor BO, after
ALFAQ180 updated only by QREL (see "ATTRATES").

CMDAPMOD: Single precision quantity used to control the performance of
the entry DAP. Individual values have the following meanings:

Value Significance

-1 Bit 3(05GSW) of FLAGWRD6 = 1 (value set in "ATTRATES')-

-0 Bit 3(05GSW) of FLAGWRD6 = O and CALFA is at least
KchSim.in magnitude with negative sign (causes damping
only, with LCXd360 set to 0). Value set in "EXDAP",

F. Bit 3(05GSW) of FLAGWRD6 = O and CALFA magnitude less
than Kcu5im' Value set in "EXDAP".

+0 Bit 3(05GSW) of FLAGWRD6 = O and CALFA at least K~
. . ; o . . Tehbim
in magnitude with positive sign. Value set in
"EXDAP!,

Scale factor is BlL.
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CMAGYMDT: Single precision call time, scale factor Bl,, units centi-
seconds, used to permit proper restart time to be set for performance
of "READGYMB". Initialized to 5 in N"READACCS" (when the base
time used for the restart is also set), giving "READGYMB"
performance 5 cs out of phase with "READACCS".

CMTMTIME: Value of TIMEl loaded for telemetry purposes in "CM/FDAIR",
scale factor Bl,, units centi-seconds. Cell is the same as UPBUFF+O

(see Uplink Processing).
DAPDATR1: See Digital Autopilot Interface Routines.

ENDBUF: Set of cells used for telemetry of (PREL, QREL, RREL), loaded
in NCM/FDAIR" on alternate entries to entry DAP (every 0.2 seconds
the cell set is loaded). Cell set loaded is indexed by a negative
quantity, with ENDBUF-1,, ENDBUF-11, etc. used for successive PREL
values. ENDBUF-14 is the same cell as UPBUFF+2 (see Uplink

Processing).

ERROR2: See Digital Autopilot RCS Routines (loaded in "EXDAPIN" with the
original value of LCXd360 (before sign reversal, if any), for telemetry).

GAMDOT: See Entry Computations.
IMODES33: See IMU Computations.

JETAG: Single precision quantity, scale factor Blh, used to control the
performance of the entry DAP. The '"nmormal" value is zero; a
setting to +1 is made by "SETJTAG" (called every two seconds by
"READACCS") to cause an update of roll output to be made; a
setting to -1 is made in "EXDAP" if the magnitude of CALFA is
less than KchSim'

JNDX: Value of jet table index for time interval specified by T 15
scale factor Blh. Initialized to -1 near start of '"EXDAPIN
and complemented subsequently if necessary. A negative value
causes positive Jets to be selected by indexing Kprjcd' The
quantity is single precision.

JNDX1: Single precision quantity, scale factor Blj, serving a similar
function to JNDX, but for the Jjets controlled by the time interval
specified by T, »-

K2jett: Single precision constant, program notation "2JETT", scale
factor Bl3, units centi—seconds/entr{ DAP cycle. Value is
LOO x 2_14, corresponding to 200 x 27 3, i.e. a two-second
entry DAP cycle (for performance of roll command updates).

Kthth: Single precision constant, program notation "2T/TCDU", scale
factor B13, unjts (entry DAP period)/(CDU sample period).
Value is 4O x 27, corresponding to 20 x 27 3, il.e. a two-
second entry DAP cycle (to perform roll command updates) and
a 0.1 second CDU sampling period (period of performance of
"READGYMB"). Converts angular rates from units of revolutions/
deci-second to revolutions/DAP cycle.
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KAdsimF Single precision constant, program notation "4D/SLIM", scale
factor B-1, units revolutions/deci-second. Value is 16348 x

2%, but used in the program in such a way (a check for overflow,
i.e. magnitude of 16384 or more, on an argument decremented by 1)
that the effective value is (16384 - 16348 + l), or 37 least
increments, corresponding to 37 x 180° x 2~ x 10 = L.065°/sec.
The argument is decremented by 1 for convenience in forming the
absolute value.

K

Ljett Single precision constant, program notation "LJETT", scale

factor Bl2, units centi-seconds/entry DAP cycle. Value is
800 x 2_1A, corresponding to 200 x 2~12 (cf. K2jett)’

K180d8att: Single prec?sion constant,.program notatioE ”180/8ATT”, scale
factor B4, units of (revolutions/DAP cycle?)~l. Nominal value
is 0.61813187, corresponding to the reciprocal of:(9.l bid él/BéO) x
22 x 2%, where first term is acceleration (degrees/second?), second
converts to units of revolutions, third converts to units of
DAP cycle2 (2 seconds each), and fourth is scale factor. Actual
stored value is about 0.61810. Alternatively, 9.1 = 2 x 4.55.

Kch5' : Single precision constant, program notation "CL5LIM", scale
factor BO. Value is 11277g = 4799, but used in program in
such a way (a check for overflow, i.e. a magnitude of 1638, or
more, on an argument decremented by 1 for convenience in forming
the absolute value) that effective value is (16384 - 4799 + 1) =
11586 x 2714 = 0.707153, or about cos 45°.

Komdps: Single precision constant, program notation "CM/BIAS", scale
factor B-1, units revolutions. Value is 55 x 2"1A, corresponding
to about 0.604°.

: Single precision constant, program notation '"COSTRIM'", scale factor
GOEE BO, value 0.93969, corresponding to cos (-20°).

Kkt st Single precision constant, program notation "KTRCS", scale
"% pactor BO, value 0.5. Value corresponds to 0.25 x 2, where
first term is "K"("slope of line determining rate at which

error reduced") and second is DAP roll cycle rate of 2 seconds.

Kmth: Single precision constant, programAnotatioElﬁ—T—B”, scale.factor
Bli, units centi-seconds. Value is -203 x 27, corresponding to
-2.03 seconds. See TUSED.

KmvmdBéOk: Single precision constant, program notation "-VM/360K", .
scale factor BO. Nominal value is -0.22222222, corresponding
to (-1) x 20 x (1/360) x (1/0.25), where first term is an equation
factor, second is '"maximum roll rate limit" (degrees/second), third
converts to revolutions, and fourth is reciprocal of "K"
(cf. K ). Program notation also "-YMT /180", for which would have
soale FYEE8r B-1, units revolutions/DAP cycle, where the '"(1/0.25)"
factor is 2 x 21 (the first factor is two-second cycle, the 2nd is scale).

K : Single precision constant, program notation_ !"NSEC", scale factor

nsecBlj.p, units centi-seconds. Value is 2100 x 27—*, corresponding to
21 seconds. Program comments indicate it is an approximation to

the time required to travel 65° at a rate of 3°/second.
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Kprjcd: Set of three single precision cells, program notation
"P/RJCODE", selected by means of an index having values
-1, 0, +1. Values are:

Index Cell Channel 6 Jets Channel 5 Jets
-1 00005, #11, #9 (+ R) #3, #1 (+ P)
0] 000008 none none

+1 00012 - #10, #12(- R) #2, #, (- P)

. Single precision constant, program notation "SINTRIM", scale factor
SHILT 55 value -0.34202, corresponding to sin (-20°). Program comments
indicate that this is trim angle for L/D = 0.3.

K

Kvs oy Single precision constant, program notation "VSQMIN", scale

4™ factor Bl, units revolutions. Nominil valge is, 0.61050061E-3,
corresponding to (2/360)% x (9.1/360)™* x 27° x 22 x 2-1, yhere

first term is value of the square of "VMIN" (expressed in

units of revolutions), second is acceleration (in revolutions/

second<), third converts acceleration to DAP cycles (cf. K1a04 att)’

fourth converts VMIN to units of DAP cycles (frou rev/sec), an

fifth is scale factor. Actual value is about 0.61035E-3, i.e. 000128.

meind%éoz Single precision constant, program notation "XMIN/360", scale
’ factor BO, units revolutions. Value is 182 x 2‘14, corres—

ponding approximately to 4 x (1/360), where first term is value

of "XMIN" (degrees), and second converts to revolutions.

KXSdBéO: Single precision constant, program notation "XS/360", scale
factor BO, units revolutions. Value is 91 x Z'IA, corresponding
approximately to 2 x (1/360), where first term is value of "XS"
(degrees), and second converts to revolutions. Tag also "BUFLIM".

. Single precision constant, program notation "YAWLIM", scale factor
y 1mB—l, units revolutions. Value is 16055 x 2~14, but used in the
program in such a way (a check for overflow, i.e. a magnitude of
1638l or more, on an argument decremented by 1 for convenience
in forming the absolute value) that effective value is (1638L -
1605{ + 1) = 330 least increments, corresponding to 330 x (360)
x 2715 = 3,6250,

Kydtim: Single precieion constapt, program notation "YDOTLIM", scale
factor B-1, units revolutions/deci-second. Value is 16366 x

2=, but used in program in such a way (cf. K) 4si

value is 19 least increments, corresponding to4a%%E

) that effective

t 2.087°/second .

vieted: Set of three single precision cells, program notation
"YJETCODE!", selected by means of an index having values

-1, 0, ¥1. Values are:

K

Index Cell Channel 5 Jets
-1 001208 #1, #5 (+ 1)
0 OOOOO8 none

+1 00240, #6, #8 (- Y)
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LCXd360: Single precision value of roll attitude error (shortest path
if LATSW = 1 when enter computations, otherwise an enforced roll
over the top) to be corrected, scale factor BO, units revolutions.

mDELAIG: Complement of change in AIG during previous 0.1 second, scale
factor B-1, units revolutions/deci-second: is AIGn_l - AIGn.

mDELAMG: Complement of change in AMG during previous 0.1 second, scale
factor B-1l, units revolutions/deci-second. Notation "-DELAMG".

mDELAOG: Complement of change in AOG during previous 0.1 second, scale
factor B-1, units revolutions/deci-second.

mVT4d180: Complement of value of PREL, converted to units of revolutions/
DAP entry cycle (of 2 seconds). Initially computed with scale
factor B-2, and subsequently rescaled to scale factor B-l. Program
notation is "-VT/180". Complemented if point in left half plane.

mVTd180F: Value of mVTd180 for telemetry, scale factor B-1, original sign.

NUJET: Single precision cell used to contain the jet pattern to be
loaded into channel 6 in "JETCALLZ2".

OLDELi (i = P,Q,R): Previous values of "raw" PREL, QREL, and RREL,
scale factor B-1, units revolutions/deci-second, used in "BODYRATE"
to compensate for angular accelerations. The values used are
the uncompensated PREL, QREL, and RREL (i.e. those derived based
solely on CDU measurement data this cycle and the previous cycle).

OUTTAG: Single precision quantity, scale factor Bl,, set to 2 if
NJETCALL" performed and to O if "JETCALL1" performed, indicating
respectively that the exit from "JETCALLZ" should be to End of
task and to "CM/FDAIR".

P63FLAG: Single precision cell, scale factor Blh, used for control of
entry DAP sequencing. It is set to -1 in "CM/DAPON" and in
"EXDAP" after "WAKEP62" calling computations initiated. It is
set to 1 in "P62.1" after a response to the VO6N61 display, and
if 1 is set O in "EXDAP" if |CALFAlis less than K. 53, (a O
value permits "WAKEP62" calling computations). ingended to
prevent P63 from starting until response to VO6N61 display,
and to avoid more than one '"WAKEP62" call. It is set to -1
in "P63".

PAXERR1: Single precision quantity, scale factor BO, units revolutions,
containing the information to be loaded into AKy: during atmos-
pheric entry, it is set to 1CXd360 each two seconds, and updated
by (CALFA)x (- PHIDOT) each 0.1 second between two-second roll

updates.

PHIDOT: Single precision value of rate of change of "roll" angle
scale factor B-1l, units revolutions/deci-second. Cos Beta

IR

L,

PREL: Single precision value of "roll" body angular velocity, scale .
factor B-1, units revolutions/deci-second. It includes corrections
for acceleration and GAMDOT, and is along the "X; body axis'.
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QAXERR: Single precision value of pitch attitude error (saved for
telemetry purposes), scale factor B-1l, units revolutions. It is
also used in "EXDAP'", and is computed in "ATTRATES'".

QREG: Computer single precision Q register (address 00028), used to
retain program control information in "DZ1" (zero or non-zero
value). After a TC (transfer control) order, Q is loaded with
the S-register contents corresponding to the address of the

following step (see 3420.5-27).

QREL: Single precision value of "pitch" body angular velocity, scale
factor B-1, units revolutions/deci-second (including corrections
for acceleration and GAMDOT), measured along the ”15 body axis".

RAXERR: Single precision value of yaw attitude error (saved for
telemetry purposes), scale factor B-1, units revolutions. It is
loaded in "EXDAP" and "ATTRATES'".

RCSFLAGS: See Digital Autopilot Interface Routines.
ROLLC: See Entry Computations.

ROLI4A180: See Entry Computations.

ROLLHOLD: Single precision value of ROLLIA180 sampled when the entry DAP
is started (in "CM/DAPON"), scale factor B-1, units revolutions,
and used to provide error signal information for RAXERR in "EXDAP".

It is set to O in "KEP2", and to ROLLC or ROLLTM in "EXDAPIN"/"DZ1",

ROLLTM: Value of ROLIA180 placed in a special cell fo? telemetry purposes,
scale factor B-1, units revolutions, single precision.

RREL: Single precision value of "yaw" body angular velocity, scalg
factor B-1, units revolutions/deci-second (including corrections
for acceleration and GAMDOT), measured along the "Zy, body axis'".

SALFA: Single precision value of sin ALFAd180, scale factor BO, after
ALFAd180 updated only by QREL (see "ATTRATES").

SWANDX: Single precision cell, scale factor Bli, used for indexing the
proper ENDBUF cells to be loaded and to cause alternation in
"CM/FDAIR" between update of attitude error needles and loading of
ENDBUF. It is set to 1 in "P62" and also in "GETON2", causing
ENDBUE to be loaded (after initialization to -13). Negative
values cause "NEEDLER" to be performed (by "CM/FDAIR"), and the
cell is complemented each entrance to "CM/FDAIR". The cell is
the same as UPBUFFtl (see Uplink Processing).

i Single precision value of time, scale factor Bli, units centi-

seconds, required for "drifting" (between firing times of jets

specified by T,,7 and T, »). Corresponding "jet pattern" (zero)

is in TBITS. Cell set O if no waitlist call is to be made (i.e.

if Typg is small but the T £ value is such that the time delay

would expire after the next gwo—second computing interval); cell

set -1 if the time interval specified should be ignored (i.e.

is too small or has already been used in "JETCALL3" or Tonl large).

off*
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Tonl: Single precision value of time, computed initially with scale
factor B2, units DAP roll cycles, and subsequently rescaled to
scale factor Bl4, units centi-seconds (by using Kh' tt), giving
the required "on time" for the jets in T1BITS. C ii set 0 if
no waitlist call to be made (T,,7 of such a size that jets should
be left on for the full two-second DAP roll computing interval);
cell set to -1 if the time interval involved should be ignored

(i.e. is too small).

: Single precision value of time, same scaling as T 1 giving

ON2° e pequired "on time" for the jets in T2BITS. Cell set O if
no waitlist call is to be made(because delay would expire after
the next two-second computing interval); set to -1 if the time
involved should be ignored (i.e. is too small, if Top1 ¥+ Tuer
is too big, or after being used in nJETCALL3").

T1BITS: Value of jet pattern to be sent for the time duration specified
BY Ton (contents loaded into NUJET for transmission via ?hannel 6).
These jets are required to go from present phase-plane point to
the desired (or maximum) rate, where a coast interval (T_..) takes
place and then the T2BITS jets are fired for T,,, to drive to the

origin.
T2BITS: Single precision cell used to contain the value of the jet

pattern to be sent for the time duration specified by T ,o:
see discussion of TI1BITS.

T5L0OC, T6LOC: See Digital Autopilot Interface Routines.

TBITS: Value of the jet "pattern" to be sent for the time interval
specified by T pp: it is set zero in "JETCALLL" (and used for
symmetry in the program logic).

TIME5: See Digital Autopilot Interface Routines.

TUSED: Single precision cell, scale factor Bl,i, units centi-seconds,
used to keep track of the time elapsed by Tonl’ Toff’ and T no?
in order to ensure that waitlist calls will not be set to elapse
after the start of the next computing cycle (2 seconds) of the
roll entry DAP, and also to make sure that minimum-firing time
constraints on the Jjets are not violated. Cell is set to
- TIME1 in "SETJTAG" (about 5 cs, plus computing delays, before
the two-second entry roll DAP cycle is performed), and then
is set to TIMEl + TUSED (a nominal 5 cs) before the start of
processing, with an additional 2(8192) added to compensate, if
necessary, for TIMEl overflow. This 5 centi-seconds, plus the
two-second cycle, is then subtracted (giving nominally - 200
cs), to which 2 cs is added to avoid problems with the quantization
of one cs for the waitlist and the fact that TUSED must exceed O
for branches in equation logic to be taken: the 5, 200, and 2 are
combined into the one constant . Additions of T ., T .., &
Tono to TUSED (which starts at Emgg%inal -198 cs) areogéste8f£or
a positive non-zero result indicating expiration of the two-second
computing interval.

nd
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VDTd180: Single precision cell, scale factor B-1, units revolutions/DAP

cycle, giving the velocity argument for use in computing jet on
and off times. Can be loaded with either drift velocity, maximum
allowable velocity, or present velocity. If in deadzone, is
loaded with O (for telemetry purposes).

VSQAALAPI: Single precision cell, scale factor Bl, units revolutions,
proportional to square of present '"roll" body angular velocity
divided by nominal acceleration (K18Od8att mVTd180%) .

XDd360: Singlg precision value of predicted intercept of attitude
error axis (rate = 0) by vehicle "trajectory'", decremented by

szdBéO’ scale factor BO, units revolutions.

ZREG: Hardware Z register (program counter), which can be used as a
convenient source of a positive non-zero number (magnitude not
significant). See QREG.
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Digital Autopilot Interface Routiness

T6RUPT Entered based on program interrupt #1, controlled by TIME6
Proceed to address specified by T6LOC
TSRUPT Entered based on program interrupt #2, controlled by TIME5

If TIME52 50 cs, Resume (means TIME5 reset after interrupt
was generated)
Proceed to address specified by T5LOC

HANDRUPT Entered based on program interrupt #10, controlled by
manual controller inputs

Resume
T5IDLOC
Resume (if entered from TIME interrupt, TIME5 will cause an
interrupt again in 24 centi-seconds)
SETJTAG Called by "READACCS" for entry DAP
TUSED = - TIME1l
JETAG = 1
End of task

STABLISH Entered for a VL46E

10,: (TVC DAP)

If bits 15-14 (DAPBIT1, DAPBIT2) of FLAGWRD6 5

i

If bit 14 of DAPDATR1 = 1: (IM-on)
Perform "SWICHOVR"
Proceed to "PINBRNCH"

Proceed to "ALM/END"
Set bit 9(SLB Takeover Enable) of channel 12 = O

TS = (bits 14-13 of DAPDATR1, shifted right 12 places) (to bits 2-1)
Inhibit interrupts
If TS = 00,: (no DAP)

Perform "ZEROJET"

HOLDFLAG = 1

*NOTE: "LM" references are from Apollo 15 program, and have been
retained for mnemonic usefulness.
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(If TS = 002):
T5L0C = "T5IDLOC!
Set bits 15-14(DAPBIT1, DAPBIT2) of FLAGWRD6 = O
Proceed to "PINBRNCH"
If T8 = 112: (Saturn DAP)
Proceed to "SATSTKON"
Set bit 6(45/L6FLG) of FLAGWRD3 = O
Perform "RCSDAPON" (TS = 01, or 10,, for RCS DAP)
Proceed to '"PINBRNCH"
DAPDISP  Entered for a V48E (this is Routine 03).
If bits 15-14(DAPBIT1, DAPBIT2) of FLAGWRD6 = 10,: (TVC DAP)
Proceed to "ALM/END"
Perform "TESTXACT"
Establish "DONOUNL6' (priority 108)
End of job
DONQUNL6
TS = Ohh6
Proceed to "GOXDSPF'": if terminate, proceed to '"ENDEXT"
if proceed, proceed
otherwise, proceed to previous line
If bit 4 of DAPDATR1 = 1: (maximum deadband specified)
Set bit 12(MAXDBFIG) of FLAGWRD9 = 1
If bit 4 of DAPDATR1 = O:
Set bit 12(MAXDBFLG) of FLAGWRD9 = O (bit used e.g.
in "INITSUBA")
If WHICHX2 = O:
Perform "S41.2"
TS = oéa7vn
Proceed to "GOXDSPF": if terminate, proceed to "ENDEXT"

if proceed, proceed
otherwise, proceed to previous line
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If bits 14-13 of DAPDATRL # 00,:
If bits 14-13 of DAPDATR1 # 112:
Inhibit interrupts (DAPDATR1 first digit = 1,2,5,6)
Perform '"MASSPROP"
Release interrupts
If WHICHX2 = O:
Perform "SA4O0.14"
TS = 06u8vn
Proceed to "GOXDSPF': if terminate, proceed to '"ENDEXT"
if proceed, proceed
otherwise, proceed to previous line
Proceed to "ENDEXT"
DKDAPON  Entered for a V45E
If MODREG = L4O:
Proceed to "ALM/END"
Set bit 9(S4LB Takeover Enable) of channel 12 = 0
Inhibit interrupts
Set bit 6(45/L6FLG) of FLAGWRD3 = 1
Perform '"RCSDAPON"
Proceed to "PINBRNCH"
DKDISP Entered for a V4LE (this is Routine 04).
Perform "TESTXACT"
Change priority of present job to lO8
TS = 0587vn
Proceed to "GOXDSPF'": if terminate, proceed to 'ENDEXT"
if proceed, proceed

otherwise, proceed to previous line

Proceed to '"DONOUN8&9"
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DONOUNE&9
Set bits 12(500%*FLG) and 11(5013*FLG) of FLAGWRD3 = O
TS = 0689
vn
Perform "GOMARKFR": if terminate, proceed to 'ENDEXT'
if proceed, skip next 2 lines

otherwise, proceed to "DONOUN89" (NOTE that
bits reset again)

TS = 100, and perform "BLANKET" (R3BINK )
End of job
Proceed to "ENDEXT"
SETMAXDB
If WHICHDAP = 1:
ADB = DKDB
Return
ADB = Kmaxdb
Set bit 4 of DAPDATR1 = 1
Return
SETMINDB
If WHICHDAP = 1:
ADB = DKDB
Return
THETADX = CDU
ADB =K _.

mindb
Set bit 4 of DAPDATR1 = O

Return

STICKCHK Entered with TS set to control pattern
PMANNDX = bits 2-1 of TS
YMANNDX = (bits 4-3 of TS), shifted right 2 places (to bits 2-1)
RMANNDX = (bits 6-5 of TS), shifted right 4 places (to bits 2-1)
Return (Error if bits 15-7 of TS non-zero)
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SPSOFF  Entered from "AUTO37", "ENGINOFF", "V97E'", and "VQ7T"
Inhibit interrupts
Tevt - Tnow
Set bit 7(ENGONFLIG) of FLAGWRD5 = O
Set bit 13(SPS Engine On) of chamnel 11 = O
Set bit 14(SLB Cutoff) of channel 12 = 1
If TVCPHASE # -1:

If bits 15-14 (DAPBIT1, DAPBIT2) of FLAGWRD6 = 10 (TVC DAP)

2:
If |REPFRAC| # O:

PACTOFF = DELPBARSp

1l

YACTOFF DELYBARSp
Return
TVCZAP

Set bits 11(Disengage Optics DAC), 8(TVC Enable), and 2(Enable
Optics CDU Error Counters) of channel 12 = O

OPTIND = -1 ("DAC" is digital-to-analog converter)
NVWORD1 = +0
Set bit 11(TIMRFLAG) of FLAGWRD7 = O
Return
PRE4LO.6 Called by '"V97E'" or restart group 6.2
If bits 15-14(DAPBIT1, DAPBIT2) of FLAGWRD6 = 102: (TVC DAP)
End of task
MRKRTMP = -1
CNTR = 41 (serves as flag that entered "S40.6" from here)
Proceed to "S40.6"
540.6 Called by "PLOSXTY"

OPTIND = -0
Set bit 2(Enable Optics CDU Error Counters) of channel 12 = 0

Set bits 11 (Disengage Optics DAC) and 8(TVC Enable) of channel 12 = 1
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Delay 0.06 seconds
Set bit 2(Enable Optics CDU Error Counters) of chammel 12 = 1

Delay 0.02 seconds

If CNTR > O: (i.e. from "PRELO.6")
TVCPITCH = PACTOFF - O (avoid loading with +0)
TVCYAW = YACTOFF - O (avoid loading with +0)

Set bits 12-11 (Gate output from TVCPITCH & TVCYAW) of
channel 14 = 1

End of task
If MRKRTMP > O:

Perform the following for i = PITCH and then i = YAW, with
j =11, 12 respectively:

VoL, = Kp2actdg
Set bit j (Gate output from TVCi) of channel 14 = 1
Delay 2 seconds
TVCi = Kmhactdg
Set bit j (Gate output from TVCi) of channel 14 = 1
Delay 2 seconds
Vo1 = szactdg
Set bit j (Gate output from TVCi) of channel 14 = 1
Delay 2 seconds
Delay 4 seconds
TVCPITCH = PACTOFF - O
TVCYAW = YACTOFF - O

Set bits 12-11 (Gate outputs from TVCPITCH & TVCYAW) of
chamnel 14 = 1

End of task



S40.14 Entered from "DONOUNAG' and '"REDAP"

JdMO - Kcntone 1XX

JdMq = Kcntone IAVG
JdM, = JdMy

KMJO - (Kcnttwo) / IXX
KMI1 = (Kopttwo) / TAVG
KMJ, = KMJl

Return

S4L0.15  Entered from "SWICHOVR'", "TVCEXEC'", and "TVCINITL1"
1dCONACC = szidm IXX
VARK = KTIXdI TAVGATLX
Return
Shl.2 Entered from '"DONOUNL6" and '"REDAP"
RATEINDX = 2 (bits 2-1 of DAPDATR1)
Inhibit interrupts
If bits 14-13 of DAPDATR1 # 10,:
Set bit 2(IMATTCH) of FLAGWRD?7 = O
If bits 14-13 of DAPDATRL = 10,:
Set bit 2(IMATTCH) of FLAGWRD7 = 1

Release interrupts

If bit 4 of DAPDATR1 = 1: (use wide deadband)
TS = TS +'chh09
ADB = TS

DPIR~7



If bit 7 of DAPDATR1 = 1: (use B/D for X-translation)
XTRANS = 1
If bit 7 of DAPDATR1 = O:

XTRANS = O

If bit 10 of DAPDATR1 = 1: (use A/C for X-translation)
XTRANS = XTRANS - 1

If XTRANS = O:
Set bit 15(2JETSFLG) of FLAGWRD1 = O

If XTRANS # O:
Set bit 15(2JETSFLG) of FLAGWRD1 = 1

If bit 13 of DAPDATR2 = O: (use B/D for roll)
ACORBD = 1
If bit 13 of DAPDATR2 = 1: (use A/C for roll)

ACORBD = - 4096 (i.e. negative non-zero)

If bit 10 of DAPDATR2 = 1: (Quad A OK)
RACFAIL = 0
If bit 4 of DAPDATR2 = O: (Quad C not OK)

RACFATIL = -]

If bit 10 of DAPDATR2 = O: (Quad A not OK)
RACFAIL = 1

If bit 7 of DAPDATR2 = 1: (Quad B OK)
RBDFAIL = 0O

If bit 1 of DAPDATR2 = 0: (Quad D not OK)
RBDFAIL = -1
If bit 7 of DAPDATR2 = O: (Quad B not 0K)
RBDFAIL = 1

Return
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NEEDLER
If bit 4 (Coarse Align) of channel 12 = 1:
Set bit 3 of RCSFLAGS = 1

Return

If bit 3 of RCSFLAGS = 1:
Set bit 6 (Enable CDU IMU Error Counters) of channel 12 = O
Proceed to "NEEDLE11"
If bit 2 of RCSFLAGS = 1, proceed to "NEEDLERR"
If bit 6 (Enable CDU IMU Error Counters) of channel 12 = O:
Set bit 3 of RCSFLAGS = 1
Return
Proceed to "NEEDLES™
NEEDIE11
AK = -0
EDRIVE = -0
CDUXCMD = -0
Set bits 3-2 of RCSFLAGS = 012
Return
NEEDLERZ2
Set bit 6 (Enable CDU IMU Error Counters) of chamnel 12 = 1

Set bits 3-2 of RCSFLAGS = 00

2
Return
NEEDLES
TS = - K — AK, with magnitude of each component limited <K S

CDUXCMD = CDUXCMD + (TS - EDRIVE)
EDRIVE = TS
Set bits 15-13 (Gate outputs from CDUXCMD) of channel 14 = 1

Return
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MASSPROP Entered from "AUTO37", 'DONOUNA6'", "ENGINOFF", and "TVCINIT1"
If bit 13 of DAPDATR1 = 1: (means IM-off)

VARSTi = Knolemvali (1=0-29)

If bit 13 of DAPDATR1 = O:

WanaLa = Kintvaluei iy Kslopeval:.L 85 (1=0-9)
If bit 15 of DAPDATR1 = 1: (descent stage off)
VARST1 = VARST1 + VARST8 (VARST1 and VARST2 not
' incremented if DAPDATR1
VARST2 = VARST2 + VARST9 is 777778, which it should not)
VARST7 = VARST7 + deitfix (VARST8 and VARST9 destroyed if used)

Proceed to "FIXCW"

FIXCW Entered from "TVCEXEC" and at end of "MASSPROP'"

DELCMWT = CSMMASS + Knegbpw

If DELCMWT K O:
TIAVGATIX = VARST7 DELCMWT + VARST2
IAVG = VARSTé DELCMWT + VARSTL
IXX = VARST5 DELCMWT + VARSTO

If DELCMWT > O:
TAVGATLX = VARST3 DELCMWT + VARST2
IAVG = VARST, DELCMWT + VARSTL
IXX = VARST5 DELCMWT + VARSTO

TS = CSMMASS

If bit 14 of DAPDATR1 = 1: (means IM-on)
TS = TS + LEMMASS

MASS = TS

Return (to routine calling "MASSPROP" or "FIXCW'")
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NOTE: "RCS DAP" refers to undocked DAP only in this segment.

Quantities in Computations

See also list of major variables and list of routines

1dCONACC: Single precision value of reciprocal of roll-axis acceleration

used fgr VC roll DAP, scale factor B9, units of (revolutions/
second®) ™., Computed in "S40.15", and is based on two-jet torque
(see K, .. ). Updated every 10 seconds during burn (by entrance
to "s,0P18R).

ACORBD: Single precision quantity, scale factor Blh, specifying the

ADB:

quad pair to be used for roll attitude control in the RCS DAP.
If positive (4+1), quad B/D is to be used; if negative (-4096,
for programming convenience), quad A/C is used. The TVC DAP
alternates roll commands between quads. Cell is set in "S41.2"
based upon bit 13 of DAPDATR2 (O for positive, 1 for negative).

Single precision value of the attitude error deadband used in RCS/
docked DAP, scgle factor B-1, units revolutions (one least increment
is about 0.011°). For RCS DAP, set based on bit 4 of DAPDATR1, but
can subsequently be changed by the program (with changes refleéted
in DAPDATR1 for transfers between 'wide" and "narrow" deadbands) .
For docked DAP, set to DKDB. In P20, set based on R2 of N79 (with
zero being 0.5°), each pass through "R61CSM" (R61CNTR = O) or in
"R67START". Deadband restored to RO3 or DKDB wvalue in "FIXDB"

and "INITSUBA'". When "DONOUNA46" is performed, the RO3 value is
retained; a noun Ol procedure could also be used to load the

cel%, if desired. For RCS DAP, 'wide" is 5° and "narrow" is

0.:5%,

AK (AKO, AKX, AKZ): Single precision values of attitude errors used as

communication cells with "NEEDLER", scale factor B-1l, units
revolutions. Nominal scaling of display (see Kdacsc) is such that
"full scale deflection'" is 16.875° of attitude error, with a
positive AK input to "NEEDLER" giving a negative loading of CDUXCMD.

During P11, entered from "NOPOLYM" with AK. loaded so as to give
full scale of 67.5° (other axes normal scaling); every half second
(approximately). Can be used to steer Saturn if control of Saturn
switch set. If Saturn DAP activated, entered from "SATSTICK" instead.

During RCS/docked DAP operation, "NEEDLER" is entered every 0.2
seconds from "KMATRIX" (on alternate 0.2 seconds, AK is loaded in that
routine with appropriate error information).

During TVC DAP operation, "NEEDILER" is entered every 0.5 second
from "TVCEXEC", with AK loaded by "TVCEXEC'", "PCOPY", and "YCOPY"
respectively.

During entry DAP operation, "NEEDLER" is entered from
"CM/FDAIR" every 0.2 second, with AK. loaded so as to give full
scale of 67.5° and others having normal scaling. AK. is set O
every 2 seconds if CMDAPMOD = -O (see Digital Autopigot
Entry Routines), and AKl and AK, effectively set O if bit 3
(O5GSW) of FLAGWRD6 = 17 they aTe otherwise computed in "ATTRATES"
and "EXDAP" respectively.

The general polarity of loading AK is "commanded angle minus
present angle''. A DSKY one-shot drive of error needles can be done
by V43E means. NO4 can be used to display - AK.
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CDUXCMD: See IMU Computations. If coarse align bit is not set, the

CNTR:

data goes to FDAI attitude error display (x, y, z associated with
roll, pitch, and yaw respectively, with 384 pulses giving full
scale deflection). If bit 9 of channel 12 = 1, the information
in the cells is used for Saturn control.

Single precision cell used for switch-over control purposes in
TVC DAP. Prior to entering TVC DAP, is used in "S40.6" as a flag
to indicate whether that routine entered from "PRELO.6" (value
1, scale factor Blh) or from "PLOSXTY" (value +0). If it was
entered from "PRELO.6'", then the four-second delay before driving
the SPS gimbals to their trim position is bypassed.

CSMMASS: Value of CSM mass, scale factor Bl6, units kilograms, computed

double precision in "S40.8" but used single precision elsewhere
(including DSKY loading). Since the least significant half is not
otherwise employed, the displayed value can differ from the onboard
estimate by T~4 kg (about 8.8 pounds). It can be loaded manually
in Rl of N47, and is updated in '"S40.8'". The updating consists of
subtracting two seconds worth of mass flow rate (determined by a
pad-load constant in units of kilograms/centi-second) if the sensed
accelerometer output in the previous two-second interval exceeded
the thrust-fail criterion (another pad-load constant). The updating
occurs whenever "S40.8" is entered (and the accelerometer output is
sufficient), and uses MASSTMP (see "S40.8") for restart protection
purposes. "S40.8" is entered only for PLO, starting when Average-G
is turned on (due to AVEGEXIT setting in "PLOSXTY"), and ending when
AVEGEXIT is loaded with some other quantity (e.g. "CALCN85" in
"PLORCS'" for an ENTR to F V99 or PRO to F V16 NLO after the burn).
Because of this logic, no other special provisions need be made to
compensate for thrust fail conditions: it should be noted, however,
that the gain updates in "TVCEXEC" are based on the current value of
CSMMASS. Although the mass updating is done as part of the Average-G
computation loop, the computations are entered only in P4JO. As a
result, if an SPS burn were to be done using the SCS and PL7, for
example, CSMMASS would have to be updated manually.
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DAPDATR1: Single precision quantity whose individual octal digits are
assigned control significance for the RCS and TVC DAPs, and which
is displayed in R1 of Ni6. Digit #1 is used for the TVC DAP to
determine vehicle configuration (IM-off, IM-on descent & ascent,
or IM-on ascent only), while the remaining digits are used only
by the RCS DAP (together with digit #1). Digits #2 - #5 are
processed in '"S41.2", which is entered when RO3 is performed (undocked)
as well as when the RCS DAP is initialized (e.g. after a restart
or when IMU data becomes usable after a period of not being
usable). The individual bits of DAPDATR1 have the following
meanings(digit #1 is also referred to as "A", #2 as "B", etc.):

Octal Word
Digit Bit Significance

1 15-13 Specify vehicle configuration/desired DAP.
Because of the use of various bits (e.g. 14 and
13) at different parts of the program to
obtain vehicle information, caution should be
used that the digits specified be those below,
and other patterns should be avoided.

0 is set by '"CM/DAPON" for entry DAP, and
terminates other DAP activity if
"STABLISH'" is entered

1 indicates IM-off (causes RCS DAP to be
started if "STABLISH" is entered)

2 dindicates IM-on ascent and descent,
and causes RCS DAP to be started if
"STABLISH" is entered

3 indicates Saturn DAP, and causes
Saturn DAP to be started if
"STABLISH" is entered

6 indicates IM-on ascent only, and
causes RCS DAP to be started if
"STABLISH'" is entered (bit 15 is
used in 'MASSPROP'" to select proper
coefficient values)

2 12-11 Not used (no effect)

10 Allow use of quad A/C for X-translation if 1
3 9-8 Not used (no effect)

i Allow use of quad B/D for X-translation if 1

(if bits 10 and 7 both O, program acts as
if both bits were 1)

k 6-5 Not used (no effect)

L Select narrow deadband (0.5°) if O and wide
deadband (5.0°) if 1: loading of ADB is done

DPIR-13



Octal Word
Digit Bit - Significance

5 3 Not used (no effect)
2-1 Specify maneuver rate for RHC or automatic
maneuvers:

00, for 0.05%/sec
015 for 0.20°/sec
105 for 0.50°/sec
117 for 2.00°/sec

18}

DO

DAPDATR2: Single precision quantity whose individual octal digits are
assigned control significance for the RCS DAP only, and which
is displayed in R2 of N46. It is processed in "S41.2", with the
individual bits having the meanings given below:

Octal Word

Digit Bit Significance
1 15-14 Not used (no effect)
13 Use quad A/C for roll if 1 (if O, use B/D)
2 12-11 Not used (no effect)
10 Quad A may be used if 1 (not to be used if 0)
3 9-8 Not used (no effect)
7 Quad B may be used if 1 (not to be used if 0)
L 6-5 Not used (no effect)
L Quad C may be used if 1 (if bit 10 is 1, quad
C not to be used if bit 4 is 0)
5 3-2 Not used (no effect)
i Quad D may be used if 1 (if bit 7 is 1, quad

D not to be used if bit 1 is 0)

DELCMWT: Value of (CSMMASS + K b ) computed in "FIXCW'", scale factor
Bl5, units kilograms, singié Bgecision (the difference between
present CSM mass and the "breakpoint! value for use in computing
mass-property information). Program notation is '"TEMP333",

DELPBAR, DELYBAR: See Digital Autopilot TVC Routines.

DKDB: See Digital Autopilot RCS Routines.

EDRIVE: Single precision values of previous scaled AK output information
in "NEEDLES'", scale factor Bl,, units output drive pulses (there
are 213 pulses per revolution for standard scaling). EDRIVE is
the internal computer image of the number contained in the
appropriate error counter driven from CDUXCMD, and is required
since interface is incremental pulses from a previous setting.
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HOLDFLAG: Single precision quantity, scale factor Blh, used to control
the nature of the attitude hold performed by the RCS/docked DAP. A
positive non-zero value means that at the next opportunity
("AHFNOROT'" entered not in Free Mode and with rate filter initial-
ized), the present CDU angles should be loaded into THETADX for
use as the new attitude reference. A +0 value means that the DAP
is in attitude hold about the angles in THETADX. A negative non-zero
value means that automatic maneuvers are being performed (and
that WBODY, CDUXD, BIAS, and DKICDU all have an effect, see Digital
Autopilot RCS Routines).
A positive non-zero value is loaded if the DAP's control of the
vehicle is removed (e.g. bit 15 of channel 31 = 1); when the DAP
is initialized; if the IMU data is not usable (i.e. not fine
align); if the Free Mode is entered; if RHC commands are provided;
or if no DAP is desired (by "STABLISH"). If HOLDFLAG is negative non-
zero and a switch to Hold Mode is made, attitude hold is also
performed (same effect as having HOLDFLAG positive non-zero, although
the setting is not made).
A positive zero setting is made in "AHFNOROT'" after loading THETADX
provided that bits 13-11 of RCSFLAGS = O (i.e. damping done); in
"STOPRATE'" (if previous value, negative, was -1, is set +0); and in
"T5PHASE2" if presently negative and the magnitude of the middle
gimbal angle exceeds 75°.
A negative non-zero value is set in R61 and also when attitude maneuver
computations (e.g. R60 or R67) have loaded the DAP interface cells.
Programs checking HOLDFLAG can conclude, if it is not negative
non-zero, that an interruption of the automatic maneuver has occurred.

TAVG: Single precision value of the "average'" of moments of inertia
about the y and z axes, scale factor B20, units kilogram-meters<.
Tt is computed as a function of CSMMASS (and LEMMASS if DAPDATR1
so indicates) in "FIXCW" and is used in "S40.14" to compute
quantities for the RCS DAP (the separate quantity IAVGATIX is
used for the TVC DAP). Storage address corresponds to "IXX'" +1,

JAVGATIX: Single precision value of the "average" of moments of
inertia about the y and z axes divided by the "thrust moment"
(product of engine thrust and the "moment _arm from hinge-point
to c.g."), scale factor B2, units seconds®, used in "S4L0.15" to
multiply KTLXdI to obtain VARK. Program notation is "IAVG/TIX",
and storage address corresponds to "IXX" +2. Computed in "FIXCW'".

IXX: Single precision value of moment of inertia aboyt the x axis
(roll), scale factor B20, units kilogram-meters<, computed in
"FIXCW", It is used in "SA40.14" and "SA40.15" to compute quantities
for the RCS and TVC DAPs respectively.

JdM (Jde, JdM._ JdMé): Single precision value of 80% (RCS DAP) of the
rec1proca} of ofie-jet acceleration about roll, pitch, and yaw axes
respectively, scale factor B23 (RCS DAP) or B27 (docked DAP), units
of (revolutions/(deci-second centi-second))™!, so that multiplication
of a rate in revolutions/deci-second by JdM yields a time in
centi-seconds. The 80% RCS DAP factor is in Kcn one’ to account
for "tolerances in the torque produced by the Je%s and uncertainties
in the vehicle moment of inertia". RCS DAP quantities computed
in "S40.14"; docked DAP ones are erasable memory constants loaded
into JdM in "REDAP".
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JETAG: See Digital Autopilot Entry Routines.

2pidm: Single precision constant, program notation8”2PI/M”, scale

factor B-8. Nominal value is 0.00331017 x 2%, correspondin

to the reciprocal of: ( 700 x 2 x 1.355817948 x (1/271) x gt
where first term is nominal torque due to a single jet (in foot-
pounds), second accounts for two jets, third converts to units of
newton-meters, fourth converts to units of revolutions, and fifth

is scale factor.

K : Single precision constant, program notation '"CONTONE", scale
cntonefactor B3, value 0.66203L. Value corresponds to the reciprocal

of: (700 x 1.355817948 x (1/2T) x (1/0.8) x 1072 x 107+ x 23) g
where first term is nominal torque due to single jet (in foot-
pounds), second converts to units of newton-meters, third converts
to units of revolutions, fourth is the 80% factor discussed for
JdM, fifth converts to units of centi-seconds for result, sixth
converts rotation rate to units of deci-seconds (see JdM for the
time units), and seventh is the scale factor.

Kcnttwo. Constant, program notation '"CONTIWO", scale factor B7, value
0.00118 (double precision Val%e corresponds to 700 x
1.355817948 x (1/217) x 107+ x 10~ 7, where first term is
nominal torque due to single jet (1n foot—pounds), second converts
to units of newton-meters, third converts to units of revolutions,
fourth converts to deci-seconds (for rotation rate), fifth converts
to centi-seconds (see KMJ for time units), and sixth is scale

factor.

Kdacmlt' Single precision constant, program notation "DACLIMIT +1", scale
factor Blh, units of output drive pulses. Value is 384 x 27
corresponding to 384 pulses (the saturated error counter). Actual
program implementation involves 3 constants: -384, 16000, and
+38), with the 16000 used as a magnitude check. If, when 16000 is
added to magnitude of argument, the answer overflows (exceeds
16383), then limiting is required. The 384 corresponds to 6008.

dasae Single pre0151on constant, program notation "QUARTER", scale
factor Bl5, value £, corresponding to a true value of 2 3, It
converts AK frig units of revolutions to units of output drlve
pulses, with 2 pulses corresponding to the nominal scaling for
a revolution. Hence 38) pulses, the error counter saturation
level, correspond to 16 7/8 degrees, as discussed for AK.
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chhé: Single precision constant, program notation "DECL6'", scale

factor B-1, units revolutions. Value is 46 x 2~14, the same as
K

mindb”
chh09: Single precision constant, program notation "DECL09'", scale
factor B-1, units re,volu.’c,j.oni.+ Value is 409 x 274, which when
added to chhé gives 455 x 274, the same as K ib*
deitfix: Single precision constant2 rogram notation "DXITFIX'", scale
factor B-12, units seconds /ﬁilogram, used to increment
VARST7 if IM-on APS—onlylgonfiguration is specified. Nominal
value is -1.88275E-5 x 2-<, corresponding to -0.85,E-5 x
(1/0.45359237) x 2l , where first term is value in sec”/pound,
second converts to kilograms, and third is scale factor. Octal
value is 754204, corresponding to about -0.85367E-5 sec?/pound.

; : Single precision constant, program notgtion "INTVALUE",

1ntvalueo scale factor B20, units kilogram-meters™, used as the
constant valus to initialize VARSTO for IM-on. Nominal value
is 26850 x 27 O, corresponding to about 19803.5 x 1.355817948
b 2'20, where first term is value in slug-ft<, second converts
to kilogram-meters<, and third is scale factor. Octal value is
0064, corresponding to 26880 kilogram-meters? or about
19826 slug-ft=.

: : Single precision constant, program notation "INTVALUE +1'",
1ntvaluel scale factor B20, units kilogram-meters<, used as the const-
ant value to initialize VARST1 for IM-on (if descent stage
off, subsqugntly incremented by VARST8). Nominal value is
123818 x 27, corresponding to about 94052.5 x l.3558l79h$ %
27<Y, where first term is value in slug-ft<. Octal value is
3710, corresBonding to 127,88 kilogram—meters2 or about
9h038 slug-ft<.

: Single precision constant, program notation "INTVALUE +2'",
2 scale factor B2, used to initialize VARST2 for IM-on (if
descent stage off, subsequently incremented by VARST8) by providing
the constant valueé Nominal value is 0.54059 x 2"2, corgesponding
to 0.54059 seconds® (since units of constant are secondg ). Octal
value is h2h68, corresponding to about 0.540527 seconds

Kintvalue

°

: Single precision constant, program notation "INTVALUE +3'",
3 scale factor B-12, used to initialize VARST3 for IM-on, b
providing the constant value. Nominal value is 0.15396LE-l x 2 2,
with units seconds</kilogram. Nominallgalue corresponds to
about O.698369E—3 x (1/0.45359237) x 27°, where first term is
value in seconds®/pound, second converts to kilograms, and third
is scale factor. Ogtal value is 20118, corresponding to about
0.698210E-5 seconds</pound.

Kintvalue

DPIR-17



K

Kintvalue

Kintvalueé'

Kintvalue

Kintvalue8

Kintvalue

intvalue ° Single precision constant, program notation "INTVALUE +4'",
L4 scale factor B6, used to initialize VARST, for IM-on, by
providing the constant value, uzits (kilogramrmetersz)/kilogram.
Nominal value is -0.742923 x 27°, corresponding to about -0.2485468
x 1.355817948 x (1/0.45359237) x 27°, where first term is value in
slug-ft</pound, second converts to kilogramrmetersz, third converts
to kilograms, and fourth is scale facto Octal value is 775018,

corresponding to about -0.24830 slug—ftg/pound.

: Single precision constant, program notation "INTVALUE +5",
5 scale factor B6, used to initialize VARST5 for IM-on, by
providing the constant value, units (kilogram-meters<)/kilogram.
Nominal value is 1.5398 x 27, corresponding to about 0.51514 x
1.355813948 x (1/0.45359237) x 27°, where first term is value in
slug-ft /pound2 Octal value is 612,, corresponding to about
0.5149 slug-ft</pound. Octal value same as Knolemvals'

: Single precision constant, program notation "INTVALUE +6",
scale factor B6, used to initialize VARST6 for IM-on, by
providing the constant valye, units (kilogramrmeters2)/kilogram.
Nominal value is 9.68 x 27°, corresponding to about 3.2385 x
l.35581%9h8 x (1/0.45359237) x 27°, where first term is value in
slug-ft /pound2 Octal value is h6568, corresponding to about
3.238L slug-ft</pound.

: Single precision constant, program notation "INTVALUE +7", (
7 scale factor B-12, used to initialize VARST7 for IM-on,
by providing the constant value, units seconds2/kilogram. Nominal
value is 0.647625E-4_ x 212, corresponding to about O.293558E—a
x (1/0.45359237) x 212, where first term is value in sec</pound,
second converts to kilograms, and third is scale factor. Octal
value is 103728, corresponding to about 0.293748E-L secz/pound.

: Single precision constant, program notation '"INTVALUE +8",
scale factor B20, used +to initialize VARST& for IM-on, by
providing the constaBB value, units kilogram—metersz. Nominal
value is -27228 x 27<Y, corresponding to about - 20082
x 1.355817948 x 2720, where firsk term is value in slug-ft<,
second converts to kilogram-meters®, and third is scale factor
Octal value is 771268, Eorresponding to -27200 kilogram-meters
or about -20062 slug-ft<.

2

: Single precision constant, program notation "INTVALUE +9",
9 scale factor B2, used to initialize VARST9 for IM-on, by
providing the Sonstant value, units seconds<. Nominal value is
-0.206476 x 27<, corresponding to -0.206476 seconds®. Octal value
of constant is 762618, corresponding to about -0.206543 seconds”.
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Kmhactd : Single precision constant, program notation "-LACTDEG", scale
& factor Blh, units CDU actuator output pulses (one pulse is
85.41 seconds; there are about 42.14963 pulses/degree). Value is
~168 x 274 or twice the value of K oactd (with opposite sign),
corresponding to about -4 degrees. peactdg

K b’ Single precision constant, program notation "MAXDB", scale
factor B-1, units revolutions. Value is 455 x 2714, corresponding
to about 4.9988 degrees.

Kmindb: Single precision constant, program notation "MINDB'", scale
factor B-1, units revolutions. Value is 46 x 2_14, corresponding
to about 0.5054 degrees.

K oW’ Single precision constant, program notation "NEGBPW', scale

NCEOPWegctor Blb, units kilograms, giving the complement of the
CSM "breakpoint' weight for comfgtation of mass properties.
Nominal value is -15402.17 x 272, corresponding to -15402.17
kilograms or about 33955.97 pounds (program comments indicate
that '"dry weight" is 23956 pounds, giving effect for constant
of 10,000 pounds of propellant). Octal value is 703648, corres-—
ponding to -15404 kilograms (-33960.0 pounds).

: Single precision constant, program notation "NOLEMVAL",
O scale factor B20, units kilogram—metersz, giving setting
for VARSTO for IM-off. Nominal value is 25445 x 2‘20, corresponding
to abouf 18767 x 1.355817948 x 2'20, where f%rst term is value in
slug-ft~, second converts to kilogram-meters<, and third is scale
factor. Octal value is 6168, corresponding to about 18787 slug-ftz.

Knolemval

Knolemval : Single precision constant, program notation "NOLEMVAL +1'",

1 scale factor B20, units kilogram—metersz, used to give
setting for VARSTL for IM-off. Nominal value ig 87450 x 2-20,
corresponding to about 6%500 x 1.355817948 x 27 O, where first
term is value in slug-ft<. Octal value is 25268, corresponding
to about 64481 slug-ft<.

: Single precision constant, program notation "NOLEMVAL +2",
2 scale factor B2, used to give setting for VARST2 for IM-
off, units seconds?. Nominal value is 0.30715 x 27, corres-
ponding to 0.30715 seconds?. Octal value is 23528, corresponding
to about 0.30713 seconds<.

Knolem.val
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K 1 10 Single precision constant, program notation '"NOLEMVAL +3",
no-lemva 3 scale factor B-12, units secondsz/kilogram, used to
initialize VARST3 for IM-off. Nominal value is 1,22877E-5 x 212,
corresponding to 0.55736E-5 x (1/0.45359237) x 21<, where first
term is value in seconds</pound, second converts to kilograms, and
third is scale factor. Octal value is 14718, corresponding to

about 0.55762E-5 seconds?/pound.

Knolemval : Single precision constant, program notation "NOLEMVAL +A'",
L, scale factor B6, used to initialize VARST, for IM-off,

un%ts kilogram-meters? per kilogram. Nominal value is 1.6096 x
270, corresponding to about 0.5385 x 1.355817948 x (1/0.45359237)
X 2—6, where first term is value in slug-ft</pound, second converts
to kilogram—metersz,third converts to kilograms, and fourth is
scale factor. Octal value is 63h8’ corresponding to about

0.53842 slug-ft</pound.

: Single precision constant, program notation 'NOLEMVAL +5",
5 scale factor Bb, used to initialize VARST5 for IM-off,
un%ts kilogram-meters® per kilogram. Nominal value is 1.54 x
270, corresponding to about 0.5152 x 1.355817948 x (1/0.45359237)
b 2'6, where first term is value in slug-ft</pound, second
converts to kilogram—metersz,third converts to kilograms, and
fourth is scale factor. Octal value is 612,, corresponding to

R
about 0.5149 slug-ft</pound. Octal value same as Kintvalue5'

Knolem.val

Knolemval : Single precision constant, program notation 'NOLEMVAL +6",
6 scale factor B62 used to initialize VARST6 for LM-off,
units kilogrgm-meters per kilogram. Nominal value is
2T x 27 corrgsponding to about 2.600 x 1.355817948 x
(1/0.453592375 x 279, where first term is value in slug-ft</
pound, second converts to kilogram—metersz, third converts to
kilograms, and fourth is scale factor. Octal value is 37068,
corresponding to about 2.6006 slug—ft2/pound.

: Single precision constant, program notation "NOLEMVAL +7",
7 scale factor B-12, used to initialize VARST7 for LM-Sff,
units seconds</kilogram. Nominal value is 3.46458E-5 x 2l L
corresponding to about 1.5715E-5 x (1/0.45359237) x 212, where
first term is value in sec</pound, second converts to kilograms,
and third is scale factgr. Octal value is hh258, corresponding
to about 1.57148E-5 sec”/pound.

Knolem.val

: Single precision constant loaded into VARST8 for IM-off,
8 but should not be used. Cell corresponds to K, 3
. i intvalue
with same scaling. 0

Knolem.val

Knolemval : Single precision constant loaded into VARST9 for IM-off,

9 but should not be used. Cell corresponds to K. 1ue. ?
but with octal number considered scaled B2 insteadlg}va L]
B20. Value would be about 0.48633 seconds?.
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Single precision constant, program notation "+2ACTDEG", scale

actor_Bl,, units CDU actuator pulses (see K Value

Kp2actdg:f )
mhactdg’ *

is 84 x 2‘14, corresponding to about +2 degrees.

: Single precision constant, program notation "SLOPEVAL',
0 scale factor B6, units kilogram-meters< per kilogram, used
as the slope value to initialize VARSTO for IM-on. Nominal value
is 1.96307 x 27°, corgesponding to about 0.65675 x 1.3558179%8
x (1/0.45359237) x 27°, where first term is value in slug-ft</pound,
second converts to kllogram--meters2 third converts to kilograms,
and fourth is scale factg Octal value is 7678, corresponding
to about 0.6573L slug-ft</pourn

slopeval

: Single precision constant, program notation "SLOPEVAL +1",
1 scale factor B6, units kilogram—metersz/kilogram, used as
the slope vajJue to initialize VARST1 for IM-on. Nominal value is
o W corrgspondlng to about 9.2261 x 1 355817948 x
(1/0.45359237) x 27°, where first term is value in slug-ft /Eound.
Octal value is 1562h8, corresponding to about 9.2263 slug-ft</pound.

Kslopeval

: Single precision constant, program notation "SLOPEVAL +2'",
2 scale factor B-12, units seconds /kllogram, used as the
slope value tizlnltlallze VARST2 for IM-on. Nominal value is
2.3?%8E -5 x 2 orrespondlng to about 1. 06812E 5 x (1/0.45359237)
, Where flrst term is value in seconds /pound, second
converts to kilograms, and third is scale factor. Octal value
is 305A8, corresponding to about 1.06793E-5 secondsz/pound.

Kslopeval

: Single precision constant, program notation "SLOPEVAL +3',
3 scale factor B-26, units seconds /kllogram per kilogram,
used as the slope valugéto initialize VARST3 for IM-on. Nominal
value is 2. 177ZE 9 , corresponding to about 0.44805E-9 x
(1/0.45359237) 6 where first term is value in seconds /pound
per pound. Octal value is h5328, corresponding to about 0.44798E-9
seconds</pound per pound.

Kslopeva

: Single precision constant, program notgtlon "SLOPEVAL +4'",
L4 scale factor B-8, units kilogram-meters® per kilogram per
kilogram, used as the slope vglue to initialize VARSTA for IM-on.
Nominal value is 1.044E-3 x 2 » corgesponding to about 0.1584E-3
x 1.355817Zh8 x (1/0.45359237)< x 2°, where first term is value
in slug-ft</pound per pound, second converts to kilogramrmetersz,
third converts to kilograms, and fourth is scale factor. Octal
value is 10A338, corresponding to about 0.158433E-3 slug-ft /pound
per pound.

Kslopeval

: Single precision constant, program notation "SLOPEVAL +5",
5 scale factor B-8, units kllogram—meters2 per kilogram per
kilogram, used as the slope value to initialize VARST5 for
IM-on. Value is zero, meaning that VARST5 is not affected by
LEMMASS.

slopeval
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K : Single precision constant, program notation "SLOPEVAL +6",
slopeva16 scale factor B-8, units kilogram.—meters2 per kilogram per
kilogram, used as the slope value to initialize VARSTé for IM-on.
Nominal value is 2.21068E-3 x 28, corresponding to about
0.335472E-3 x 1.355%179&8 x (l/O.A5359237)2 b d 28, where first term
is value in slug-ft</pound per pound. Ocfal value is 220704,
corresponding to about 0.33546E-3 slug-ft~/pound per pound.

: Single precision constant, program notation "SLOPEVAL +7",
7 scale factor B-26, units seconds2/kilogram per kilogram,
used as the slope valuséto initialize VARST7 for IM-on. Nominal
value is 1.5163E-9 x , 2%, corresponding to about 0.31203E-9 x
(1/0.45359237)< x 226, where first term is value in seconds?/pound
per pound, second converts to kilograms, and third is scale factor.
Octal value is 32Oh8, corresponding to about 0.31212E-9 secondsz/
pound per pound.

Kslopeval

: Single precision constant, program notation "SLOPEVAL +8'",
8 scale factor B6, units kilogram-meters® per kilogram, used
as the slope value to initialize VARST8 for IM-on. Nominal value
is -1.284 x 27°, cogresponding to about~0.4296 x 1.3558179%8 x
(1/0.45359237) x 27°, where first term is value in slug-ft</pound,
second converts to kilogram—metersz, third converts to kilograms,
and fourth is scale factor. Octal value is 772668, corresponding
to about -0.4300 slug-ft</pound.

Kslopeval

: Single precision constant, program notation "SLOPEVAL +9'",
9 scale factor B-12, units seconds</kilogram, used as the
slope value_to initialize VARST9 for IM-on. Nominal value is
2.00E-5 x 212, corresponding to about 0.9072E-5 x (1/0.45359237)
x 2%, where first term is value in seconds</pound, second
converts to kilograms, and third is scale factor. Octal value
is 24764, corresponding to about 0.90706E-5 seconds?/pound.

Kslopeval

KMJ (KMJO, KMJl, KMJ2): Single precision value of the one-jet accel-

eration about roll, pitch, and yaw axes respectively, scale factor
B-13, units of revolutions/(deci—second centi—second), so that
multiplication of a time in centi-seconds by KMJ yields a rotation
rate in revolutions/deci-second. RCS DAP quantities computed in
"SLKLO.14"; docked DAP ones are erasable memory constants loaded
into KMJ in "REDAP",

KTIXdI: See Digital Autopilot TVC Routines.

LEMMASS: Single precision value of IM mass loaded by R2 of NA7, and
used in '"MASSPROP'" if bit 13 of DAPDATR1 = O to compute IM-
attached mass properties constants. If bit 14 of DAPDATR1 = 1,
is used in "FIXCW" to compute MASS (if DAPDATR1 set to indicate
that IM not attached, cell contents ignored). _Scale factor Bl6,
units kilograms, but value should not exceed 215 (or be equal to
it) kilograms because of left shift in "MASSPROP": this is about
72000 pounds. For valid MASS computation, sum of CSMMASS and
LEMMASS must be less than 21° kilograms.
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MASS: Single precision value of vehicle mass, program notation
"WEIGHT/G", scale factor Bl6, units kilograms, loaded in "FIXCW"
as the sum of CSMMASS and (if specified by DAPDATR1) LEMMASS. Note
that the value in this cell is not updated by RO3 ("DONOUNL6')
unless digit #1 of DAPDATR1 is 1, 2, 5, or 6. The cell is used as
if it were double precision in "S40.1", "S40.1B'", and "SA40.13'": in
these cases, the least significant half is AKO.

MRKRTMP: See Burn Control.

NVWORD1: See Burn Control.

OPTIND: See Optics Computations.

PACTOFF: See Digital Autopilot TVC Routines.

PMANNDX: Single precision cell, scale factor Bli, loaded in "STICKCHK"
with bits 2-1 of TS (set before entering routine). These bits
correspond to the "pitch" input, with 00, meaning no maneuver,
01, meaning a positive maneuver, 10, meaning a negative maneuver,
and 11, treated the same as 00, except for rate-command use of
the RHC (see "T5PHASE2'"). TS is set to the "true" values of
the input information (which for the controllers have an
inversion from the binary values, so that a binary O channel
input represents a logical 1).

RACFAIL: Single precision cell, scale factor Blh, set in "S41.2" based
on Quad failure information in DAPDATR2. It is set to O if Quads
A and C are both indicated as functioning; it is set to +1 if
Quad A is indicated as having failed; and it is set to -1 if
Quad A is indicated as functioning and Quad C as not functioning.
See information below.

RATEINDX: Single precision cell, scale factor Blh, set in "S41.2"
to bits 2-1 of DAPDATR1 (shifted left one place for convenience
in indexing double precision constants). Value is O for a
specified maneuver rate of 0.05°/second; value is 2 for a
specified maneuver rate of 0.2°/second; value is 4 for a
specified maneuver rate of 0.5°/second; and value is 6 for a
specified maneuver rate of 2.0°/second.

RBDFAIL: Single precision cell, scale factor Bli, set in "SLL1.2n
based on Quad failure information in DAPDATR2. It is set to O
if Quads B and D are both indicated as functioning; it is set
to +1 if Quad B is indicated as having failed; and it is set to
-1 if Quad B is indicated as functioning and Quad D as not
functioning. See information below.
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RCSFLAGS: Single precision flag word used for control of RCS/docked
DAP functions. The individual bits have the following meanings:

Bit Meaning
15 Set in "NEWANGL" on initial pass (also in R67) if RATEINDX =

6 (meaning large-rate R60 maneuver), and used in
"T5PHASE2" to control setting of ATTKAIMN (to -1 if bit
is 1, and otherwise to 0) correspondingly. It avoids
having attitude maneuver routine change ATTKAIMN if

the DAP filter is being started up. Reset e.g. in "STOPRATE".

14 Bit set in the DAP if rate filter must be initialized
before computations are performed. It is set if e.g.
bit 15 of channel 31 is 1l(no &N control), or if
bit 6 of IMODES33 = 1, indicating IMU data not usable;
it is reset e.g. in "REDAP",

13 Bit set 1 in "T5PHASER'" for a change in RHC inputs, to
signify that roll damping must be completed before
attitude"hold"resumed, and reset zero in "J23" if no
roll firing required by phase-plane.

12 Bit set 1 in "THPHASE2R" for a change in RHC 1nputs, to
signify that pitch damping must be completed before
attitude'hold''resumed, and reset zero in "J23" if no
pitch firing required by phase-plane.

11 Bit set 1 in "TSPHASE2" for a change in RHC inputs, to
signify that yaw damping must be completed before
attitude'hold'"resumed, and reset zero in "J23'" if no
yaw firing required by phase-plane.

10-9 Bits set O in "T5PHASE2'" and then set, for a'change'in
RHC inputs, to the changed bits for roll(if any), to
force a firing in "J23" (if not otherwise required by
phase-plane) for that cycle, provided EDOT for that
axis not too close to O. Bit 1 if input 10 or O-»l.

8-17 Bits set O in "T5PHASE2" and then set, for a'change"
in RHC inputs, to the changed bits for yaw (if any):
see bits 10-9. '"Change'' for 10-5 could be docked DAP.

6-5 Bits set O in "T5PHASE2" and then set, for a''change"
in RHC inputs, to the changed bits for pitch (if
any): see bits 10-9. "Change'" also forced firings (see 8-7).

L Bit used in "KMATRIX" to cause '"NEEDLER" to be performed
on one pass (if presently 0) and a new AK value to be
loaded on the next pass (a pass takes place once every
0.1 second).

3 Bit set to 1 to cause '"NEEDLER'" routine to perform the
initialization functions for the FDAI display (reset
error counter to O etc.). Reset by "NEEDLE11l".

2 Bit set to 1 in "NEEDLE1l" to signify that first pass
of initialization function has been completed (causes,
with bit 3 = O, "NEEDLER2" to be entered at the next
transfer to "NEEDLER"). Reset by "NEEDLER2'.

1 Bit set O at end of "T6SETUP" and in "ZEROJET" to indicate
to "T6START" that the next TIME6 interrupt that is valid
should cause RWORD1l, PWORD1l, and YWORD1 to be loaded. The
"T6START" routine then resets the bit to 1.

DPIR-2L4



REPFRAC: See Digital Autopilot TVC Routines.

RMANNDX: Single precision cell, scale factor Blj, loaded in 'STICKCHK'
with bits 6-5 of TS (set before entering routine), shifted right
L places. These bits correspond to the '"roll" input (see PMANNDX).

T5L0C: Address controlling where computations begin when program interrupt
#2 (controlled by TIME5) is received. It is set to "T5IDLOC" to
cause these program interrupts to be ignored: this setting is done
as part of a "fresh start'" and also in "STABLISH" if bits 14-13
of DAPDATR1 are 00,. If a restart is encountered, the loading
of T5LOC is controiled by bits 15-14 of FLAGWRD6, and T5LOC is
set to "T5IDLOC", "REDORCS", "REDOTVC'", and "REDOSAT" for bits
15-14 = 002, 012, 102, and 112 respectively.

For the Saturn DAP, T5LOC = "SATSTICK" as set by "REDOSAT"
and "SATSTICK'". "REDOSAT" is entered due to T5LOC setting to that
address for a restart or by "SATSTKON" (entered from "STABLISH").
TIME5 setting is such as to cause "SATSTICK" to be entered every
0.1 second. .

For the RCS DAP, startup is accomplished (from "STABLISH'" or
from "ENGINOFF", "V97E", or "V97T") by entering "RCSDAPON", which
sets TIME5 to cause transfer to '"RCSATT" (T5LOC setting) in 0.6
secords. The delay if from "AUTO37" is 3.1 seconds. Two
interrupts 20 ms apart cause entrance to '"RCSATT", with subsequent
branching controlled by T5PHASE (see Digital Autopilot RCS Routines).
After the second "RCSATT" entrance, if filter not being initialized
T5L0C is set to "JETSLECT" with another 20 ms delay; that routine
in turn resets T5LOC to "RCSATT'" with a 60 ms delay (for the 100
ms RCS DAP cycle rate).

For the TVC DAP, T5LOC is set to "T5IDLOC" in '"IGNITION'
shortly after engine-on, to disable RCS DAP entrances. About
0.4 seconds later, T5LOC is set to "TVCDAPON" (with delay of
about 10 ms). "TVCDAPON" sets T5LOC to "TVCINIT1" (delay about
10 ms) which in turn, after entering "TVCINITL", sets T5LOC to
"DAPINIT" with delay from T5TVCDT (20 ms for IM-off). "DAPINIT"
in turn sets T5LOC to "PITCHDAP" with delay of one complete TVC
DAP cycle (40 ms for IM-off), causing entrance to "PITCHDAP" for
IM-off about 0.48 seconds after engine-on. 'PITCHDAP'" sets
T5L0C to "YAWDAP", which resets it to "PITCHDAP", each with delay
from T5TVCDT, i.e. loop cycle rate of 4O ms for IM-off.

The TVC DAP also uses waitlist task means to perform '"TVCEXEC"
every 0.5 second (starting .50 seconds after "TVCINITL'"), which
in turn calls the roll DAP task, '""ROLLDAP'", 0.03 seconds after
being entered. If a restart, "REDOTVC" sets T5LOC to "ENABLZ2',
which in turn sets to "CMDSOUT", which in turn sets to either
"TVCINIT1" or "DAPINIT" depending on timing of restart.

For the entry DAP, "CM/DAPON'" sets T5LOC to "T5IDLOC'", and
the waitlist task "READGYMB", after entering "BODYRATE', sets it
to "ATTRATES" (with 0.0l second delay). After executing the
computations, T5LOC again set to "T5IDLOC" (at end of "CM/FDAIR'").
The entry DAP cycle rate is defined by the O.l-second waitlist
calls of "READGYMB'".

For the docked DAP, startup accomplished by entering "RCSDAPON",
and is similar to RCS DAP. Instead of "JETSLECT", however, T5LOC
is set to "DKJSLECT".
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T6LOC: Address controlling where computations begin when program
interrupt #1 (controlled by TIME6) is received. The interrupt
is not generated unless TIME6 is counting down; contrary to TIMES5,
the countdown of TIME6 must be enabled by a channel bit (bit 15
of channel 13). It is set to "T5IDLOC" in “CM/DAPON” (since the
Entry DAP does not make use of program interrupt #1).

In the RCS DAP, T6LOC is set to "T6START'" in "ZEROJET"
(which is also entered if no DAP or if Saturn DAP specified, to
zero output channels). During normal RCS DAP operation, TIME6
is set to 14 ms in "JETSLECT", so that jets scheduled to be
fired from about 86 ms to 100 ms will all be fired for the full
100 ms. Otherwise, TIME6 is set in "T6START" to the appropriate
delay. Docked DAP similar (in "SETUPT6" and "DKT6").

In the TVC DAP, T6LOC is used for timing of the roll RCS
Jjets, and is set to "NOROLL1" in '"JETROLL".

THETADX: See Digital Autopilot RCS Routines.

TIME5: Computer hardware clock register (cell 0030,), incremented by 1
each 10 ms under hardware control. TIts overflow (reaching a value
of 214 = 1638)) causes program interrupt #2 ("T5RUPT"), which is
coded to start performing the computations whose starting address
is in T5LOC. Setting TIME5 "to cause program interrupt #2 in
20 ms", for example, is accomplished by setting TIME5 = 377768.

TIME6: Computer hardware clock register (cell 0031g), decremented by 1
each 0.625 ms (i.e. at a 1600 pps rate) under hardware control if
bit 15 of channel 13 = 1. Because of decrement rate, can be
considered to contain time-interval information with scale factor
B10 in units of centi-seconds. Its reduction to zero causes
program interrupt #1, which is coded to start performing the
computations whose starting address is in T6LOC (via "T6RUPT").

TUSED: See Digital Autopilot Entry Routines.

TVCPHASE: See Digital Autopilot TVC Routines.

TVCPITCH: Single precision value of computer special erasable memory
counter cell 0054, when used to provide pitch steering commands
for the SPS engine gimbal (if bit 8 of channel 12 is 1). Pulses
are provided from the cell to change the value of the associated
error counter at a 3200 pps rate, until the cell contents reduced
to zero, provided bit 11 of channel 14 is set. The computer's
image of what is in the error counter is in PCMD (see Digital
Autopilot TVC Routines), i.e. the "integral" of TVCPITCH output
since error counter reset, by zeroing of bit 2 of channel 12,
e.g. in "S40.6". One pulse gives 85.41 arc seconds of output,
thus leading to the expression of scaling information as
"Bl in units of CDU actuator output pulses' or BO in units
of ASCREV (actuator revolutions, namely 21k pulses or about
1.07975111 revolution). There are about 42.14,963 pulses per
degree. The same cell is used for CDUSCMD (see Optics
Computations), and hence optics use must be disabled when the
cell is used for TVC purposes.
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TVCYAW: Single precision value of computer special erasable memory
counter cell 0053, when used to provide yaw steering commands
for the SPS engine gimbal (if bit 8 of channel 12 is 1). Pulses
are provided from the cell to change the value of the associated
error counter at a 3200 pps rate, until the cell contents
reduced to zero, provided bit 12 of channel 14 is set. The
computer's image of what is in the error counter is in YCMD
(see Digital Autopilot TVC Routines). Scaling same as TVCPITCH,
and the same cell is also used for CDUTCMD (see Optics Computations).

VARK: See Digital Autopilot TVC Routines.

VARSTO: Single precision quantity computed in 'MASSPROP" for use in
"FIXCW" (cell not time-shared in TVC DAP), scale factor B20,
units kilogram—meters2, giving the value of IXX at '"breakpoint!
(when DELCMWT = 0). '

VARST1: Single precision quantity computed in "MASSPROP'", scale factor
B20, used as the value of IAVG at "breakpoint", units kilogram-
meters<.

VARST2: Single precision quantity computed in "MASSPROP", scale factor
B2, units secondsz, used as the "breakpoint" value of IAVGATIX.

VARST3: Single precision quantity computed in "MASSPROP'", scale factor
B-12, units secondsz/kilogram, giving the slope of TAVGATLX with
CSMMASS for values above "breakpoint' (DELCMWT greater than 0).

VARSTA: Single precision quantity computed in '"MASSPROP!", scale factor
B6, units kilogram—meter52 per kilogram, giving the slope of IAVG
with CSMMASS for values above "breakpoint! (DELCMWT greater than 0).

VARST5: Single precision quantity computed in '"MASSPROP'", scale factor
B6, units kilogram-meters< per kilogram, giving the slope of IXX
with CSMMASS (both above and beIOW'”breakpoint”). Octal value is
same for IM-off and IM-on (regardless of LEMMASS), including APS

only.

VARST6: Single precision quantity computed in '"MASSPROP", scale factor
B6, units kilogram—meters2 per kilogram, giving the slope of IAVG
with CSMMASS for values not above 'breakpoint'" (DELCMWT not greater
than 0).

VARST7: Single precision_quantity computed in "MASSPROP", scale factor
© B-12, units secondsz/kilogram, giving the slope of TAVGATLX with
CSMMASS for values not above "breakpoint! (DELCMWT not greater
than 0).

VARST8: Single precision quantity computed in "MASSPROP", scale factor
B20, units kilogram—metersz, meaningful only for IM-on, and used
to increment VARST1 if descent stage off: it is added to VARSTI,
but is computed for IM-on from two constants both of which are
negative, hence a reduction in VARST1 results from the addition.
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VARST9: Single precisign quantity computed in '"MASSPROP", scale factor
B2, units seconds®, meaningful only for IM-on, and used to increment
VARST2 if descent stage off.

WHICHDAP, WHICHX2: See Digital Autopilot RCS Routines.

XTRANS: Single precision cell, scale factor Blh, set O if bits 10 and
7 of DAPDATR1 are the same value (allows four-jet X-translation);
set to +1 if bit 7 is 1 (allows use only of quad B/D for
X-translation); and set to -1 if bit 10 is 1 (allows use only of
quad A/C for X-translation). Setting performed in "S41.2". See
information below.

YACTOFF: See Digital Autopilot TVC Routines.
YMANNDX: Single precision cell, scale factor Bl,, loaded in "STICKCHK"

with bits 4-3 of TS (set before entering routine), shifted right
2 places. These bits correspond to the "yaw" input (see PMANNDX).
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Summary of RCS DAP Performance for Jet Failures

The only knowledge that the computer program has of RCS failures
is by means of the information in DAPDATR2: there is no attempt made
to deduce failures from observed spacecraft responses. The Entry DAP
has no input provided to specify failed CM RCS jets, and the TVC roll
DAP alternately uses (for rolls in a given direction) the A/C and
B/D Quads, without regard to the RCS jet status information provided
in DAPDATR2. Consequently, it is only the RCS DAP which makes use of
jet status information furnished in DAPDATRZ.

Routine "S41.2" serves as the interface between the information
in DAPDATR2 and the RCS DAP jet selection logic (which is normally
entered every 0.1 seconds while the RCS DAP is capable of providing
output commands, and which starts at "JETSLECT"). Certain features
of "S41.2" simplify the subsequent coding, but also have an influence
upon the performance of the program that is not necessarily evidenced
in the displays provided to the crew. These features include:

a) If Quad A is reported failed, the program assumes (without
checking and with no special indication to the crew) that Quad

C is functional.

b) If Quad B is reported failed, the program assumes (without
checking and with no special indication to the crew) that Quad

D is functional.

c) If neither Quad A/C or Quad B/D is specified for X-translation,
the program assumes that both are to be used.

d) If only Quad A/C is specified for X-translation, no attempt

is made to use Quad B/D for this purpose (even if Quad A or Quad C
has a reported failure). Similarly for roll Quad selection.
e) If only Quad B/D is specified for X-translation, no attempt
is made to use Quad A/C for this purpose (even if Quad B or Quad D
has a reported failure), Similarly for roll Quad selection.

In addition to the features of "S,41.2" that affect program perform-

ance, the jet selection logic itself has certain characteristics which
strongly influence program performance in the presence of reported RCS
failures. These include the following:

1) If only Quad A/C is specified for X-translation, and Quad A
or Quad C has a reported failure, no X-translation is performed
except that which may incidentally arise from the single-jet
firings to perform pitch control (or yaw control in the event
that Quad B or Quad D also has a reported failure).

2) Similar to #1, except with Quad B/D instead of Quad A/C.

3) If both Quad A/C and Quad B/D are specified for X-translation,
proper translation from the unfailed Quad (plus that which may
incidentally arise from single-jet firings) will be performed.
The routine used to estimate burn time (”540.13”), however, will

perform its computations based on four-jet ullage. If Quads
A/C and B/D both have reported failures, the situation of #1
applies.
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L) If Quad A/C is specified for roll, and Quad A or Quad C has
a reported failure, then no Y-translation is performed except
that which may incidentally arise from the single-jet firings
to perform roll control, "in which case the astronaut should
switch to B/D roll."

5) If Quad B/D is specified for roll, and Quad B or Quad D has
a reported failure, then no Z-translation is performed except
that which may incidentally arise from the single-jet firings
to perform roll control, "in which case the astronaut should
switch to A/C roll."

6) If Quad A/C is specified for roll, and Quad B or Quad D has
a reported failure, then single-jet Z-translation will be
performed for that portion of the O.l-second DAP cycle not
required for roll attitude control (even though a roll torque
is produced).

7) If Quad B/D is specified for roll, and Quad A or Quad C has
a reported failure, then single-jet Y-translation will be
performed for that portion of the O.l-second DAP cycle not
required for roll attitude control (even though a roll torque
is produced).

8) If Quad A/C is specified for roll, and Quad B or Quad D has
a reported failure, then the jet used in #6 will also be fired
during the portion of the O.l-second DAP cycle that is used for
roll attitude control if and only if the roll torque on the
vehicle is not reduced to O during this interval. It would

be fired if no Quad A/C failures were reported (since two-jet
torque is used) and no Y-translation is simultaneously specified;
other cases can best be analyzed by review of the jet table
information itself (see Digital Autopilot RCS Routines).

9) If Quad B/D is specified for roll, and Quad A or Quad C has
a reported failure, then the jet used in #7 will also be fired
during the portion of the O.l-second DAP cycle that is used for
roll attitude control if and only if the roll torque on the
vehicle is not reduced to O during this interval. It would be
fired if no Quad B/D failures were reported and no Z-translation
is simultaneously specified; see Jjet table information for other
conditions.

10) As suggested by #1 - #3 above, the philosophy of #6 - #9
above for Y-translation and Z-translation is not employed for
X~translation.
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Digital Autopilot RCS Routines *

RCSDAPON

Set TIME5 to cause program interrupt #2 in 0.6 seconds

T5PHASE = 16324 (i.e. positive non-zero)
Set bit 3 of RCSFLAGS = 1 (cause FDAI error display initial-
ization)

T5LOC = "RCSATT"
Set bits 15-14 (DAPBIT1, DAPBIT2) of FLAGWRD6 = Ol2
Return
REDORCS
If T5PHASE « O:
T5PHASE = -1
T5LOC = "RCSATT"
Proceed to "RCSATT"
RCSATT
TS = channel 31
If bits 14-13 of C31FLWRD # 00,:
TS = C31FLWRD
If bit 15 (G&N Autopilot Control complement) of TS = 1:
Set bit 14 of RCSFLAGS = 1
HOLDFIAG = +MAX
ERROR = +0
If bit 14(Free Mode complement) of TS = 1: (TS re-computed)
T5PHASE = 8192 (i.e. positive non-zero)
Set TIME5 to cause program interrupt #2 in 0.1 second
Perform "ZEROJET"

Proceed to "KMATRIX"
If T5PHASE > O: (Tag here "SETT5")
HOLDFIAG = 1
Proceed to "REDAP"

*NOTE: "IM" references are from Apollo 15 program, retained for mnemonic
usefulness.
DPRC-1



If T5PHASE = +0, proceed to "T5PHASE2"

If TS5PHASE < O, proceed to '"REDAP"

T5PHASE = +0 (was -0, indicating phase 1)

T5TIME = TIME5

Set TIME5 to cause program interrupt #2 in 0.02 seconds

If bit 6(NOIMUDAP) of IMODES33 = 1: (IMU data not usable)
Set bit 14 of RCSFLAGS = 1
HOLDFIAG = 8192
TS = channel 31
If bits 14-13 of C31FLWRD # 00,:

TS = C31FLWRD

If bit 14(Free Mode complement) of TS = O, Resume
Set TIME5 to cause program interrupt #2 in 0.2 seconds
T5PHASE = 16364, (i.e. positive non-zero)
Resume

If bit 14 of RCSFLAGS = 1, proceed to "KMATRIX'" (Tag here "RATEFILT")

DRHO = DRHO - K DRHO - ADOT
- - enlypmgary S -
Set RHO., = CDU and TS = RHO
0 % 0]
TSl = » (I = RHOO) (ones complement difference formed)
Set RHO, = CDU _ and TS = RHO
i ¥y 1
T8y = = (T8 - RHOl) . (ones complement difference formed)
DELTEMP = TS, + AMGB1 TS
b d 1 2
Set RHO, = CDU_ and TS = RHO
2 7 2
TS3 = - (TS - RHOZ) (ones complement difference formed)
DEITEMPy = AMGBL T52 + AMGB5 TS3

DELTEMP, = AMGB7 TS, + AMGBS TS,
DRHO = DRHO + DELTEMP

MERROR = MERROR + DELTEMP
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ADOT = ADOT + K DRHO + KMJ DFT
= L ~sp &

N2 ) DR ATMN

(last term involves e.g. KMJl DFT,
for ADOTl)

Proceed to "KMATRIX"
KMATRIX

TS = bits 4-1 of ATTSEC

If TS = O

Establish "AMBGUPDT'" (priority 3&8)

ATTSEC = 9
If TS # 03
ATTSEC =TS - 1

If HOLDFLAG <€ O:
CDUXD = CDUXD + DELCDU, in range < 180°
THETADX = CDUXDg
If bit 4 of RCSFLAGS = O:
Set bit 4 of RCSFLAGS = 1
Perform "NEEDLER"
Resume

Set bit 4 of RCSFLAGS = 0
If bit 9(NEEDLFLG) of FLAGWRDO

1l

0: (means do not display total
attitude error; V62 and V63
set 1; V61 sets 0)

Resume

If bit 6(N22ERNDS) of FLAGWRDY = 1: (set 1 by V62, O by V63)
ANGREF = THETAD (THETAD is N22)

If bit 6(N22ERNDS) of FLAGWRD9 = O:

ANGREF = CPHIX (CPHIX is N17)

DPRC-3



TS = CDU

AK . = (ANGREF - TS_) + AMGBl (ANGREF - TS )
b'd pld ¥ y

0
AKl = AMGBL (ANGREFy - TSy) + AMGB5 (ANGREFZ - TSZ)
AK2 = AMGB7 (ANGREFY - TSy) + AMGB8 (ANGREFZ - TSZ)
Resume

AMBGUPDT (Established once a second by "KMATRIX", and also by "REDAP").

If bits 15-14 (DAPBIT1, DAPBIT2) of FLAGWRD6 # Ol,, End of job

AMGB1 = sinSp CDu,,

AMGB8 = cos.,. (CDU, - K., ) (ones complement difference
oF * quadan formed when Kqyagan used )

AMGBL = cossp(CDUx - Kquadan) cosg CDU,
AMGB5 = sinsp (CDUX - Kqua dan)
AMGB7 = - sinsp(CDUX = Bodsnd cos, CDUy,
End of job

REDAP

If bit 6(45/L6FLG) of FLAGWRD3 = O: (Set 0 e.g. in "STABLISH")
WHICHDAP = O
WHICHX2 = O
Perform "S41.2"
Perform "SLO.1A"

If bit 6(45/L6F1G) of FLAGWRD3 = 1: (Set 1 e.g. in "DKDAPON')

WHICHDAP = 1 (Tag here "DKDLOAD")
WHICHX2 = 2

Hhd, = (Ckmjdckd’ Cymildckd’ Ckijdckd)
A6 = (demdckd’ C sdmid ok demchkd)
ADB = DKDB

DAPZRUPT = -16383

TIMEHOLD = K_ o)

DPRC-4

_—



il

Il

TAU = O
ATTSEC =
DRHO = O
DFT = O
MERROR =
ADOT = O
WBODY. = O
Perform "ZEROJET"
CHANTEMP = 777778
CH31TEMP = 777778

SLOPE = K
P2y TCHDAP

T5TIME = 4
ATTKAIMN = 11
RHO = CDU

T5PHASE = +0

(Tag here "ZEROT5'")

If bit 6(NOIMUDAP) of IMODES33 = 1:

ATTKAIMN = O

RCSFLAGS

Il

2000[.,8

If bit 6(NOIMUDAP) of IMODES33 = O:

Establish "AMBGUPDT'" (priority 3h8)

RCSFIAGS = OOOOA.8

Set TIME5 to cause program interrupt #2 in 0.06 seconds

Resume

(bit 3 = 1)
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ZEROJET

If WHICHDAP =

BLASTi+1

BLASTi+0

iWORD2 =

iWORD1

If WHICHDAP

Il

O:

1

0

Ais

62YWW = O

62PW = O

61YWW = O

61PW = O
5YWW = O

5PW = 0

62YWT = O

62PT = 0

61YWT = O

61PT = O
5YWT = O
5PT = 0O
If WHICHDAP =
BLAST1+1
BLAST2+1

If WHICHDAP =

i

il

SWORD = O

6WORD = 0

5AXW = O

5BXW = O

INHIBIT = O

NEXT6INT = K

Ii

bt9

(L =

(-

(i

(dummy check for documentation convenience)
0, 1, 2)

o, 1, 2)

=R, P, ¥)

R, P, Y)

(dummy check for documentation convenience:
cells are same addresses as for undocked
DAP indicated above (BLASTi+l thru iWORD1))

(Tag here "DKDZERO")
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Set bit 1 of RCSFLAGS = O (Tag here "ZOT")
T6LOC = "T6START!
Set TIME6 to 23 (cause program interrupt #1 in about 14 ms)
Perform '"C13STALL"
Set bit 15(TIME6 Count Enable) of chammel 13 =1
Return
T5PHASE2
If ATTKAIMN » O:
ATTKAIMN = ATTKAIMN - 1 (Tag here "KALUPDT")
TS = 8 - TH5TIME
If TS € O:
TS = 2
Set TIME5 to cause program interrupt #2 in TS centi-seconds
T5PHASE = -0

Resume

Il

Set TS = TIME5 and TIME5 to cause program interrupt #2 in 0.02 seconds

T5TIME

il

T5TIME + TS

Ir (foou,) + K ) > 0:

m75degs
Set bit 14(STIKFLAG) of FLAGWRD1 = 1
If HOLDFLAG < O:
HOIDFLAG = +0
If WHICHDAP = O: (Tag here "OKGIMB!")
If bit 15 of RCSFIAGS = 1:

ATTKAIMN = -1

]
(@

If bit 15 of RCSFLAGS
ATTKAIMN = O
If WHICHDAP = 1:

ATTKAIMN = -4
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Set bits 10-5 of RCSFLAGS = O (initialize forced firing bits)
TS = channel 31 (bits 6-1 are RHC command complements)

TSl = bits 6-1 of( CH31TEMP ) (- TS) + (- CH31TEMP)N Ts)
(gives ones in bits whose TS values # CH31TEMP)

If TS, # 0:
CH31TEMP = TS
RCSFLAGS = RCSFLAGS + 2% TS (puts TS, into bits 10-5)

1 1
Set bits 13-11 of RCSFLAGS = 1 (rate damping)

If WHICHDAP = 1:
INHIBIT = -0

TS = bits 6-1 of (- CH31TEMP) (Tag here '"NOCHANGE"; get binary 1 for
logic 1, i.e. binary O, in input)

If T8 = Oy
Proceed to "AHFNOROT" (no RHC inputs)

HOLDFLAG = TS

Perform "STICKCHK"

Set bit 14(STIKFLAG) of FLAGWRD1 = 1

TS = chamnel 31

If bits 14-13 of C31FLWRD # 00,
TS = C31FIWRD

If bit 14(Free Mode complement) of TS = O:
Proceed to "FREEFUNC"

If bit 14 of RCSFLAGS = 1:
Set TIME5 to cause program interrupt #2 in 0.2 second
T5PHASE = 16364 (i.e. positive non-zero)
Resume

If RATEINDX - 5 3 O: (note that RATEINDX not meaningful

for docked DAP)
ATTKAIMN = -1
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Perform the following for i = 2,1,0 (j =Y, P, R respectively):
If jMANNDX = O:
WBODY, = O
1
If 3JMANNDX # O:
If WHICHDAP = O:
TS = jMANNDX + RATEINDX - 1
WBODY, = K
1. mantabTS
If WHICHDAP = 1:
If JMANNDX = Ol,: (plus command) (Tag here '"GETDKRAT'")
WBODY, = DKRATE

If jMANNDX = 10,: (minus command)

2
WBODY, = - DKRATE
If bits 13-11 of RCSFIAGS = 0: (damping done)
If WHICHDAP = O:

MERROR. = MERROR. - K
i i mantabTS

If WHICHDAP = 1:
If JMANNDX = Ol,:
MERROR, = MERROR, - DKRATE
If JMANNDX = 10,:
MERROR, = MERROR, + DKRATE
If bits 13-11 of RCSFLAGS # O:
MERRCR, = O

ERROR. = MERROR,
i i
Sp

Proceed to "JETS"

FREEFUNC
TS, = (RCSFLAGS shifted right 4 places) (changed bits back to 6-1)
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TS = T8, NN (- CH31TEMP) (bits are 1 for 19 O transition)
If WHICHDAP = O:
Proceed to "RHCMINP"
TS = (bits 6-1 of TS) (Tag here "DKRHCIMP")
Perform "STICKCHK"

TAI,, = K
0 = “200mstboyy e 1

Tl = K2OOmst6PMANNDX_l

TAUZ = TAUl

TAU, = K |
2 200mstbyyypy -1

Il

TAUY = - TAU

g
ERROR = O

If WHICHX2 = O: (should not be)

It

Il

T5L0C = "JETSLECT"

If WHICHX2

Il

2

Il

T5L0C = "DKJSLECT"
Resume
AHFNOROT
TS = channel 31
If bits 14-13 of C31FLWRD # 00,
TS = C31FIWRD

If bit 14(Free Mode complement) of TS = O:

HOLDFLAG = 1 (Tag here "FREECONT')
TS1 = channel 32 (bits 6-1 are minimum impulse command complements)
TS = CHANTEMP ) (- TSl) (bits are 1 for 1-» O transitions)

CHANTEMP = TSl

Proceed to "RHCMINP"
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If bit 14 of RCSFLAGS = 1:
Set TIME5 to cause program interrupt #2 in 0.2 seconds
T5PHASE = 16364 (i.e. positive non-zero)
Resume
TS = channel 31
If bits 14-13 of C31FLWRD # 002:
TS = C31FLWRD
If bit 13(Hold Mode complement) of TS = O:
If HOLDFLAG # +0: (Tag here "HOLDFUNC")
WBODY = O
BIAS = O
If bits 13-11 of RCSFLAGS # O:
ERROR = O
Proceed to "JETS"
HOLDFIAG = +0
THETADX = CDU
If bit 13(Hold Mode complement) of TS = 1: (since bit 14 =1,
this means Auto)
If HOLDFIAG » O:
WBODY = O
BIAS = O
If bits 13-11 of RCSFLAGS # O:
ERROR = O
Proceed to "JETS"
HOLDFILAG = +0
THETADX = CDU

1

T32 = CDUZ - THETADZ (ones comp. difference formed)

ERRCR, = (CDUx - THETADX) + AMGBL TS, (ones comp. difference)

8. = CDUy - THETADY (ones comp. difference formed) (Tag here "ATTHOLD")
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ERROR:L

ERROR2

I

AMGBL4 TSl + AMGB5 T82

Il

AMGB7 TS, + AMGB8 TS,
If HOLDFLAG <O:
ERROR = ERROR + BIAS
Proceed to "JETS"
RHCMINP
TS = (bits 6-1 of TS)
If WHICHDAP = O:

Perform "STICKCHK"

TAU. =K .

O “mintaupy,ypx
TAU. =K .

1 mlntauPMANNDX
TAU, =K

2 mintaug iy
If WHICHDAP = 1:

If TS # O: (Tag here "DKMICIMP")
INHIBIT = -0

Perform "STICKCHK"

TAU = K
0 "50mstOpuNDx-1
TAU, =K
1 "50mstbpyNpx -1
TAUZ = TAU,
TAU, = K
2 "50mstbypNpx -1
TAUY = - TAU,
ERRCR = O
Tf WHICHX2 = O:
T5L0C = "JETSLECT"
If WHICHX2 = 2:

T5LOC = "DKJSLECT"

Resume
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JETS

TS, = ADB + K Flat oo
i=2
Proceed to "JLOOP"
JLOOP
EDOT = ADOT,
If HOLDFLAG # O:
EDOT = EDOT - WBODY,
AERR = ERROR,
ADBVEL = TS, sgn EDOT (-0 is negative)

AERRVEL = AERR sgn EDOT (-O is negative)

If (AERRVEL - ADB + C ) & O (Tag here '"Jb6.")
fenorl wlhdslopymronpap
If (lEpoTl -K ) > 0: (Tag here "J8")
wibymromx2
T8 = K sgn EDOT - EDOT  (Tag here "J22")
WlHTCHK 2
Proceed to "JTIME"
If (JEDOT|/ SLOPE + TS, + AERRVEL) ) O:  (Tag here "NJ22")
Proceed to ''"J23"
1r (|\EDOT| - K ) > O
wlmhy T oHy 2
Proceed to "J23"
If (AERRVEL + TS, + C ) L 0O (Tag here '"NJ23')
1 wlmhds1p, e aunap )
TS = K sgn EDOT - EDOT (Tag here ''J22"
WlHTCHK2
Proceed to "JTIME"
TS = - EDOT -G (AERR + ADBVEL) (Tag here '"J24")
510Pe2y T GHDAP |

Proceed to "JTIME"
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If (AERRVEL - T5,)§ O:
If (ADB - ABRRVEL - |EDOT|/ SLOPE )< O:
TS = ~ FEXT (Tag here "J18")
Proceed to "JTIME"
If WHICHDAP = O:
Proceed to "J23"
If (JEDOT|/ SLOPE + AERRVEL + T5,) < 0: (Tag here "NEWCHECK")

TS = - EDOT - C (AERR + ADBVEL) (Tag here '"J24")
S10Pe 2y HTCHDAP

Proceed to "JTIME"
Proceed to "J23"

If (AERRVEL - TS, - ) £ 0 (Tag here "J7")

1 CWlmhdSlpWHICHDAP

T8 =0 (ADBVEL - AERR) - EDOT (Tag here "J20")
s1ope2yTcHDAP

Proceed to "JTIME"

TS = - KWIWHICHXZ sgn EDOT - EDOT (Tag here 'J21'")
Proceed to "JTIME"
J23 (Entered if conclude in deadzone)
j=13 -1
Set bit j of RCSFLAGS = O (reset rate damping bit)
If 1 = 28
TS = 00300, (bits 8-7, yaw command)
If i = 1:
T8 = oooéo8 (bits 6-5, pitch command)
If i = 0:
TS = 014004 (bits 10-9, roll command)
If RCSFLAGS f) TS # O: (i.e. forced firing from RHC)
TS = - EDOT

Proceed to "JTIME"
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If WHICHDAP = 1: (Tag here "CHECKDAP")
TS2 =0
TAU, =0
i 14
Proceed to 5th line of "JTIME"
JTIME
TS, = JdM, TS (B24 docked, B20 docked)
If WHICHDAP = O:
Shift TS, right J places (gives scaling of B24 cs)

5, with magnitude limited < 2lo centi-seconds

TAU, = TS
s
If 41i)» O:

If WHICHDAP = 1:

TS=41i-1
TAUZy = G TS,, with magnitude limited < 210 ¢s
Ppg (for TS = 1, load TAUY)
i=41-1
Proceed to "JLOOP"
If WHICHX2 = O:
T5L0C = "JETSLECT"
If WHICHK2 = 2:
T5L0C = "DKJSLECT"
Resume
JETSLECT Entered for undocked (to OWS) DAP

- TS = 6 - T5TIME
If TS € 0:
S =2
Set TIME5 to cause program interrupt #2 in TS cénti—seconds
TIME6 = thms (hence Jets desired for ~86-100 ms on for 100 ms)
Perform '"C13STALL"

Set bit 15(TIME6 Count Enable) of channel 13 = 1
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TS
T

= bits 12-7 of - (channel 31)

Is = O

XNDX1

Il
o

XNDX2

I
©

YNDX = O

ZNDX = O

If TS # 0:

L

If

If

If

If

1

XNDX1

XNDX2 = XNDX1

Il

YNDX

ZNDX

il

If bit 14 of DAPDATR1 = O:
ATTKAIMN = -2

If bit 14 of DAPDATR1

I
-

ATTKAIMN = -3
If XTRANS = 1:

XNDX1 = O
If XTRANS = -1:

XNDX2

Il
(@)

TAU, = O:

1
PINDEX = O
TAUl > O:
PINDEX = 1
TAUl < 0:
PINDEX = 2

O

I

RACFATL
TS = K
xtndxynpyg

RACFAIL 3 O:

6 = 9
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bits 8-7 of TS, shifted right 6 places (to bits 2-1)

bits 10-9 of TS, shifted right 8 places (to bits 2-1)

bits 12-11 of TS, shifted right 10 places (to bits 2-1)

(means IM-off)

(means IM-on)



1L

RACFAIL <€ O:

s = 12

TS = TS + PINDEX

PWORD1 = bits 10, 9, and 4-1 of K

NPJETS

LE

If

If

1E

If

If

bits 10-9 of PWORD1l, shifted right 8 places (to bits 2-1)

Il

YINDEX = O
'I'AU2 > 0:
YINDEX = 1
TAU2 € 0:
YINDEX = 2

o

]

RBDFAIL

[ ==
Ig“tnd"xmxz

RBDFAIL 3 O:

e = g

RBDFAIL < 0:

s = 12

TS = TS + YINDEX

YWORD1 = bits 12, 11, and 8-5 of K

pytabTS

NYJETS = bits 12-11 of YWORD1l, shifted right 10 places (to bits 2-1)

LT

it

If

If

TAUO = 0:

RINDEX = O
TAUO S O:

RINDEX = 1
£ 0.

TAUo O:

RINDEX = 2

ACORBD 3 +0, proceed to "BDROLL"
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If RACFAIL = O:
IS = Kepre,
If RACFAILS O:
TS = 9
If RACFAIL <€ O:
TS = 12
TS = TS + RINDEX

RWORD1 = bits 11-5 of KrtabTS

If ZNDX £ O:
NRJETS = (bits 11-9 of RWORD1l, shifted right 8 places) - 2
Proceed to "ROLLTIME"
If RBDFAIL = O:
S =0
If RBDFAIL 3 O:
™S =3
If RBDFAIL <€ O:
TS = 6
TS =TS + K

TSl = RWORD1 + (bits 11-9, 4-1 of KthabTS)

NRJETS = (bits 11-9 of TSl, shifted right 8 places) - 4
If NRJETS # O: (have a net roll torque)
RWORD1 = TS,

Proceed to "ROLLTIME"
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1 TAUO = QO (i.e. no roll requested)

RWORD1 = TSl
Proceed to "ROLLTIME"
NRJETS = (bits 11-9 of RWORD1, shifted right 8 places) - 2
Proceed to "ROLLTIME" (Z-translation ignored in favor of roll)
BDROLL
If RBDFAIL = O:
s = KthdXZNDX
If RBDFAIL & O:
™S=9
If RBDFAIL <O:
s = 12
TS = TS + RINDEX
RWORD1 = bits 14-12 and 4-1 of KrtabTS
If YNDX = O:
NRJETS = (bits 14-12 of RWORD1, shifted right 11 places) - 2
Proceed to "ROLLTIME"
If RACFAIL = O:
IS =0
If RACFAIL > O:
TS = 3

If RACFAIL <O:

S = 6
TS =TS + K
anndXYNDX
TSl = RWORD1 + (bits 14-12, 8-5 of KyztabTS)
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NRJETS = (bits 14-12 of TSl, shifted right 11 places) - L
If NRJETS # O: (have a net roll torque)

RWORD1 = TSl

Proceed to "ROLLTIME"

If TAU, = O: (no roll requested)

RWORD1 = TSl

Proceed to "ROLLTIME"

NRJETS = (bits 14-12 of RWORD1, shifted right 11 places) - 2

Proceed to "ROLLTIME" (Y-translation ignored in favor of roll)
ROLLTIME
If TAUO = 0:
o = fartmyp s

RWORD2 = RWORD1
BLASTO+O = 0
Proceed to "PITCHTIM"

BLASTOHO = K s TAU

Btpygrs  ©
TS = BLASTO+0 + K
mptlsc
If TS > O:
DFT = K
0 “dftmyprprg
TAU, = TAU, - DFT,
BLASTO+O = K 41,
Ir TS < O:

Limit BLASTO+O > K)ms

DFTO NRJETS BLASTO+O

TAUO =0
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If YNDX = O:
RWORD2 = 0O
If ZNDX = 0, proceed to "PITCHTIM"
Proceed to ”ACBDZZ"
If ACORBD & -0:
If |RACFAIL|> O:
RWORD2 = O
If ZNDX = O, proceed to "PITCHTIM"
Proceed to "ACBD2Z"
s = K

xtndeNDX
RWORD2 = bits 11-5 of Krtab

If ZNDX = O, proceed to ”PiiCHTIM”
Proceed to "ACBD2Z"
If RACFAIL = d:
™S =0
If RACFAIL > O:
S = 3

If RACFAIL <O:

TS = 6
TS = TS +
KxnlndeNDX
RWORD2 =

bits 14-12, 8-5 of
4 KyztabTS

(bits 14-12 of RWORD2, shifted right 11 places) - 2

NRJIETS

DFT. = DFT. + NRJETS (Kp BLASTO+0)

0 0 tlsc
If ZNDX = 0, proceed to "PITCHTIM"

Proceed to "ACBD2Z"
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ACBD2Z
If ACORBD > +0:
If |RBDFAII}> O, proceed to "PITCHTIM"

TS = thndeNDX

RWORD2 = RWORD2 + (bits 14-12, 4-1 of K )
rtabTS

Proceed to "PITCHTIM"
If RBDFAIL = O:

TS =0
If RBDFAIL 3 O:

S =3
If RBDFAIL < O:

TS = 6

5 =13 + KxnlndXZNDX

RWORD2 = RWORD2 + (bits 11-9, 4-1 of K )

TS
(bits 14-9 of RWORD2, shifted right 8 places) - 2

i

yztab

NRJETS

DFTO = DFTO

Proceed to "PITCHTIM"

+ NRJETS (Kptlsc - BLASTO+O0)

PITCHTIM
If TAUl = 03
DFTl = 0
PWORD2 = PWORD1
BLAST1+0 = O
Proceed to "YAWTIME"
If TAU1_< 0:

NPJETS = = NPJETS
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BLASTI+0 = K .. TAU;
JUNPIETS

TS = BLASTIHO + Ky pqg0
If TS D O:

DFT. = K
L dftmen e
TAU; = TAU; - DFT,

BLAST1+O = Kptlsc

If TS &£ 0

Limit BLASTIHO Y Ky

DFTl = NPJETS BLASTI1+O

TAUl = 0

TS =0
If RACFAIL = O:

TS = K
xtndxp iy

PWORD2 = bits 10, 9, and 4-1 of K (is O for TS = 0)

pytabpg
Proceed to "YAWTIME™"

YAWTIME
T TAU2 = 0:
DFT2 =0
YWORD2 = YWORD1
BLAST2+0 = 0O
Proceed to "TGSETUP!
ik TAU2 < 0:
NYJETS = - NYJETS
BLAST2+0 = Knjt TAU2

. NYJETS
TS = BLAST2H0 + Ky y 16,
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If TS D> O:

DFT. = K
2 dftmyysmrs

TAU TAU2 - DFT2

2

BLAST2+0 = Kptlsc

If Ts £ O:
Limit BLAST2+0 % Klluns
DFT, = NYJETS BLAST2+0
TAU, = 0

T8 = [

If RBDFAIL = O:

®e K"tndXXNsz

YWORD2 = bits 12, 11, and 8-5 of K (is O for TS = 0)

pytabpg
Proceed to "T6SETUPH
T6SETUP
BLASTO+1 = O
BLASTI+1 = 4
BLAST2+1 = 11

If BLAST1+O - BLASTO+O £ O0:

Set BLASTO = BLAST1 and BLAST1 = BLASTO
If BLAST2+0 - BLASTI+OS O:
Set BLAST1 = BLAST2 and BLAST2 = BLAST1

If BLAST1+0 - BLASTO+O € O:
Set BLASTO = BLASTI1 and BLAST1 = BLASTO

(now ordered BLASTO+0 < BLAST140 ¢
BLAST2+0 - BLASTI4O BLAST2+0)

Il

BLAST2+0

BLAST1+0 - BLASTO+O

I

BLAST1+0
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T5LOC = "RCSATT"
Set bit 1 of RCSFLAGS = O
T5PHASE = -0
Resume
T6START
If |TIME6| > O, Resume
If WHICHDAP = 1:
Proceed to "DKT6"
If bit 1 of RCSFLAGS = O:
Set bit 1 of RCSFLAGS = 1
Channel 6 = bits 8-1 of RWORD1
Channel 5 = bits 8-1 of (PWORD1 + YWORD1)
If BLASTO+O > O:
TIME6 = BLASTO+O
BLASTO+O = O
Perform '"C13STALL"
Set bit 15(TIME6 count enable) of channel 13 = 1
Resume
If BLASTO+O = O:
TS = BLASTO+1
Perform '"REPLACE"
BLASTO+O = - 1/16
If BLAST1+0 » O:
TIME6 = BLAST1+0
BLAST1+0 = O
Perform '"C13STALL"
Set bit 15(TIME6 count enable) of channel 13 = 1

Resume
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If BLASTI+O = O:
TS = BLAST1+1
Perform "REPLACE"
BLAST1+0 = -1/16
If BLAST2+0 > O:
TIME6 = BLAST2+0

BLAST2+0 = O
Perform "C13STALL"

Set bit 15 (TIMEé count enable) of channel 13 = 1

Resume
If BLAST2+0 = O:
TS = BLAST2+1

Perform "REPLACE"

BLAST2+0 = =1/16
Resume
REPLACE
If TS = O: (roll information)
Channel 6 = bits 8-1 of RWORD2
Return
If TS = 4 (pitch information)
TSl = bits 8-5 of channel 5
Channel 5 = bits 8-1 of (Tsl + PWORDZ2)
Return
If TS = 11:

(yaw information)

TSl = bits 4=1 of channel 5

Channel 5 = bits 8-1 of (Tsl + YWORDZ2)

Return
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Quantities in Computations

See also list of major variables and list of routines

5AXW, 5BXW, 5PT, 5PW, 5WORD, 5YWT, 5YWW: See Digital Autopilot Docked
Jet Selection.

61PT, 61PW, 61YWT, 61YWW, 62PT, 62PW, 62YWT, 62YWW, 6WORD: See Digital
Autopilot Docked Jet Selection.

ACORBD: See Digital Autopilot Interface Routines.
ADB: See Digital Autopilot Interface Routines.

ADBVEL: Single precision value of (ADB + Koot ) sgn EDOT used in
"JLOOP'", B-1 revolutions. WHICHDAP

ADOT (ADOT., ADOT., ADOT,): Filtered value of roll, pitch, and yaw body-

b )
angle rates %about %control axes'), scale factor B-3, units
revolutions/deci—second (one deci-second is 0.1 seconds, the iteration
rate of the DAP). The cells are OMEGAB in TVC DAP. Could also be

considered scaled BO in "units" of 450°/second. Displayed by N56.

A¥RR: Single precision value of ERROR, about appropriate axis used in
"JLOOP", scale factor B-1, units revolutions.

AERRVEL: Single precision value of AERR sgn EDOT used in "JLOOP", scale
factor B-1, units revolutions.

AK (AK,, AKq, AK,): See Digital Autopilot Interface Routines.

AMGB1, AMGB4, AMGB5, AMGB7, AMGB8: Single precision matrix elements
which are used by the DAP to transform information from gimbal
to control axes, scale factor BO, computed once per second
by "AMBGUPDT". The matrix from gimbal to control axes may
be written as:

1 AMGB1 0
0 AMGBL AMGB5
0 AMGBY7 AMGB8

In order to '"account for the roll displacements of the reaction
jets with respect to navigation base coordinates'", the outer
gimbal angle (CDU,) used to compute the matrix elements is

decremented by Kquadan’ thus giving the "control axes" result. .

ANGREF: Value of reference angle (THETAD or CPHIX) used in "KMATRIX"

to compute display information of total attitude error (if
required), scale factor B-1, units revolutions.
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ATTKAIMN: Single precision quantity, scale factor Bli, used to select
appropriate gains in '"RCSATT". To initialize the filter, the cell is
set to 11 (decremented to 10 before used) in "REDAP", and decremented
in "T5PHASE2" (with subsequent performance of further computations,
including jet firings, bypassed until ATTKAIMN = O). A value of O
is the normal undocked steady-state filter gain value; a setting of -1
is used for high-rate (RATEINDX = 6) automatic maneuvers (set in
"T5PHASE2" if bit 15 of RCSFLAGS = 1 and undocked or if RHC with
RATEINDX = 6); a setting of -2 is used (set in "JETSLECT") if IM-off
translation hand controller inputs are provided; a setting of -3 is
used if IM-on translation inputs are provided; a setting of -4 is
used for normal docked (to OWS) steady-state filter gains; and a
setting of -5 is set in "BURBLE'" for X translation inputs in docked
DAP, ,

ATTSEC: Single precision quantity, scale factor Blh, initialized to O in
"REDAP" and used in "KMATRIX" to cause "AMBGUPDT'" to be established
once a second (every tenth entrance to NKMATRIX").

BIAS (BIASO, BIAS, , BIASZ): Set of single precision angles, scale factor

B-1, units revolutions, added to attitude errors to provide additional

lead and prevent overshoot when starting/stopping automatic maneuvers.
They are added to ERRCR (used as the attitude error in "JLOOP") if
HOLDFLAG is negative, and the values are computed in "LOCSKIRT" and
"MANUSTOP" (where set 0). Except for R60 maneuvers, value normally O.

BLASTO, BLAST1, BLAST2: Set of 3 quantities handled double precision, used
for RCS jet burn time control. Before "T6SETUP" is entered, BLASTO
is associated with roll, BLAST1 with pitch, and BIAST2 with yaw. The
most significant halves of each word have required firing time for
RWORD1, PWORD1l, and YWORD1l respectively, scale factor B10O, units
centi-seconds. The least significant halves contain an index which
identifies the axis in the most significant half (set at start of
"T6SETUP" to O, 4, and 11 respectively for convenience in the coding).
Cells subsequently arranged in order of increasing time durations,
then replaced with time intervals. In "T6START", most significant
half set +0 if associated time in TIME6, and -1 (Blk, i.e. -1/16 B1O)
after the expiration of that interval.

C , C : See Digital Autopilot Docked Jet Selection.
ecpy’ ecpy

Jdind cled? demldckd’ dem2dckd: Single precision erasable memory constants,
program notations '"J/MDCKD", "J/MIDCKD", and "J/M2DCKD" respectively,
used in "REDAP" to initialize JdM. Scale factor is B27, units

of (revolutions/(deci-second centi-second))™L (see JdM). They are
the reciprocal of average roll, pitch, and yaw acceleration of a

jet couple respectively, and are employed only in docked (to OWS) DAP.

C
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Ckmjdckd’ Ckmjldckd’ Ckmj2dckd: Single precision erasable memory constants,

program notations '"KMJDCKD'", "KMJ1DCKD'", and "KMJ2DCKD'" respectively,
used in "REDAP" to initialize KMJ. Scale factor is B-13, units of
(revolutions/(deci-second centi-second)) (see KMJ). They correspond
to the one-jet average roll, pitch, and yaw acceleration respectively,
and are employed only in docked (to OWS) DAP.

CSlo R Single precision erasable memory constant, program notation
Pe<q "SLOPER", scale factor B-2, units (revolutions/deci-second)/
revolution, used for undocked DAP phase plane computations.

CSlo 60 " Single precision erasable memory constant, program notation
Pe<)  nSLOPE2 +1", scale factor B-2, units (revolutions/deci-second)/
revolution, used for docked DAP phase plane computations.

Single precision erasable memory constant, program notation
"WLH/SLOP", scale factor B-1, units revolutions, used in
undocked DAP phase plane computations (nominally is sum of rate limit
and half-width, divided by SLOPE, hence the notation).

Cwlhdslopo‘

C 1hdsloo. Single precision erasable memory constant, program notation
w P1  WWLH/SLOP +1", scale factor B-1, units revolutions, used in
docked DAP phase plane computations.

C T Single precision erasable memory constant, program notation
® S*Po  "WL-H/SLP", scale factor B-1, units revolutions, used in
undocked DAP phase plane computations (nominally is rate limit minus
half-width, divided by SLOPE, hence the notation).

Cwlmhdsl : Single precision erasable memory constant, program notation
Py "WL-H/SLP +1", scale factor B-1, units revolutions, used in
docked DAP phase plane computations.

C31FLWRD: Single precision flagword used for backup of bits 15-13 of channel
31 (by bits 15-13, i.e. digit "A") and bits 5-4 of channel 33 (by bits
5-4, i.e. digit "D"). It can be loaded by NOl means (address 0373,).
For digit A, a value of O (or 4) means should use bits 15-13 of channel
31; values of 1-3 mean G&N Control (Free, Attitude Hold, and Auto
respectively); values of 5-7 mean SCS Control. For digit D, a value
of O means use bits 5-4 of channel 33; of 1-3 mean optics CMC, Zero,
and Manual respectively (values of 4-7 mean the same as 0-3 respectively).
Should be pad-loaded to zero; digits B, C, and E ("ABCDE") are ignored.

CDUXD: See Attitude Maneuvers (used in "KMATRIX" to update THETADX if
HOLDFLAG is negative).

CH31TEMP: Single precision cell used in "T5PHASE2" to contain the previous
value of channel 31 inputs (bits 6-1 are rotational hand controller
inputs) if bits 6-1 change, in order to detect binary 1 - O transitions
(logic O to 1) for RHC control purposes: binary O ~>»1 are also
detected, of course. It is initialized to 77777, by "REDAP",

Can be set to cause ''forced firings' for docked DAP (e.g. in
"NEWANGL'', "STOPRATE'", and'"CRS61.2A").
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CHANTEMP: Single precision octal cell used in Free Mode (at the start of
"AHFNOROT") to retain previous value of channel 32 input (cf. CH31TEMP),
for use in providing minimum impulse control. It is initialized to
777778 in "REDAP".

CPHIX: Set of reference angles for attitude error (AK) display, scale
factor B-1, units revolutions. They can be loaded by N17, or set to
present CDU values by verb 60. Input of a verb 63 causes them to
be used to compute AK. They are single precision.

DAPZRUPT: See Digital Autopilot Docked Jet Selection.

DELCDU: See Attitude Maneuvers (used in "KMATRIX" to increment CDUXD
values if HOLDFLAG negative).

DELTEMP: Value (computed double precision) of CDU angle change, converted
to body rates, computed in "RCSATT"., Scale factor is B-1, units
revolutions/deci-second.

DFT (DFTO, DFTl, DFT2): Single precision equivalent times, scale factor

Bl10O, units centi-seconds, giving the equivalent single-jet burning
time computed for roll, pitch, and yaw axes respectively, used in
the "RCSATT" rate filter to update body-angle rates.

DKDB: Single precision value of deadband to be used for docked DAP, scale
factor B-1, units revolutions. It can be loaded via R2 of N89, and
is also expected to form part of the prelaunch load.

DKRATE: Single precision value of maneuver rate (for R60 and RHC purposes)
for docked DAP, scale factor B-9, units revolutions/deci-second. It
can be loaded via Rl of N89, and is also expected to form part of
the prelaunch load.

DRHO (DRHOO, DRHOl, DRHOZ): Value of body rate used as input to ADOT
filter, scale factor B-1, units revolutions/deci-second, computed
in "RCSATT" as the difference between measured (from CDU data) and

ADOT body rates, plus a weighted estimate of previous DRHO.

EDOT: Value of attitude rate error used in "JLOOP", scale factor B-3,
units revolutions/deci-second (set to ADOT,, decremented by WBODYi
if HOLDFLAG # 0). Its absolute value is s%ored in EDOTVEL cell.

ERROR (ERRORO, ERRORl, ERRORZ): Single precision value of attitude error

for automatic maneuvers or attitude hold (computed in "AHFNOROT"),

or RHC maneuvers (loaded with MERROR in "T5PHASE2"), used to load

AERR at the start of "JLOOP". Scale factor is B-1l, units are
revolutions. Set O if free mode inputs are made, and can be

loaded into AK (- ERROR) if bit 9(NEEDLFIG) of FLAGWRDO = O (e.g. V61).

HOLDFLAG: See Digital Autopilot Interface Routines.
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IMODES33: See IMU Computations.

INHIBIT: See Digital Autopilot Docked Jet Selection.

JaM (JdMm,, JdMl, JdMé): See Digital Autopilot Interface Routines.

K : Single precision constant, program notation '"=14MS'", scale factor

Litns B10O, units centi-seconds. Value is 23 x 2‘lh, corresponding to
about 14.4 milliseconds.

K2OOmstéi: See Digital Autopilot Docked Jet Selection.
K50mst6 (1 = -1 to 2): Set of single precision constants, program
i notation (i = 0) "50MSTé'", scale factor BlO, units centi-seconds.
Valves for i = -1 and i = 2 are zero. EEB i=0, value is 80 x 2~

(corresponding to 5 x 2b x 214 = 5 X 2 , where first term is value
in centi-seconds and second is scale factor). For i = 1, value is
-80 x 2-14 (corresponding to - 5 centi-seconds).

Kbt9: Single precision constant, program notation "BIT9", scale factor BlO,
units centi-seconds. Value is OOAOO8, corresponding to 16 centi-

seconds.
detm : Set of single precision constants, program notation "DFTMAX'",
i scale factor BlO, units centi-seconds. Values are:
all Value True Value
-3 -480 x 2:%2 -0.3 seconds
-2 -320 x 2__11+ -0.2 seconds
-1 -160 x 2 -0.1 seconds
0 0 T 0.0 seconds
1 160 x 2-1h 0.1 seconds
2 320 x 2—14 0.2 seconds
3 480 x 2 0.3 seconds
Kflat : Single precision constant, program notation "FLAT'", scale factor

O B-1, units revolutions, used to specify '"flat region" in "JLOOP"
(the offset of the dead-zone line when the rate error changes polarity).
Value is L4 x 27 h, corresponding to about 0.044°.

Kflat : Single precision constant, program notation "FLAT +1", scale factor
"1 B-1, units revolutions (see K ). Value is 4 x 2714, or about
3 flat
0.044™. 0
K : Set of single precision constants, program notation (i = 0) "GAIN1",

gnli scale factor BO, used in "RCSATT" to obtain a new value of DRHO

(from samples taken 10 times/second). The value of the index is
given by the contents of ATTKAIMN. In the table below, the "True
Value" obtained by converting the octal memory information to decimal.
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Value True Value

I

10 0.9342 0.93420
9 0.8151 0.81512
8 0.6933 0.69330
7 0.5970 0.59698
6 0.5223 0.52228
5 0.4634 0.46338
b 0.4161 0.41608
3 0.3774 0.37738
2 0.3452 0.34521
1 0.3180 0.31799
0 0.0640 0.06403

-1 0.2112 0.21118

-2 0.8400 0.84003

-3 0.2112 0.21118

o 0.06L40 0.06403

-5 0.0640 0.06403

Kgn2 : Set of single precision constants, program notation (i = 0) "GAIN2",

i scale factor BO, used in "RCSATT" to obtain a new value of ADOT
(from DRHO information acquired 10 times/second). The value of the
index is given by the contents of ATTKAIMN. In the table below, the
"True Value" obtained by converting the octal memory information to

decimal.,

i Value True Value

10 0.8683 0.86829

9 0.4817 0.48169

8 0.2955 0.29547

7 0.1985 0.19849

6 0.1422 0.14221

5 0.1069 0.10687

L 0.0832 0.08319

3 0.0666 0.06659

2 0.0545 0.05450

1 0.045L 0.04541

0 0.0016 0.00159

-1 0.0174 0.01740

-2 0.3600 0.35999
-3 0.0174 0.01740
-l 0.0016 0.00159

-5 0.0016 0.00159

K 4 : Single precision constant, program notation '"-75DEGS", scale
m75de88 4 ctor B-1, units revolutions. Nominal value is -0.41666,

corresponding to approximately -75°. Octal value is 6252L,, which
corresponds (after a one-bit correction reflecting formation of the
absolute value, but ignoring twos complement) to - l525h8, or about
~75.015°.
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Kmant b (i = 0-7): Set of single precision constants, program notation
803 (i = 0) "MANTABLE", scale factor B-9, units revolutions/deci-
second. The single precision constants are shifted right (double
precision) by 6 places for loading into WBODY and by 8 places for
decrementing MERROR in "T5PHASE2". The nominal value times 3600/512
gives the value in degrees/second in the table below.

. Value Corresponds to
0  0.0071111 o.osg/sec
1 -0.0071111 -0.05"/sec
2 0.028L444 0.20/sec
3 -0.02844L —O.ZOo/sec
L 0.071111 O.SOo/sec
5 -0.071111 -0.50"/sec
6 0.28L44 2.00%/sec
7 =0.28L4L4 -2.00%/sec
Kmintau : Set of single precision constants, program notation (i = 0)
i "MINTAU", scale factor B1O, units centi-seconds. Values for

i=0and i =3 are zero; for i = 1, value is 23 x 2~14 (about 14.4
milliseconds), and for i = 2, value is =23 x 2~ 4 (about =14.4 ms).

Km $lse Single precision constant, program notation '"=-,1SEC'", scale
P factor B10, units centi-secords. Value is -160 x 2'1A,
corresponding to -O.1 second.
Knjt : Set of single precision constants, program notation (i = 0) "NJET",

i scale factor BO, used to correct jet burn times (which are derived
based on one-jet operation) for the number of jets actually to be
used, and also to compensate for polarity of TAU (negative for
negative jets). Values are:

i Value
-3 -0,333333

-2 =0.5

-1 =0.999999

0 0.0

1 0.999999

2 0.5

3 0.333333

Koct2h0: Single precision constant, program notation "OCT240", scale factor

B1O, units centi-seconds. Value is 002A08, corresponding to ten
centi-seconds.

K 2l : Single precision constant, program notation "=,24", scale factor B-2,
P%  value 0.24. Used in "REDAP" as initial condition for SLOPE for
undocked DAP. Value corresponds to (-1) x -0.6 x 0.1 x 2, where
first term is an equation factor, second is slope of attitude rate error
limit line vs. attitude error (in units of rev/sec per rev), third
converts to deci-seconds, and fourth is scale factor.
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K ), ° Single precision constant, program notation "=.24 +1", scale factor
p hl B-2, value 0.12. Used in "REDAP" as initial condition f05 SLOPE
for docked DAP, Value corresponds to (-1) x -0.3 x 0,1 x 2°, where

terms have same significance as for K "
P2l

K et Single precision constant, program notation ”=+.1§E2“, scale
P factor B1l0, units centi-seconds. Value is 160 x 2 %, corres-
ponding to 0.1 second.

K ab. Single precision set of octal constants, program notation "PYTABLE",
pyt i giving information on pitch and yaw jets selected, together with
the number of jets used for the function. See information below.

K rom Single precision constant, program notation "QUADANGL'", scale
QAdan £gotor B-1, units revolutions, used to account for the roll
displacements of the reaction jets with respect to navigation base
coordinates. Value is 660 x 2’14, corresponding to about 7.251°.

Krtab : Single precision set of octal constants, program notation (i = 0)
i '"RTABLE", giving information on roll jets selected (for AC or BD
quads), together with number of roll jets (with polarity). See
information below.

le : Constant, program notation "WL", scale factor B-3, units revolutions/
O deci-second, used for undocked DAP, Value is 0.0008888888, corresponding
to about O.Ao/second (nominal rate limit).

le : Constant, program notation '"WL +2", scale factor B-3, units revolutions/
2 deci-second, used for docked DAP., Value is 0.0002222222, corresponding
to about 0.1°/second (nominal rate limit).

leh : Constant, program notation "WLH", scale factor B-3, units revolutions/
O deci-second, used for undocked DAP. Value is 0.0011111111,
corresponding to about 0.5°/second (nominal rate limit plus half-width
of 0.1°/second).

K 1h Constant, program notation "WLH +2'", scale factor B-3, units
W5 revolutions/deci-second, used for docked DAP. Value is 0.0003333333,
corresponding to about O.lEo/second (nominal rate limit plus half-width
of 0.05°/second).

K Tmh ¢ Constant, program notation "WLMH", scale factor B-3, units
WO revolutions/deci-second, used for undocked DAP. Value is 0.0006666666,
corresponding to about O.3°/second (nominal rate limit minus half-width
of 0.1°/second).

lemh : Constant, program notation "WLMH +2", scale factor B-3, units
2 revolutions/deci-second, used for docked DAP. Value is 0.0001111111,
corresponding to about 0.05°/second (nominal rate limit minus half-width
of 0.05°/second).

DPRC-34



:Set of single precision constants, program notation "XLNINDX",
xnlndxiscale factor Bl,, used to provide index information from
input data on control configuration. Value is equal to 1 for
i=0, 1, and 2, and is equal to zero for i = 3.

K

Ketndx.: Set of single precision constants, program notation "XLNNDX'",
1 scale factor Bl,, used to provide index information for
combining translation and rotation commands. Value is equal to
(3 1) for i = 0, 1, and 2, and is equal to zero for i = 3.

K : Set of single precision constants, program notation "YZTABLE",
FELaly giving information permitting the combination of Y or Z
translations with roll, as well as number of jets giving a

"net roll torque". See information below.

KMJ (KMJj, KMJq , KMJZ): See Digital Autopilot Interface Routines.

MERROR: Value of integrated rate error used with RHC ('"manual') control,
scale factor B-1, units revolutions, computed in double precision
(a single precision version is loaded into ERROR in "T5PHASER' if
manual RHC inputs are provided). The cells are initialized to O
in "REDAP" and are also set O in "T5PHASER'" if bits 13-11 of
RCSFLAGS are not all O (i.e. damping not done); they are updated
in "RCSATT" by the measured (from CDU first differences) attitude
rate, from which is subtracted desired rate (if damping done)
in "TS5PHASER',

NEXT6INT: See Digital Autopilot Docked Jet Selection.

NPJETS: Single precision value of number of pitch jets to be fired,
scale factor Blh. Sign of TAUl added in "PITCHTIM",

NRJETS: Single precision value of number of roll jets to be fired
(with sign indicating polarity), scale factor BlL.

NYJETS: Single precision value of number of yaw jets to be fired,
scale factor Blh. Sign of TAU; added in "YAWTIME".

PINDEX: Single precision index parameter, scale factor Bl,, indicating
the polarity of the pitch command desired: O if none, 1 if plus
pitch, and 2 if minus pitch.

PMANNDX: See Digital Autopilot Interface Routines.

PWORD1, PWORDZ2: Single precision cells containing in bits 8-1 the
pitch—command bits to be loaded in channel 5 when "T6START! is
entered and after the pitch time duration has expired, respectively.
The pitch time duration originally is in BLASTI1HO.

RACFAIL: See Digital Autopilot Interface Routines.

RATEINDX: See Digital Autopilot Interface Routines.

RBDFAIL: See Digital Autopilot Interface Routines.

RCSFLAGS: See Digital Autopilot Interface Routines.
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RHO (RHOO, RHO, , RHOz): Value of previous CDU information (initialized
in "REDAP'") used to compute input to attitude rate filter in
"RCSATT", scale factor B-1l, units revolutions in twos complement.

RINDEX: Single precision index parameter, scale factor Bli, indicating
the polarity of the roll command desired: O if none, 1 if plus
roll, and 2 if minus roll.

RMANNDX: See Digital Autopilot Interface Routines.

RWORD1, RWORDZ2: Single precision cells containing in bits 8-1 the
roll-command bits (perhaps combined with Y and/or Z axis
translation) to be loaded into channel 6 when "TASTART" is
entered and after the roll time duration has expired, respectively.
The roll time duration originally is in BLASTOHO.

SLOPE: Single precision cell, scale factor B-2, units (revolutions/
deci-second)/revolution, set to KP24i in "REDAP" and not subsequently
changed. It is a "variable" (i.e. 1n erasable memory) because the
computer hardware divide order is designed to accept operands only
from erasable memory.

T5L0C: See Digital Autopilot Interface Routines.

T5PHASE: Single precision cell, scale factor Blj, used to control the
program branching that takes place when program interrupt #2
transfers to "RCSATT". A positive non-zero value (of any magnitude)
causes the DAP to be initialized; a +0 value causes "T5PHASE2"
to be entered; a negative non-zero value (of any magnitude)
causes a DAP "restart" (some of the initialization, i.e. HOLDFLAG, is
bypassed), as set in "REDORCS"; and a -0 value causes the
computations in "RCSATT" to be continued (to perform the rate
filtering functions if appropriate). The continuation of
"RCSATT" is also known as '"phase 1" of the DAP, since the
normal sequencing of the RCS (undocked) DAP is: (

—— "REDAP"— (60 ms }3{"RCSATT"/ |— < 0 — (20 ms) (14 ms)

NT5PHASE2 " L JL

ATTEALIN = 1 JETSLECT |-y "T6START"
(20 ms) SO
N
ATTKALMN =
TTKALMN - 1 (60 ms) NTLSTART" is
=10 10
i LR UL °I—— (LO ms) 7 ;gteredtto
(phase 1) ':EZ iulgh
( jets~1.
L0 me) sec after
"REDAP",

For docked DAP, "DKJSLECT" replaces '"JETSLECT'".
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T5TIME: Single precision time, scale factor Bli, units centi-seconds,
used to compensate for delays in action on program interrupt #2,
so as to increase the likelihood that the CDU angles for determining
attitude rates will be sampled at uniform O.l-second intervals. It
is initialized in "REDAP" to 4, thus causing "RCSATT'" (phase 1) to be
entered (8 - 4 = L cs) after "T5PHASE2" is entered the first time, i.e.
10 cs after RHO initialized. The nominal contents at other times
should be zero (it is reset to TIME5 after "RCSATT" phase 1 is entered).

T6LOC: See Digital Autopilot Interface Routines.

TAU (TAU,, TAU,,

times to accomplish required rotations in roll, pitch, and yaw
respectively, scale factor BlO, units centi-seconds.

TAU2): Single precision values of desired one-jet burn

TAUY, TAUZ: See Digital Autopilot Docked Jet Selection.

THETADX (THETADX, THETADY, THETADZ): Single precision values, scale factor
B-1, twos complement, units revolutions, of desired CDU angles in DAP,
used to form attitude errors for "JLOOP". These cells should not be
confused with THETAD (components THETADX etc.) of e.g. N22.

TIME5, TIME6: See Digital Autopilot Interface Routines.
TIMEHOLD: See Digital Autopilot Docked Jet Selection.
TRCOMPAC, TRCOMPBD: See Digital Autopilot Docked Jet Selection.

WBODY. (WBODYO, WBODYl, WBODYZ): Values of desired angular rates, scale

factor B-3, units revolutions/deci-second, used to modify the rate
error information in "JLOOP" if HOLDFLAG # O. Cells are set in
"NEWANGL'" and "MANUSTOP" (to O) to desired rates, and in "T5PHASE2"
for RHC inputs. Also set in R61l. Same cells used for OMEGAC in
TVC DAP.

WHICHDAP: Single precision cell, scale factor Blh, set in "REDAP" to O
for undocked DAP and to 1 for docked DAP.

WHICHX2: Single precision cell, scale factor Bll,, set in "REDAP" to O
for undocked DAP and to 2 for docked DAP. It is the least significant
half of WHICHDAP.

XNDX1, XNDX2: Single precision index cells, scale factor Blh, set at the
start of "JETSLECT" to the complement of bits 8-7 (shifted right 6
places) of channel 31, i.e. the X-axis translation hand controller
input. XNDX1 is the "AC Quad" translation index (reset O if XTRANS = 1,
and used in conjunction with 'pitch" information), and XNDX2 is the
"BD Quad" translation index (reset O if XTRANS = -1, and used in
conjunction with "yaw'" information).
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XTRANS: See Digital Autopilot Interface Routines.

YINDEX: Single precision index parameter, scale factor Bli, indicating
the polarity of the yaw command desired: O if none, 1 if plus yaw,
and 2 if minus yaw.

YMANNDX: See Digital Autopilot Interface Routines.

YNDX: Single precision index cell, scale factor Blh, set at the start of
"JETSLECT" to the complement of bits 10-9 (shifted right 8 places)
of channel 31, the Y-axis translation hand controller input.

YWORD1, YWORD2: Single precision cells containing in bits 8-1 the yaw-
command bits to be loaded in channel 5 when "T6START'" is entered
and after the yaw time duration has expired, respectively. The
yaw time duration originally is in BLAST2+O.

ZNDX: Single precision index cell, scale factor Blh, set at the start of

"JETSLECT" to the complement of bits 12-11 (shifted right 10 places)
of channel 31, the Z-axis translation hand controller input.
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Value of Jet Table Data for Undocked DAP

Information on pitch and yaw jets is stored in K _..,., where i
is in the range O - 14. Bits 12-11 give the number 8% yaﬁ Jets used
to perform the rotation, and bits 10-9 give the number of pitch jets
used. Bits 8-5 give the yaw output bits (to be loaded in the corres-
ponding bit positions of channel 5), while bits 4-1 give the pitch
output bits (to be loaded into the corresponding bits of channel 5).
The value of i depends on the failure information (or, if no
failures, the X-translation requested) as well as the rotation
desired.

i=3a +b
a = 0 for no X-translation
= 1 for no failures, +X translation
= 2 for no failures, =X translation
= 3 for A (pitch) or B (yaw) failures
= ), for C (pitch) or D (yaw) failures
b = 0 for no desired rotation (for PWORD2 and YWORDZ2,
= 1 for + desired rotation b =0; a =0 if any
= 2 for - desired rotation failures)
i Xoytab  # of Yaw Yaw Jet #  # of Pitch  Pitch Jet #
O 0000g 0 —— 0 e
1 5125¢ 2 Ts5 2 3,1
2 52524 2 6,8 2 2,4
3 02314 0 6,5 0 2,1
L 2421g 1 5 1 1
5 26108 1 6 1 2
6 01464 0 7,8 0 3,4
7 2504g 1 T L 3
8  2L42g 1 8 1 L
9 0000g 0] - 0 s
10 24214 1 5 1 1
11 24429 1 8 1 L
12 0000 0 -—— 0 e
13 25044 I 7 1 3
1, .26108 1 6 il 2
Jet # Bit Quad Rotation Translation
I 1 C + Pitch +X
2 L A - Pitch +X
3 3 A + Pitch -X
L 2 C - Pitch =X
b 5 D + Yaw +X
6 8 B - Yaw +X
7 7 B + Yaw =X
8 6 D - Yaw -X
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Information on roll jets (for rotation combined with translation)

is stored in K,tgp., where i is in the range O - 14.

Bits 14-12

give the number of'roll jets for using Quads B/D, while bits 11-9 give
the number for using Quads A/C (the number in both cases is given by
the value of the bits - 2, thus providing sign information). Bits

8-5 give the Quad A/C output (to be loaded into the corresponding

bit positions of channel 6), while bits 4-1 give the Quad B/D output
(likewise to be loaded into the corresponding bit positions of channel

6). The value of i is defined as for K

, except that Y

translation is associated with Quad A/C g%gagﬁe Z translation with
Quad B/D.

i Srtab # or aA/c  A/C Jet # # of B/D B/D Jet #
0 110004 0 . 0 _—

1 22125g 2 15,13 2 11,9

2 002525 -2 1,16 -2 10,12

3 112313 O 1,13 0 10,9
L1542l 1 13 1 9

5 046108 -1 14 -1 10

6 1ll46g O 15,16 0 11,12

7 l550h8 1 15 1 L

8 Ohhh28 -1 16 -1 12

9 110008 0] —— 0 ——
10 155048 1 15 1 11
11 OA6108 -1 14 -1 10
12 110003 O e 0 S
13 15421g 1 13 1 9
14 Ohhh28 -1 16 -1 12

The information in Kyztab. is in the same format as Krtab’ except

that i =3 ¢ +d, where c¢ = 0 for no failures; ¢ = 1 for A or B
failures; and ¢ = 2 for C or D failures. The quantity d = O for no
translation; d = 1 for + translation; and d = 2 for - translation.

i Kygtab # of A/C  A/C Jet # # of B/D  B/D Jet #
0 110003 O - 0 —_—

1 11231 O 1,13 0 10,9

2 111465 O 15,16 0 11,12

3 110004 O s 0 s

L 04610g -1 14, = 10

5 15504 1 15 1 11

6 110004 O - 0 -~

7 154215 1 13 ) 9

8 Ou4h2g -1 16 #l 18

The "# of A/C" and "# of B/D" information is used to check that the
resulting roll torque on the vehicle is not forced to be zero when the
desired roll rotation is non-zero. The information permits the
Quad not used for roll rotation to be used to satisfy translation
commands .
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The following roll-jet assignments are made (channel 6):

Jet # Bit Quad Rotation Translation
9 Ji B + Roll +7Z
10 L D - Roll +7Z
11 3 D + Roll -7
12 2 B - Roll -7
13 5 A 4+ Roll +Y
14 8 ¢ - Roll +Y
15 4 C + Roll -Y
16 6 A - Roll -Y
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Digital Autopilot TVC Routines*

TVCDAPON Entered about 0.41 seconds after "IGNITION" or if
restart (from "CMDSOUT" for TVCPHASE = -1)
TTMP] = O
YDELOFF = O
PDELOFF = O
DELYBAR = O
DELPBAR = 0
YERRB = O
PERRB = O
TVCDUMMY = O (not used)
TEMREG = O
ROLLWORD = O
ROLLFIRE = O
YTMPi = O (1 =6 =1}
PTMPi = O (1=6-1)
OMEGAB = 0
OMEGAC,, = O
OMEGACy =
T5L0C = "TVCINITL"

Set TIME5 to cause program interrupt #2 in 0.01 second

Resume

TVCINIT1

Entered about 0.42 seconds from start of "IGNITION"

Perform "MASSPROP"

j = (bit 14 of DAPDATR1) (1 for IM on, O for IM off)

*NOTE: "LM" references are from Apollo 15 program, and have been
retained for mnemonic usefulness.
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If j=1: (IM on)

Nloi = chbnloi (L =0 = 214)
I § = O3

Nloi == KcsmnlOi (1=0=14)
KTLXdL = Cektlxdij

Perform "SL0.15"

If j = 1:
Tsl - K803d2
If j = O:
S =& eap

T5TVCDT = 16384 - TSl

Set bit 15(SWTOVER) of FLAGWRD9 = O

KPRIMEDT = 2 Cekprimej 1

REPFRAC = C
erepfracj
CNTR = K
tcorr,
J
VCNTR = 19

PDELOFFsp = PACTOFF

PCMD = PACTOFF

I

DELPBARsp PACTOFF

YDELOFFsp YACTOFF

YCMD = YACTOFF
DEIXBARSP = YACTOFF
If bit 13 of DAPDATR1 = 1: (IM off)

If ERRBIMP+i| 274

Kldattlim

ERRBTMP+i = K sgn ERRBTMP+i

attlim
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(If bit 13 of DAPDATR1 = 1):

PERRBsp = ERRBTMP+0

YERRB
S

Il

B ERRBTMP+1
Set bit 3 of RCSFLAGS = 1
Perform "NEEDLER"
Proceed to "TVCINITL"
TVCINITL Can be entered from "CMDSOUT" if restart
TVCPHASE = +0
OGANOW = CDUx

Call "TVCEXEC" in 0.50 seconds

T5L0C = "DAPINIT"
TIME5 = T5TVCDT
Resume

DAPINIT Entered about (0.42 + % DAP cycle) sec after start of "IGNITION"
TIME5 = T5TVCDT + (T5TVCDT - 16384) (gives interrupt in one DAP cycle)
T5LOC = "PITCHDAP" (entered about (0.42 + 1.5 DAP cycle) sec after

start of "IGNITION": for IM-off, 0.48 second)

PCDUYPST = CDUy
YCDUYPST = PCDUYPST
PCDUZPST = CDUZ (Note that on first pass yaw rates 50% too big)
YCDUZPST = PCDUZPST
Resume

SWICHOVR Entered from "STABLISH" or "CMDSOUT"

Inhibit interrupts (released wheh return to caller)

PHASETMP

il

TVCPHASE

TVCPHASE = -2

il
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It

YTMPi = O (1i=6~1)
PTMPi = O (1=6-1)
Set bit 15(SWTOVER) of FLAGWRD9 = 1

EELAdL = Cektlxd12

Perform "S40.15" (starting at second line)

KPRIMEDT = K

fkprimdt
HEERRaG = Kfrepfrac
PDELOFF = DELPBAR
YDELOFF = DELYBAR
1oy = KlbnlOi (1=0-14)

TVCPHASE = PHASETMP
Return
TVCEXEC Entered first about 0.92 second after "IGNITION" (see "TVCINITA'")
If bits 15-14 (DAPBIT1, DAPBIT2) of FLAGWRD6 # 102:
TVCEXPHS = O
End of task
Call "TVCEXEC" in O.5 seconds
OGAPAST = OGANOW
OGANOW = GDQK
AKO = O0GAD - OGANOW (ones complement difference formed )

OGA = - AKO, rescaled to scale factor BO revolutions
Call "ROLLDAP" in 0.03 seconds

Perform "NEEDLER"
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If VCNTR » O:
VCNTR = VCNTR - 1, limited » +O (Note lack of restart
protection)
Proceed to "1SHOTCHK"
Perform "FIXCW" (VCNTR was +0)
Perform "S40.15"
VCNTR = 19
Proceed to '"1SHOTCHK"
1SHOTCHK
If CNTR > O:
TSl = CNTR - 1
TVCEXPHS = 4
Proceed to "CNTRCOPY"
If CNTR < O: (Tag here "REPCHEK")
If REPFRAC £ O: (Set -0 in "S40.8" if low thrust)
TVCEXPHS = 0 |
End of task
TS2 = REPFRAC
TVCEXPHS = 2
Proceed to third line of "TEMPSET"
If bit 7(ENGONFLG) of FLAGWRD5 = O: (CNTR = 0; Tag "1SHOTOK")
TVCEXPHS = O

End of task
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TVCEXPHS = TVCEXPHS + 1 (sets to 1)
Proceed to "TEMPSET"
TEMPSET

TSZ - Kfcorfrac

TVCEXPHS = TVCEXPHS + 1 (sets to 2)
If bit 13 of DAPDATR1 = 1: (means IM-off)

19, = & 15

2

TSl = =1

TS3

TSA = YDELOFF -+ TS2 (DELYBAR = YDELOFF)Sp

TVCEXPHS = TVCEXPHS + 1 (sets to 3)

2

Il

PDELOFF -+ T82 (DELPBAR - PDELOFF)sp

PDELOFF = TS3

PACTOFF = TS
Sp

L
TS
hsp

TVCEXPHS = TVCEXPHS + 1 (sets to 4)

YDEIOFF = TS

YACTOFF

Il

Proceed to "CNTRCOPY"
CNTRCOPY

CNTR = TSl
TVCEXPHS = O

End of task

PITCHDAP Entered initially due to logic in "DAPINIT"; then
from "YAWDAP" logic.

T510C = ""YAWDAP"

Il

TIME5 = T5TVCDT

Set PCDUYPST = CDUy and TS = PCDUYPST

MCDUYDOT = TS - PCDUYPST (ones complement difference formed)
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| =14,
£ |k, ..o MoDuvDor| ) 27M:
MCDUYDOT = O

Set PCDUZPST = CDUZ and TS = PCDUZPST

MCDUZDOT = TS - PCDUZPST (ones complement difference formed)

-1k,
i | S MCDUZDOT' % B

MCDUZDOT = O
ERRBTMP = PERRB -+ OMEGACy

OMEGABy = - MCDUYDOT COSCDUZ COSCDUX - MCDUZDOT SINCDUX
ERRBTMP = ERRBTIMP - OMEGABy

TF VKot FRRBTMP| 3, 2714
ERRBTMPSp S Kerrim sgn ERRBTMP

TMPL = PTMPL

TMP3 = PTMP3

TMP5 = PTMP5

Perform "FWDFLTR"
CMDTMP = PDELOFF + CMDTMP
Round CMDTMP to single precision

> o1k,
A& \Kldactsat aomee| > 2

CMDTMP = K sgn CMDTMP

actsat
TVCPITCH = TVCPITCH + CMDTMP - PCMD

Set bit 11 (Gate output from TVCPITCH) of channel 14 =1

TMP2 = PTMP2
. TMPL = PTMPL
TMP6 = PTMP6

Perform "PRECOMP"

DELBRTMP = Kemat DELPBAR -+ Konemeat CMDTMP
Perform "PCOPY"

Resume
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PCOPY

TVCPHASE = TVCPHASE + 1 (sets to 1)
PTMPi = TMPi (1i=1-6)
PERRB = ERRBTMP

AK. = ERRBTMP
1 sp
PCMD = CMDTMP

DELPBAR = DELBRTMP

TVCPHASE = TVCPHASE + 1 (sets to 2)
Return
YAWDAP Entered due to "PITCHDAP" logic.

T5LOC = "PITCHDAP"

TIME5 = T5TVCDT
Perform the following for i = ¥Y(or y) and then i = Z (or z):

Set YCDULiPST = CDUi and TS = YCDUiPST
MCDUiDOT = TS - YCDUiPST (ones complement difference formed)

X 1k,
If 1R gt MCDUiDOT| > 271h:

MCDUiDOT = O
ERRBTMP = YERRB -+ OMEGACZ

OMEGAB, = MCDUYDOT COSCDUZ SINGDUX - MCDUZDOT COSCDUX
ERRBINP = ERRBTMP - OMEGAB_
1e (K, . #RRBINP| Y 27l
ERRBIMP, = K, .. sgn ERRBINP
TMP1 = YTMP1
TMP3 = YTMP3
TMP5 = YTMP5

Perform "FWDFLTR"

CMDTMP = YDELOFF + CMDTMP
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Round CMDTMP to single precision

k.,
1f |K g, h gy OMDTINER] 3 2700

CMDTMP = Kactsat sgn CMDTMP

TVCYAW = TVCYAW + CMDTMP - YCMD
Set bit 12(Gate output from TVCYAW) of channel 14 = 1

TMP2 = YTMP2
T™MPL = YTMPL
TMP6 = YTMP6

Perform "PRECOMP"

DELBRTMP = K_ . DELYBAR + K_ . CMDIMP
Perform "YCOPY"
Resume

YCOPY
TVCPHASE = TVCPHASE + 1 (sets to 3)
YTMPi = TMPi (1=1-6)

YERRB = ERRBTMP

AK,_ = ERRBTMP
2 s

YCMD = CMDTMP

p

DELYBAR = DELBRTMP

TVCPHASE = 0
Return

FWDFLTR
DAP1 = N10, ERRBTMP + TMPL (NlOO is "N10")
DAP2 = Nlo5 DAP1 + TMP3 (Nlo5 is "N20")
If bit 14 of DAPDATR1 = 1:  (IM attached)

DAP3 = N10,, DAP2 + TMP5 (NlolO is "N30")

If bit 14 of DAPDATR1 = O: (IM off)

DAP3 = DAP2 (rescaled to scale factor B-3 revolutions)
CMDTMP = - VARK DAP3

Return
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PRECOMP

TMP1 = Nlol ERRBTMP - Nlo3 DAP1 + TMP2 (N:Lol is "N11" and
Nlo3 is "D11")
TMP2 = N10, ERRBIMP - NJ.oLF DAP1 (N102 is "N12" and
Nth is '"D12")
T™™P3 = N10, DAP1 - 1\1108 DAP2 + TMP,
TMP), = N107 DAP1 - Nlo9 DAP2
If bit 13 of DAPDATR1 = O: (IM on)
TMP5 = NlOll DAP2 - Nlo13 DAP3 + TMP6
TMP6 = N10,, DAP2 - Nlou+ DAP3
Return
REDOTVC
If TVCEXPHS ¥ O:
Call "EXRSTRT" in 0.09 seconds
If TVCPHASE <€ 0:
If bit 2 of TVCPHASE = 1: (i.e. -1, not -2)

PCMD = PACTOFF

YCMD = YACTOFF
If TVCPHASE = 1:

Perform "PCOPY" (starting at second line)
If TVCPHASE = 3:
Perform "YCOPY" (starting at second line)
Set bits 11(Disengage Optics DAC) and 8(TVC Enable) of channel 12 = 1
T5L0C = "ENABL2"
Set TIME5 to cause program interrupt #2 in 0.06 seconds

Resume
ENABLZ2

Set bit 2(Enable Optics CDU Error Counters) of channel 12 = 1
T5L0C = "CMDSOUT"
Set TIME5 to cause program interrupt #2 in 0.02 seconds

Resume
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CMDSOUT
TVCPITCH = PCMD - O (avoids loading with +0)
TVCYAW = YCMD - O (avoids loading with +0)

Set bits 12-11 (Gate outputs from TVCPITCH & TVCYAW) of channel
14, =1

If TVCPHASE < O:
If |TVCPHASE) - 1 = 0:
Proceed to '"TVCDAPON'

Perform "SWICHOVR" (starting at 4th line)
Proceed to '"TVCINITL"

EXRSTRT

Proceed to appropriate point in "TVCEXEC" routine (just after
the point where TVCEXPHS was incremented to its present value)

ROLLDAP Called by "TVCEXEC" every 0.5 second (0.03 second after start
of "TVCEXEC")

OGARATE =K _ . (OGANOW - OGAPAST) (ones complement difference)
If |ROLLFIRE|= O:
If |TEMREG| # O:
TEMREG = O
End of task

TS = K. - % 1dCONACC OGARATE®

db
SGNRT = 1 sgn OGARATE (O considered negative)
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DELOGA = OGA = TS SGNRT

Il

SGNDOG = 1 sgn DELOGA (0 considered negative)
If SGNRT sgn SGNDOG ;,O:

DELOGA = DELOGA + de sgn SGNDOG

DELOGART = - K sgn SGNDOG
mecrat

Proceed to "ONROLL"

If OGARATE sgn SGNDOG + K .- Lo:

RATDES = - Kmaxim sgn SGNDOG

Proceed to "ROLLSET"

TS = (K OGA + OGARATE) sgn SGNDOG - K,

msope intercp
If TS & O, proceed to "NOROLL"
If OGARATE sgn SGNDOG + X . . £ O, proceed to "NOROLLM"

minim

If OGA sgn SGNDOG - K, & 0, proceed to "NOROLL"
DELOGA = OGA
DELOGART = OGARATE

Proceed to "ONROLL"

ONROLL
T5) = Kioope 1MCONACC DELOGART - 1 sgn SGNDOG  (scaled BA)
_ 2
TS5 = Kygope 14CONACC DELOGART® + K - (DELOGA sgn SGNDOG - Ky )
+ Kperat, (scaled BO)
1r |rs,| - 27%|rs;| <0:  (implemented by division of TS
shifted right 14 places by TS
RATDES = TS, / TS, and check of A: the 2% comes
L about from scale factors)
It |Ts,) - 27*|rsy|y 0:
RATDES = HMAX sgn (TS, / TS;) (magnitude & 223°/sec)

Proceed to "ROLLSET"
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ROLLSET
TEMREG = RATDES (same cell)
TS = RATDES - OGARATE
1 |1s| ), 2~k rev/sec:
TS = (274 - 2-18) sgn TS rev/sec
TS = % K, 14CONACC TS, modulo 21 centi-seconds
TEMREG = 2 TS
If |TEMREG| ), 210 centi-seconds:
TEMREG = (2:LO - 2_4) sgn TEMREG centi-seconds
If TEMREG = O:

Proceed to "NOROLL"
TS]_ = TEMREG ROLLFIRE

If TSl< 0, proceed to '"NOROLL'
1f |15 = O:
1 |tEMREG] - K. . L O

Proceed to ""NOROLL'"

If TSl > O:
SGNDOG = 0 (used as flag in "JETROLL")
-1k,
1f Ky, oo TEREG] y 27l
TEMREG = K sgn TEMREG

tmxfir
ROLLFIRE = +MAX sgn TEMREG

TEMREG = |TEMREG|

If SGNDOG # O, proceed to '"JETROLL!

If (TIME6 - TEMREG) O, End of task  (don't extend burn

duration)
Proceed to "JETROLL"
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NOROLL
ROLLFIRE = -0
TEMREG = -O
Proceed to "JETROLL'"

JETROLL

Il

T6LOC = '""NOROLL1"
TIME6 = TEMREG
If SGNDOG = O: (set in "ROLLSET" to continue present jets)
End of task
If ROLLFIRE = O:
Set bit 15(TIME6 Count Enable) of chamnel 13 = 1
End of task
If ROLLFIRE > O:
If bit 1 of ROLLWORD = 1:
Set bit 1 of ROLLWORD = O
Channel 6 = Kproz
Set bit 15(TIME6 Count Enable) of channel 13 = 1
End of task
Set bit 1 of ROLLWORD = 1
Channel 6 = Kprol
Set bit 15(TIME6 Count Enable) of channel 13 =1
End of task
If bit 2 of ROLLWORD = 1: (ROLLFIRE < 0)
Set bit 2 of ROLLWORD = O
Channel 6 = L

02
Set bit 15(TIME6 Count Enable) of channel 13 = 1

End of task
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Set bit 2 of ROLLWORD = 1
Channel 6 = K
mrol

Set bit 15(TIMEé Count Enable) of channel 13 = 1
End of task

NOROLL1
ROLLFIRE = +0
Channel 6 =0

Resume
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Quantities in Computations

See also list of major variables and list of routines

1dCONACC: See Digital Autopilot Interface Routines.

AKO, AKl, AK2: See Digital Autopilot Interface Routines.
: : Single precision erasable memory constant, program notation
SEpritcy "EKPRIME", scale factor B-5, units (revolutions/centi-second)/
radian, giving the ''steer law gain'' for IM-off (used in "TVCINIT1"
to initialize KPRIMEDT for "S40.8"). The maximum value that can be
stored in the cell is (100 x 2W x 27°) = (100 T /16) radians/sec per
radian, where 'maximum value' actually is one least increment more

than 37777g.

: Single precision erasable memory constant, program notation
1 "EKPRIME +1", scale factor B-5, units (revolutions/centi-second)/
radian, giving the "steer law gain" set in "TVCINIT1" for IM-on (see

Cekprimeo and Koy it

Cekprime

Cektlxdi : Single precision erasable memory constant, program notation

0 "FKTLX/I", used in "TVCINIT1" to initialize KTIXdI for "S40.15",
for the IM-off configuration. Scale factor is B4, units ASCREV/sec2,
where one ASCREV = 1.07975111 revolutions (see K N t). To convert
to memory inforEation, value in units of (1/sec?3°SRBYld be divided by
(1.07975111 x 2*), giving a fraction which in turn is placed in the
cell. Alternatively, cell could be considered scaled B18 in units of
CDU actuator pulses per revolution times (newton—meters/kg—meter52),
where second term compensates for the mnltiflication by IAVG/TIX (and
reduces to 1/sec?, of course). There are 214 actuator pulses in
1.07975111 revolutions.

Cektlxdi : Single precision erasable memory constant, program notation
1 "EKTIX/I +1", used in "TVCINIT1" to initialize KTIXdI for
"S,L0.15" for IM on (see also C . ). Scale factor is B2, units
ektlxdi ’
ASCREV/sec” (see Cektlxdio)' 2
C : Single precision erasable meﬁory constant, program notation

ektlxdly wggTIX /T +2", used in "SWICHOVR' to initialize KTIXdI for
"S40.15" fgr "low bandwidth' IM on. Scale factor is B2, units
ASCREV/sec” (see cektlxdio).
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Cerepfrac

Cerepfrac

: Single precision erasable memory constant, program notation
O "EREPFRAC", scale factor B2, used as IM-off initialization
for REPFRAC in "TVCINIT1" and "S40.8" (note that TS,, i.e.

REPFRAC, is doubled in "TEMPSET" if IM-off, hence e%fective "system'
scale factor is B3).

: Single precision erasable memory constant, program notation
1 "EREPFRAC +1", scale factor B2, used as IM-on initialization

for REPFRAC in "TVCINIT1" and '"S40.8". See also K
frepfrac’

ChbnlO. (i=0-14): Set of single precision erasable memory constants

1 used in "TVCINIT1'" to initialize NlO:.L for IM-on (if "SWICHOVR"
entered, N10, loaded with KlbnlOi instead).

il Notation Scale Factor
0 "HBN10" BO
gl "HBN11/2" Bl
2 "HBN12" BO
3 "HBD11/2" Bl
L "HBD12" BO
5 ""HBN20" BO
6 "HBN21/2" Bl
s "HBN22" BO
8 "HBD21/2" Bl
9 "HBD22'" BO
10 "HBN30" BO
11 "HBN31/2" Bl
12 "HBN32" BO
.13 "HBD31/2" Bl
14 ""HBD32" BO

CMDTMP: Value of required output information computed initially in "FWDFLTR"

CNTR:

double precision, and subsequently rounded to single precision in
"PITCHDAP'" or "YAWDAP'", scale factor BO, units ASCREV (or Bly in units
of actuator pulses): VARK converts from units of revolutions in "FWDFLTR'.

Single precision counter, scale factor Bll, units counts (of %

second each), preset in "TVCINIT1" and decremented in "1SHOTCHK'.
When reduced to O, the next entrance to "TVCEXEC" causes a "one-shot!
correction to PACTOFF and YACTOFF (as well as PDELOFF and YDELOFF),
-using K frac CNTR is set to +MAX in "S40.8l"when the cutoff
decisiogcgg ﬁg&e, to inhibit further trim updates after that time

(a value of -1 is set in "TEMPSET'/"CNTRCOPY" to signify that the
one-shot correction has been made). Since K (initial condition
for IM-on of CNTR) is zero, no decrementing O}corrl CNTR is required

for that configuration.

COSCDUX, COSCDUZ: See Coordinate Transformations. Updated once a second

while "CLOCKJOB" is entered, which includes period of time when
TVC DAP is on.
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DAP1, DAP2, DAP3: Filter quantities computed in "FWDFLIR'", scale factor
B-1, units revolutions. If IM off, then DAP3 is set equal to DAP2
(otherwise, it is derived), scaled B-3.

DAPDATR1: See Digital Autopilot Interface Routines.

DELBRTMP: Double precision erasable memory cell used to contained the
updated value for DELPBAR or DELYBAR (for restart protection
purposes), scale factor Bli, units CDU actuator output pulses
(or scale factor BO in ASCREV units).

DELOGA: Single precision value of roll attitude error used in "ONROLL",
scale factor BO, units revolutions (computed initially in '"ROLLDAP"
as '"distance from switch parabola').

DELOGART: Single precision value of roll attitude rate error used in
"ONROLL", scale factor B-4, units revolutions/second.

DELPBAR: Double precision value of estimated "c.g. offset relative to
electrical null" in pitch, scale factor Bl) in units of CDU actuator
pulses (or scale factor BO in ASCREV units). Initialized to PACTOFF
in "TVCINIT1" and ugdated in "PCOPY" with DELBRTMP (for restart
protection purposes). After CNTR reduced to zero, used in "TEMPSET"
to updated PDELOFF and PACTOFF (using K and then REPFRAC for
weighting). Used in "SPSOFF" to load 1CCTIT8C PAGTOFF if suitable
initialization completed (i.e. "TVCINIT1" completed, initializing
DELPBAR), and no thrust failure.

DELYBAR: Double precision value of estimated '"c.g. offset relative to
electrical null" in yaw, scale factor Blh, units CDU actuator
output pulses (or scale factor BO in ASCREV units). See DELPBAR
(substitute yaw axis for pitch axis).

ERRBTMP: Value of pitch or yaw error in body coordinates, scale factor
B-1, units revolutions, limited to Kerrim' Could also be considered
to be the "integral of body-axis raté error'". Value is displayed on
FDAI error needles (due to loading of AK. or AK_ by appropriate
copy routine). Loaded in "IGNITION" wit% RCS DEP pitch and yaw negative
(single precision) error information for use in "TVCINIT1", after
limiting, to initialize PERRB and YERRB for IM-off.

Kigactsat: Single precision constant, program notation ”l/ACTSAT“,
scale factor BO, octal value 0010lg, corresponding to
0.003967285. Effect in equations such as to cause an answer of
one least increment (24 in programmed equations) for an argument
of 253 least increments or more (see Kactsat)‘

K .+ Single precision constant, program notation "1/ATTLIM", scale
ldattlim ’
factor BO, octal value 00170,. Effect in equations such as to
cause an answer of one least increment (214 in programmed equations)
for an argument of 137 least increments (at B-1 rev., about 1.505°):

5¢€ Kottlim®
K qerrim® ©Single precision constant, program notation "1/ERRLIM",
scale factor BO, octal value 0000L4,. Effect in equations
such as to cause an answer of one least increment (2~ in

programmed equations) for an argument of 22 or more

(see Kerrim): the 27° would correspond to 2=3 revolutions.
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K ._: Single precision constant, program notation "1/RTLIM", scale
e factor BO, octal value 0011l5,. Effect in equations such as to
cause an answer of one least increment (2’lh in programmed equations)
for an argument of 213 least increments (at B-1 rev., about 2.34°).

K qtmxfip: Single precision constant, program notation "1/TMXFIR",
scale factor BO, octal value 0000L4,. Effect in equations
such as to cause an answer of one leas% increment (2~ in
programmed equations) for an argument of 272 or more (see
Ktmxfir): the 272 would correspond to 2.56 seconds.

thst: Single precision constant, program notation "BITR'", scale factor
Blh, units centi-seconds, giving the required time interval
between DAP computations for different axes for IM-off. Value is
2 x 27%, corresponding to 2 centi-seconds: this gives a time
interval of 4 centi-seconds from one pitch axis solution to the
next.

K8csd2é Single precision constant, program notation "BIT3", scale factor

14, units centi-seconds, giving the required time interval between
DAP computations for different axes for IM-on. Value is L x 2‘14,
corresponding to 4 centi-seconds: this gives a time interval of 8
centi-seconds from one pitch axis solution to the next.

K. otsat® Single precision constant, program notation "ACTSAT", scale
factor Blh, units CDU actuator output pulses (one pulse is 85.41
seconds). yﬁlue is 253 % 2"14, corresponding to about 6.0024°.
Note that 2% CDU actuator output pulses correspond to about

1.07975111 revolutions; there are about 42.1,963 pulses/degree.

K ..+ Single precision constant, program notation "ATTLIM!" scale factor
attlim " r : ’
B-1, units revolutions. Value is 136 least increments (see
Kldattlim)’ or octal 002108, corresponding to about 1.49L°.

K (1 =0 - 14): Set of single precision constants used in "TVCINIT1"
csmnlOi to initialize N10, for IM-off, program notation (i = 0) "CSMN1O".
Only values for i = g™ 9 are significant (since NlOl to N10O are
employed only for IM-on); values for i = 10 - 14 are ghe samelgells
as K to K

lbnlOO 1bnlOA‘
=il Nominal Value Scale Factor Nominal True Value  Stored
0 0.99999 BO 0.99999 (N10) 0.99994
1 -0.2549 Bl -0.5098  (N11) -0.50977
‘8 0.0588 BO 0.0588  (N12) 0.05878
3 -0.7620 Bl il B2 (D11) -1.52405
L 0.7450 BO 0.74,50  (D12) 0.74500
5 0.99999 BO 0.99999 (N20) 0.99994
6 -0.4852 Bl -0.9704  (N21) -0.97046
2 0.0 BO 0.0 (N22) 0.0
8 -0.2692 Bl -0.538,  (D21) -0.538L5
9 0.0 BO 0.0 (D22) 0.0

The '"nmominal value' is the scaled decimal input to the assembly
program; the "stored" value was obtained by converting the octal
memory information to decimal and applying the proper scale factor.
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de: Single precision constant, program notation "DB", scale factor
BO, units revolutions, giving roll deadband for TVC DAP. Octal
value is O034Lg, corresponding to about 5.0098°,

: Single precision constant, program notation "E(-AT)", scale

K :
emat 3
factor BO, value 375354, corresponding to (1 - Konemeat)'

‘m Single precision constant, program notation "ERRLIM'", gcale
erTil ractor B-1, units revolutions. Value is 100008, corresponding

to 277 revolutions or ASO.

Kfcorfrac: Single precision constant, program notation "FCORFRAC", scale
factor B2. Used in "TEMPSET" as the IM-on c.g. one-shot
correction gain (see CNTR above). A value of 2 Kf £ is used for
IM-off (hence scale factor could be considered B3 %8? {%8 IM-off
application). Value is octal 100008, corresponding to 1.0 x 2%,
where first term is equation value and second is scale factor.

kaprimdt: Single precision constant, program notation "FKPRIMDT", scale
factor B-4, units (revolutions/DAP cycle) per radian. Used in
"SWICHOVR" to load KPRIMEDT. Value is 0.0102, corresponding approx-
imately to 0.05 x 0.08 x (1/217) x 2h, where first term is value of
gain in (radians/sec)/radian, second is DAP cycle rate in seconds, third
is conversion to revolutions, and 4th is scale factor: see KPRIMEDT.

Kfre frac Single precision constant, program notation "FREPFRAC", scale
P factor B2, used in "SWICHOVR'" and "S40.8" to load REPFRAC
for "low-bandwidth" mode of TVC DAP. Nominal value is 0.0375 x 27<,
where first term is equation value and second is scale factor. The
actual stored value corresponds to about 0.0376.

Sl nrers® Single precision constant, program notation "INTERCEP'", scale
P factor B-3, units revolutions. Octal value is 005108, corres—

ponding to about 0.2002 x 45 = 0.9009°.

KlbnlO. (i = Q = 1@): Set of single precision constants used in '"SWICHOVR"
i to initialize N10, for "low bandwidth" IM-on, program notation

(i = 0) "LBN1O". 1

i Nominal Value Scale Factor Nominal True Value Stored
0 0.99999 BO 0.99999 (N10) 0.9999,
1 -0.3285 Bl -0.6570  (N11) -0.65698
2 -0.3301 BO -0.3301  (N12) -0.33008
3 -0.9101 Bl -1.8202  (D11) -1.82019
N 0.8460 BO 0.84,60  (D12) 0.84601
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i Nominal Value Scale Factor Nominal True Value Stored
5 0.03125 BO 0.03125 (N20) 0.03125
6 0.0 Bl 0.0 (N21) 0.0

7 0.0 BO 0.0 (N22) 0.0

8 -0.9101 Bl -1.8202 (D21) -1.82019
9 0.8460 BO 0.84,60  (D22) 0.84601
10 0.5000 BO 0.5000  (N30) 0.50000
11 -0.47115 Bl -0.9423 (N31) -0.94226
12 Q.4749 BO 0.4749  (N32) 0.47491
13 -0.9558 Bl -1.9116  (D31) -1.91162
14 0.9372 BO 0.9372  (D32) 0.93719
See note with KcsmnlOi'

K ._: Single precision constant, program notation "MAXLIM", scale

factor B-4, units revolutions/second. Value is 0.01388889 x 2h,
corresponding to about 5 degrees/second.

: Single precision constant, program notation '"IMCRATE", scale
factor B-4, units revolutions/second (gives limit cycle roll
rate for TVC roll DAP). Value is 001118, corresponding to about
0.10025 degree/second.

Kmin’ : Single precision constant, program notation '"MINLIM", scale
factor B-4, units revolutions/second. Value is 0.00277778 x 2,
corresponding to about 1 degree/second.

chrat

K o1’ Single precision constant, program notation '"-ROLL1", octal
value 000128, corresponding to channel 6 roll jets #10 and #12,
giving a SM negative roll using quad B/D.

Kmr02: Single precision constant, program notation '"-ROLL2", octal

value 002404, corresponding to channel 6 roll jets #14 and #16,
giving a SMSnegative roll using quad A/C.

KmSOpe: Single precision constant, program notation "-SLOPE", scale
factor BO, units (revolutions/second)/revolution. Value is 0.2.
Notation arises from fact that "true" slope is negative (an
increasing attitude error results in a decreasing attitude rate).

Konemeat: Single precision constant, program notation “l—E(—AT)”,

scale factor BO, octal value 002434. Value corresponds
to 163/1638L, or approximately 0.01, equivalent to the
first term in the series expansion of (1 - e‘at) for at = 0.01.
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Kprol: Single precision constant, program notation "+ROLL1", octal
value 00005g, corresponding to channel 6 roll jets #11 and #9,
giving a + Roll (for SM). Uses Quad B/D.

K : Single precision constant, program notation "+ROLL2'", octal

value 001204, corresponding to channel 6 roll jets #15 and #13,

giving a + ﬁoll (for SM). Uses Quad A/C.

pro2

K,pt: Single precision constant, program notation "BIT5", scale factor
B11l, value 2‘10, corresponding to 2 x 2"11, where first term is
conversion of rate to units of revolutions/second, and second
is scale factor.

Ktésc: Single precision constant, program notation "T6SCAIE", scale
factor B7, value 31000,. Value corresponds to 100 x 2'7, where
first term converts from seconds to centi-seconds and second
is scale factor.

: Single precision constant, program notation "TCORR", scale factor
WERES. Blh, units counts (used as a preset for CNTR in "TVCINIT1'" for IM-off).
Value is 5 x 2“14, meaning that the '"single-shot'' correction will take
place the 6th time that "TVCEXEC" is entered, or about 3.42 seconds

after "IGNITION'" is done.

: Single precision constant, program notation "TCORR +1", scale
tcorrlfactor Bl4, units counts (used as a preset for CNTR in "TVCINIT1"
for IM-on). Value is O, meaning that the "single-shot!" correction
will take place the first time that "TVCEXEC" is entered, or about
0.92 seconds after "IGNITION" is done.

K : Single precision constant, program notation '"TMINFIRE',

tmlnfrscale factor B10, units centi-seconds. Value is 00030,
corresponding to 1.5 centi-seconds (i.e. 15 milliseconds§.

Ktmxfir: Single precision constant, program notation "TMAXFIRE',
scale factor BlO, units centi-seconds. Value is 250 x 2‘10,
corresponding to 250 centi-seconds (i.e. 2.5 seconds). See

Kldtmxfir'

KPRIMEDT: Quantity used in "S40.8" to convert guidance attitude error
information into OMEGAC. Scale factor is B-4, units (revolutions/
DAP cycle) per radian. Loaded in "TVCINIT1" and "SWICHOVR". Least
significant half expected to be O (from "TVCINIT1" loading method).

KTLXdI: Single precision value of appropriate C cell, loaded in

"TYVCINIT1" or "SWICHOVR" and used in ”ShO.i?F%Xdécale factor is
B, (IM off) or B2 (IM on), program notation "KTIX/I",
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MCDUYDOT, MCDUZDOT: Complement of change in CDU_ and CDU_ respectively
since previous sample, scale factor B-1, wlits revoiutions/DAP
cycle (in general). Computed in '"PITCHDAP" and "YAWDAP" based
on separate CDU angle samples, and used to compute appropgia?e
component of OMEGAB. If the magnitude exceeds about 2.337, it
is set O (see Kld . ). The DAP cycle is 40 ms for IM-off ard
80 ms for IM-on. "HiS to initialization in "DAPINIT", the rate
derived the first pass through "YAWDAP" will be 50% too big.

NlOi (1 =0 - 14): Set of filter constants loaded in "TVCINIT1" with

i s TR T
KcsmlO. (IM-off) or ChbnlO. (IM-on), or in "SWICHOVR" with KlbnlO.'

For LM}off, parameters for'i = 10 - 14 are not used. Scale factdrs
for i =1, 3; 6, 8; and 11, 13 are Bl, with remainder of constants
(all single precision) having scale factor BO.

OGA: Single precision value of roll error (OGANOW - OGAD), scale factor
BO, units revolutions, computed in "TVCEXEC'". Program notation
where computed is "OGAERR".

OGAD: Single precision value of desired outer gimbal angle (i.e. CDU_),
scale factor B-1, units revolutions, set to CDU_ in "IGNITION"
(when SPS engine is turned on). Used to cause ¥he roll TVC DAP
to maintain "roll attitude hold".

OGANOW: Single precision value of CDU_, scale factor B-1l, units
revolutions, sampled in “TVCINITﬁ” and "TVCEXEC",

OGAPAST: Previous value of OGANOW, scale factor B-1l, units revolutions,
loaded with previous value of OGANOW in "TVCEXEC'.

OGARATE: Single precision value of rate of change of OGANOW computed at
the start of "ROLLDAP", scale factor B-4, units revolutions/second.

OMEGAB: Value of body rate determined from first difference of CDU_ and CDU
information, scale factor B-1l, units revolutions/DAP cycle (co%puted
double precision). The y component is loaded in "PITCHDAP" and
the z component in "YAWDAP'", program notations "OMEGAYB'" and
"OMEGAZB" respectively. The "x" component is used for the storage
of OGARATE (single precision), and is assigned that tag. The cells
used for OMEGAB are used in the RCS DAP for ADOT (a common cell
assignment is made for telemetry considerations). Note that '"x"
component is B-4 rev/second, not B-1 rev/DAP cycle, and single precision.

OMEGAC: Value of guidance steering output computed in "S40.8'", scale
"~ factor B-1, units revolutions/DAP cycle (see KPRIMEDT). The
x component is not used; the y component is used in "PITCHDAP';
and the z component is used in "YAWDAP",
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PACTOFF: Single precision value of pitch c.g. offset, scale factor
Bl, units CDU actuator pulses (one pulse is 85.41 seconds). Could
also be considered scaled BO .in units of ASCREV (see C o
Can be loaded by Rl of N48 (e.g. in RO3). It is measufSa™ig
"relative to electrical null" specified by K_, . (see Steering
Computations). Quantity also called "total BE%%E trim angle."
It is used in "TVCINIT1" to initialize filter quantities in
TVC DAP, and is updated in "TEMPSET" after the one-shot has taken
place (CNTR reduced to O). Can also be updated in "SPSOFF" (see
DELPBAR).

PCDUYPST, PCDUZPST: Previous values of CDU_ and CDU_ for use in deriving
MCDUYDOT and MCDUZDOT for pitch DAP, gingle prgcision with scale
factor B-1, units revolutions, in twos complement. Separate cells
are used for yaw DAP (see YCDUYPST). PCDUiPST cells are initialized
in "DAPINIT'", with "PITCHDAP'" entered at a time corresponding to
one complete DAP cycle (pitch and yaw) later, giving proper first-
difference computation.

PCMD: Single precision value of previous pitch output command information,
scale factor Bll,, units CDU actuator pulses (or BO in units of
ASCREV). It is intended to maintain an image of the information
in the optics error counter driven from TVCPITCH output. It is
set to PACTOFF in "TVCINIT1" ("S40.6" left engine bell at that
position), and updated in "PCOPY" with CMDTMP.

PDELOFF: Value of pitch c.g. offset, scale factor Blh, units CDU
actuator pulses (or BO in units of ASCREV). The quantity is a
double precision version of PACTOFF (updated in "TEMPSET" and
initialized to PACTOFF in "TVCINIT1") used to minimize the effect
of computer word length.

PERRB: Value of pitch error in body coordinates, loaded in "PCOPY" with
ERRBTMP (which in turn is sum of previous PERRB and (OMEGAC_ -
OMEGAB )), scale factor B-1, units revolutions. Could also’be
considred to be the "integral of body-axis pitch-rate error",
since the OME&Aiy terms are in units of revolutions/DAP cycle.

PHASETMP: Single precision cell used in "SWICHOVR" to retain the value
of TVCPHASE until the computation is complete, to permit setting of
TVCPHASE = -2 as an indication to restart logic ("REDOTVC'" and
"CMDSOUT") that "SWICHOVR'" was being performed.

PIMPi (i = 1 - 6): Values of pitch filtered information, initialized to
O in "TVCDAPON'" and "SWICHOVR'", and loaded with TMPi in "PCOPY".
Scale factors are all B-1, units revolutions.

RATDES: Single precision value of desired roll rate used in '"ROLLSET",
scale factor B-4, units revolutions/second. Program uses TEMREG
cell. '

RCSFLAGS: See Digital Autopilot Interface Routines.
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REPFRAC: Single precision value of 'repetitive c.g. correction fraction",
scale factor B2, used in "1SHOTCHK" to control update of the c.g.
tracker (if REPFRAC O or negative, no update is done) after CNTR
becomes O. It is initialized in "TVCINIT1" to appropriate C
and (for "long" burns) is loaded in "S40.8" with the same
information. If "SWICHOVR" entered, loaded with K In "SL0.8",
is set to -0 if thrust below minimum value, to 1nh1€§€ up&ates

ROLLFIRE: Single precision cell, scale factor BO, set to +MAX for
positive roll torque and -MAX for negative roll torque in roll
TVC DAP. It is initialized to O in "TVCDAPON" and when roll jets
are turned off in "NOROLL" or 'NOROLL1l'", and used as a control
cell to indicate that roll jet firings have been specified (used
at start of "ROLLDAP", with TEMREG, to force at least % second of
no firing between successive firings).

ROLLWORD: Single precision cell initialized to O in "TVCDAPON" and
used to permit alternation of the pairs of jets (i.e. quads) used
for torque in the TVC roll DAP. Bit 1 is used for positive roll
commands and bit 2 for negative roll commands: quad B/D is used
if the bit is now O and quad A/C if bit is now 1. The bit used
for selection is complemented after being used.

erepfrac

SGNDOG: Cell giving sign information for DELOGA (implemented in program
by loading a ''clear add" order for positive and a '"clear subtract'
order for negative), program notation "I", It is set O in
"ROLLSET" if the polarity of the present jet firing is the same
as that of desired firing during this evaluation, in order to
flag the fact that present jets should be continued (subsequent
evaluations can reduce the required roll firing time, but not
increase it, due to logic at end of "ROLLSET").

SGNRT: Single precision cell, scale factor Blh, giving information on
the polarity of OGARATE.

SINCDUX: See Coordinate Transformations (and COSCDUX).
T5LOC: See Digital Autopilot Interface Routines.

T5TVCDT: Single precision value of required setting for TIME5, scale
factor Blh, units centi-seconds. TIME5 is incremented by hardware
means once each centi-second, and when it reaches 1638L (214),
program interrupt #2 is generated Consequently, to cause program
1nterrupt #2 in 2 centi-seconds from "now", TIME5 is set to 16384 -

= 16382; in 4 centi-seconds requires 16380 etc.

T6LOC: See Digital Autopilot Interface Routines.

TEMREG: Single precision cell used for several functions within TVC roll
DAP, but left at end with value of time loaded into TIME6, scale
factor BlO, units centi-seconds. It is preset to O in "TVCDAPON",
and used w1th ROLLFIRE at the start of "ROLLDAP" to force at least
% second of no firing between successive firings.
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TIME5: See Digital Autopilot Interface Routines.
TIME6: See Digital Autopilot Interface Routines.

T™Pi (1 =1 - 6): Set of cells used to retain PTMPi or YIMPi information,
scale factor B-1l, units revolutions, in order to achieve restart
protection and allow use of the common subroutines "FWDFLTR'" and
"PRECOMP'", All cells double precision.

TTMP1: Double precision cell used for intermediate storage of quantities
in TVC DAP (not shown in programmed equations), set O in '"TVCDAPON"
(no functional purpose served by the zeroing).

TVCDUMMY: Single precision cell set O in "TVCDAPON", but not otherwise
referenced by TVC DAP (cell formerly assigned to a stroking-test
variable, and employed for erasable memory layout considerations).

TVCEXPHS: Single precision cell, scale factor Bli, used to control the
restart logic associated with the TVC DAP for the waitlist task
started every half second at "TVCEXEC". It is initialized to O
in "IGNITION" and at the end of each performance of the "TVCEXEC"
task. If it is non-zero when "REDOTVC" is entered, it is used as
an indexing parameter to select the appropriate address within the
"TVCEXEC" package in "EXRSTRT". For clarity, these addresses are
not shown in the programmed equations, but correspond to the line
following the one which incremented TVCEXPHS to its present value.

TVCPHASE: Single precision cell, scale factor Blh, used to control the
restart logic associated with the TVC DAP for the initialization,
switchover to low bandwidth (IM-on), pitch copy cycle, and yaw
copy cycle (values -1, -2, +1, and +3 respectively). Set to -1 in
"IGNITION" and to O at the start of "TVCINITL", to control branching
in "REDOTVC". If "SWICHOVR" entered, set to -2, after the present
value saved in PHASETMP. The appropriate "PCOPY"/"YCOPY" routine
sets to control the pitch/yaw copy cycle restart logic.

TVCPITCH, TVCYAW: See Digital Autopilot Interface Routines.

VARK: Single precision variable gain for TVC pitch and yaw channels, scale
factor B4 (IM off) or B2 (IM on), units ASCREV/revolution (or
B18/B16 in units of CDU actuator pulses/revolution). It is computed
in "S40.15" and used in "FWDFLTR",

VCNTR: Single precision cell, scale factor Bllh, used for control of the
"TVCEXEC" computations. It is normally employed to cause an update of
DAP parameters (due to mass change computed every 2 seconds in "S4L0.8")
every 20 entrances to "TVCEXEC" (i.e. every 10 seconds). Since the
modifications to the counter are not restart protected, however, a
restart in a small interval could cause another modification to the
counter (modifying the period, although this should not be a problem).
The cell is preset to 19 in "TVCINIT1" and in "TVCEXEC" after updating
parameters (when cell reaches +0).
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YACTOFF: Single precision value of yaw c.g. offset, scale factor Blj,
units CDU actuator pulses (or scale BO in ASCREV). It is measured
"relative to electrical null" specified by K bi (see Steering
Computations). See PACTOFF above (updated afPias analogous times

to those for PACTOFF, but of course with yaw parameters).

YCDUYPST, YCDUZPST: Previous values of CDU_ and CDU_for use in deriving
MCDUYDOT and MCDUZDOT for yaw DAP, sifigle precfsion with scale
factor B-1l, units revolutions, in twos complement. Separate cells
are used for pitch DAP (see PCDUYPST). YCDUiPST cells are initialized
in "DAPINIT", but "YAWDAP" is entered for the first time at a time
corresponding to 1.5 complete DAP cycles (i.e. pitch and yaw, plus
pitch), giving a derived rate for this first pass (at DAP turn-on
or after a restart) that is 50% too big.

YCMD: Single precision value of previous yaw output command information,
scale factor Bl,, units CDU actuator pulses (or BO in units of
ASCREV). See PCMD.

YDELOFF: Value of yaw c.g. offset, scale factor Bli, units CDU
actuator pulses (or BO in units of ASCREV). Quantity is a double
precision version of YACTOFF (cf. PDELOFF).

YERRB: Value of yaw error in body coordinates, loaded in "YCOPY" with
ERRBTMP (which in turn is sum of previous YERRB and (OMEGACz -
OMESABZ)), scale factor B-1l, units revolutions (cf. PERRB).

YTMPL (i = 1 - 6): Values of yaw filtered information, initialized to

O in "TVCDAPON'" and "SWICHOVR", and loaded with TMPi in "YCOPY".
Scale factors are all B-1l, units revolutions.
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Entry Computations

CM/POSE (Entered by setting AVEGEXIT = "CM/POSE" in "P62")

mVEEL = K pvee ¥ T Koo (—C-unitw % UNITR)

UXA = unit( mVEREL)

TS = - unit( UXA * UNITR)

If |mVREL|,, - Kgppq £ O

TS = OLDUYA

UYA = TS
OLDUYA = UYA
UZA = - UYA * UXA

TS = (AOGAPIP, AIGdPIP, AMGAPIP), converted to ones complement
double precision

UBY = (- cos TS, cos IS, sin TS, + sin TS, sin TSy,
cos TSX cos TSZ,
cos TS, sin TS, sin T8, + sin T8, cos 15;) [REFSMMAT]
UBX = ( cos TS, cos TS,, sin TS,, - sin TS, cos 15,) [REFSMMAT]
UBZ = UBX * UBY
TSy = unit( UXA * UBY)

COSTH = TS, * UZA

Il

SINTH = TS; -+ UYA

Perform "ARCTRIG"

TS, = THETAg (= roll angle)

p

_ ool . -
1S, = (sint (UBL UXA_))Sp (- beta angle)

SINTH = UBX * T8,
COSTH = TS; * UBZ
Perform "ARCTRIG"

8, = THETAsp (- alfa angle)
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TS, = GAMA
GAMA = ~( cos™! (UNITR - UZA_)) op
Inhibit interrupts

If bit 11(GAMDIFSW) of FLAGWRD6 =

GAMDOT = Ktcdu (GAMA - TSZ)
1t |GAMDOT| - Ky, < O:
GAMDOT = 0O

If bit 11(GAMDIFSW) of FLAGWRD6 =
Set bit 11(GAMDIFSW) of FLAGWRD6 =
GAMDOT = O
TSy = = T5,, in range T 180°
ROLLd180 = TS5 - ROLLAPIP + ROLLd180, in range T 180°

TSA = - TS,, in range t 1800
ATFAQ180 = TSA - ALFAAPIP + AILFAd180, in range T 180°
BETAd180 = -~ TSy - BETAAPIP + BETAd180 (no overflow checks)

Release interrupts
VMAGT = |V|
Proceed to address specified by POSEXIT

STARTENT (Entered by setting POSEXIT = "STARTENT" in "P63")

Set bits 9(RELVELSW), 8(EGSW), 7(NOSWITCH) 6(HIND), 5(INRLSW)
and 3(05GSW) of FLAGWRDé =

Set bits 13(ENTRYDSP), 10(GONEPAST), and A4(LATSW) of FLAGWRD6 = 1

LOD = C_y o

bty = Cadpad

ILdDCMINR = KclepZ LAD

KIAT = K TAD
atspe
-
Q7 q7f
FACTOR = (1 - 2728)

1dD = - LAD sgn HEADSUP
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Perform "STARTEN1"

I

LATANG = (unit(V * UNITR))- B,

K2ROLL

Il

- 1 sgn TATANG__ (+0 is +, -0 is -)

Q2 = Kq21 IAD + Kq22
GOTOADDR = "INITROLL"
POSEXIT = "SCALEPOP"

Proceed to "SERVEXIT"
STARTEN1 Entered from "STARTENT" and "NEWRNVN"
GOTOADDR = Return address
Set bit 13(ERADCOMP) of FLAGWRD1 = O
LAT = LATSPL
LONG = INGSPL
ALT = DELVLVCx
ALT =0
TIMEdARTO = Tpptm
TS = TIMEdRTO
Perform "LALOTORV"
By s = unitALPHAY
DTEAROT = Kenogec
Perform "EARROT1"
THETAH = cos™t (R, * UNITR)
Proceed to address specified by GOTOADDR

SCALEPOP Entered due to setting of POSEXIT in '"STARTENT"

Perform "TARGEING'

Proceed to address specified by GOTOADDR
TARGETNG

If bit 9(RELVELSW) of FLAGWRD6 = O:

‘ VEL =K v

kvsc —
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If bit 9(RELVELSW) of FLAGWRD6 = 1:
VEL = - mVREL
UNITV = unitVEL
VSQUARE = IVELJZ
LEQ = VSQUARE - 1
NV = |VEL|
RDOT = VEL -+ UNITR
U5 Ban |pELY | , imited 3 Kynq  (limit effective only if
UNI = unit( VEL * UNITR) Dtp = B
If bit 9(RELVELSW) of FLAGWRD6 = 1:
TS = 0
If bit 9(RELVELSW) of FLAGWERD6 = O:
D=D+ D(RDOT / Kppgoa + Ky D/ NV)
If bit 8(EGSW) of FLAGWRD6 = O:
TS =K, 1, THETAH
If bit 8(EGSW) of FLAGWRD6 = 1:
If N - K .. <0:
Set bit 9(RELVELSW) of FLAGWRD6 = 1

I8 = THETAH / NV

g

DTEAROCT = TS + T ~ TIMEJRTO

pptm
Perform "EARROT2"
LATANG = Ry + UNI
Set bit 8(GONEBYTG) of FLAGWRD7 = O

IF (B # UNITR) * UNI €0, set bit 8(GONEBYTG) of FLAGWRD7 = 1
TS = Ry - UNITR

If TS - Kyq €0:

THETAH = cos™L TS

ENRY-/,



If 15 - K.Y 0

THETAH = K \/ |2 (Ts - 1)|
TS = THETAH

If bit 8 (GONEBYIG) of FLAGWRD7 = O:
S = - TS

RTGON67 = TS

If D - KptOSg < O:
Set bit 3(05GSW) of FLAGWRD6 = O
Return

Set bit 3(05GSW) of FLAGWRD6 = 1

|DELVREF|® - (DELVREF - UXA)°
(DELVREF - UXA)?

TS =

If no overflow has taken place (e.g. \TSlL 1):
1dDCALC = VTS
Return
INITROLL

If bit 5(INRLSW) of FLAGWRD6 = 1:

If RDOT + K ),O

vrcont
DIFFOLD = O

OLEWE = Kav o idD

LEWD = Kooy
GOTOADDR = ”HUNTEST“
Proceed to "HUNTEST"
If (KAT - D) ¢ O, proceed to '"CONSTD"
Proceed to "LIMITL/D"
If bit 3(05GSW) of FLAGWRD6 = O, proceed to "LIMITL/D"
TS = 64 and perform 'NEWMODEX"
ENTRYVN = 067hvn
KAT = Ky o+ LB/ Kygu,y » Limited <K

kalim
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Set bit 10(GONEPAST) of FLAGWRD6 = O ("STARTENT" initialized
this bit to 1)

If NV - vanl <0:

GOTOADDR = "KEP2"

Set bit 5(INRLSW) of FLAGWRD6 = 1  (must be O to get here)

Proceed to "LIMITL/D"
DO = Kka3 LEQ + Kkah (NV at least 27,000 fps to get here)
CdDO = K / DO

cone

Reset overflow indicator
1dD = LAD
TS (rRDOT / NV)° / Kldkm K fin NV‘
If no overflow has taken place since indicator reset:

If TS > 0:

IdD = - ILAD

Set bit 5(INRLSW) of FLAGWRD6 = 1 (must be O to get here)

Proceed to "LIMITL/D"

HUNTEST
Al =
TS = LAD
If RDOT 3, O:
TS = LEWD
V1 = NV + RDOT / TS

40 = (VI® / VSQUARE) (D + RDOTR / (K, , TS))
If RDOT < O:
Al = AO
If 1dD < O:
V1=V1-K

vquit
Proceed to "HUNTEST1"
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HUNTEST1

_ 2

ALP = K, . AO / (LEWD V1<)
FACT1 = V1 / (1 - ALP)

FACT2 = ALP (ALP - 1) / AO

VL = FACT1 (1 - / FACT2 Q7 + ALP )

GAMMAL1 = IEWD (V1 - VL) / VL
If VL -K < 0:
v

Proceed to "PREFINAL'
VBARS = VIR

TS = Kpgy = VL
IF T8 < 0s
GOTOADDR = "HUNTEST™"
Proceed to "CONSTD"
DVL = TS
VSl = Khav

TS = V51 - V1

If TS 3 O
DVL = DVL - TS (i.e. V1 - VL)
Vsl = V1

(1 - Vsl / FACTL )® - ALP
DHOOK = FACT2

AHOOKDV = # (DHOOK / Q7) - K. pk
TS = GAMMAL1 - (AHOOKDV + 1) Ky 1o DVL? / (DHOOK VBARS)

If TS 3 O:

GAMMAL = TS
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If Ts < 0:

(1/3) VL Ts
(1/3) LEWD - (AHOOKDV + 2/3)(K,}opne DVL)/(DHOOK VL)

VL = VL +

(1 - VL / FACT1 )2 - ALP

Q7 =

FACT2
VBARS = VL2
GAMMAL = 0

GAMMAL1 = GAMMAL1 + qu9 (GAMMAL - GAMMAL1)
Proceed to "RANGER"

RANGER

COSG = 1 - & GAMMATR

CPE = \/1 + (VBARS - 2) COSG? VBARS
ASKEP = 2 sin™! (VBARS COSG GAMMAL / CPE )
ASPL = Q2 + Ky VL
ASPUP = (K, , / GAMMAL1) (- log, ((V1% @7)/(40 VBAES»)
ASPDWN = chB RDOT NV /(AO LAD)
ASP3 = Kq5 ( Kq6 ~ GAMMAL)
ASPSpTMp =
pIMp ((ASKEPSP, ASPL,) , (ASPUR_, ASPDUN_ ), ASP3)

DIFF = ASP3 + ASPDWN + ASPUP + ASP1 + ASKEP - THETAH
If |DIFF| - Ko spm < O

TS = 65 and perform '"NEWMODEX'"

Establish "P65.1" (priority 138)

GOTOADDR = "UPCONTRL"

Proceed to address specified b& GOTOADDR

If bit 6(HIND) of FLAGWRD6 = O:

If DIFF } O: (note that polarity of DIFF the opposite
of that in official equation documentation)

DIFFOLD = DIFF

Q7 = Kq7f
GOTOADDR = "HUNTEST"

Proceed to '""CONSTD"
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DLEWD = (DLEWD DIFF) / (DIFFOLD - DIFF)
If DLEWD + LEWD < O:
DLEWD = - % LEWD
Proceed to second previous line (recheck of sum with LEWD)
If overflow has taken place since calculation of DIFF:
LEWD = (1 - 27%8)
DIFFOLD = DIFF
=S
GOTOADDR = "HUNTEST"
Proceed to "CONSTD"
LEWD = DLEWD + LEWD
Change priority of present job to 168 (lower than "SERVICER")
GOTOADDR = "ENDEXTIT"
DIFFOLD = DIFF
Set bit 6(HIND) of FLAGWRD6 = 1
V= Rre
Proceed to "HUNTEST"

P65.1 Established when P65 entered from "RANGER"

Set bit 13(ENTRYDSP) of FLAGWRD6 = O
T8 = 1669vn
Perform "GOFLASHR'": if terminate, proceed to previous line
if proceed, skip next line
otherwise, proceed to previous line
End of job
Set bit 13(ENTRYDSP) of FLAGWRD6 = 1

End of job
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UPCONTRL
If D Kc2l>/ O:

Set bit 7(NOSWITCH) of FLAGWRD6

Ii

1 (reset in "1355")
If NV - V12 0:

Reset overflow indicator

TS = LAD + Kk2d (RDOT + IAD (NV - Vl)) (scaled B8)

TS, = AO VSQUARE / V1% - (V1 - NV)? 14D / Koy (scale BO)
Ts2 = Kkld (D ~ TSl) + TS (scaled B8)

Rescale TS, to scale factor BO

2

If overflow has taken place since indicator reset:
14D = IAD sgn T82
Proceed to "GLIMITER"

1dD = T82
Proceed to "NEGTESTS"

If D-Q7<0:

TS = 66 and perform 'NEWMODEX"
ENTRYVN = 0-622vn
Set bit 13(ENTRYDSP) of FLAGWRD6 = 1
GOTOADDR = "KEP2" :
Proceed to "KEP2"
If RDOT < O:

If NV - VL <0:

- Kcl8
Proceed to "PREFINAL"
If D - A0> O:
IdD = IAD

Proceed to "LIMITL/D"
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VREF = FACT1 (1 - \/D FACT2 + ALP )
RDOTREF = LEWD (V1 - VREF)

TS = VSl - VREF

If T8 2 O
2
Kohone TS~ (1 + TS AHOOKDV / DVL)
RDOTREF = RDOTREF -
DHOOK VREF
T8 =D =K, . (Tag here "CONTINU2")
q7min
Reset overflow indicator
If TS > O: (should not be, since Kq?min = +MAX )

FACTOR = (D - Q7) / (Al - Q7)

TS = FACTOR (Nv - VREF + FACTOR (RDOT - RDOTREF) /K1 dkb) /K mldkb2

(scale BL)
If overflow has taken place since indicator reset:
IdD = IAD sgn TS
Proceed to "GLIMITER"

1r |ts| - k. > o

ptbl

(Kptm + Koyone (|rs| - x

TS = sgn TS

ptbh) )
Rescale TS to scale factor BO
TS = TS + LEWD
If overflow has taken place since indicator reset:
LdD = LAD sgn TS
Proceed to "GLIMITER"
IdD = TS |
Proceed to '"NEGTESTS"
NEGTESTS
If D - K020 < 0:

Proceed to "LIMITL/D"
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Set bit 4(LATSW) of FLAGWRD6 = O
If 1dD < O:

IdD = 0
Proceed to "LIMITL/D"

CONSTD

Reset overflow indicator

TS = CdDO LEQ + K 4 (RDOT + Kops D0 / NV ) (scale B8)
TS, = K14 (D - DO) + TS (scaled B8)
Rescale TS, to scale factor BO

2

If overflow has taken place since indicator reset:

IdD = LAD sgn T82

Proceed to "GLIMITER"

IdD = TS2

Proceed to "NEGTESTS"

KEP2
If Kq?fkdm D < 0:
Proceed to "PREFINAL"
TS, = (ROLLC ROLLHOLD)

tp dp’
If bit 3(05GSW) of FLAGWRD6 = O:

Tstp =0
(ROLLCdp, ROLLHOLD) = Tstp
Proceed to "P62.3" (ENTRYVN set to 0622vn by "UPCONTRL" before
"KEP2" entered, if ' in P66)
PREFINAL
GOTOADDR = "PREFINAL" (for restart considerations)

TS = 67 and perform 'NEWMODEX"
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ENTRYVN = 0666

m
Set bit 13(ENTRYDSP) of FLAGWRD6 = 1
Set bit 8(EGSW) of FLAGWRD6 = 1
GOTOADDR = '""PREDICT3"

Proceed to "PREDICT3"

PREDICT?3
If NV - quuit < 0:
Establish "P67.1" (priority 168)
GOTOADDR = '"P67,2"
Proceed to "P67.2"
JJ = 12
If K - NV__ > O0:
vrfrJJ sp
JJ =JJ - 1 and repeat check
—~ K
Srefrggn T tvetrg
i=JJ
JJ = JJ + 13
F1V = K + GRAD (K - K )
drdai drdai+l drda.i
JJ = JJ + 13
F2V = Kypaq; + OFAD (Kypaq. . = Kardq,)
JJ = JdJ + 13
RDRFV = K 4 + GRAD (Kb, =K o0 )
i 41 Il
JJ = JJ + 13
RTOGOV = K + GRAD (K - K )
rtgo; rtgoi+l rtgo;
Jd = JJ + 13
DREFRV = Karef_ + GRAD (Karef_ - Karef.)
i i+1 i
JJ = JJ + 13
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F3V =K + GRAD (Kd - K

)
rdi+l drdi

drdi
Set TS = DREFRV and DREFRV = O
PREDANG = RTOGOV + F2V (RDRFV - RDOT) + F1V (Dsp + TS)
TS = PREDANGyp, - THETAH
If bit 10(GONEPAST) of FLAGWRD6 = 1:
I1dD = - LAD
Proceed to "GLIMITER"
If bit 8(GONEBYIG) of FLAGWRD7 = 1:
Set bit 10(GONEPAST) of FIAGWRD6 = 1
DNRNGERR = Kmaxrng
14D = - LAD
Proceed to "GLIMITER"
DNRNGERR = TS
Reset overflow indicator
TS = - 4 DNRNGERR / F3V
If overflow has taken place since indicator reset (ITSI).l):
14D = ILAD sgn TS
Proceed to "GLIMITER'"
TS = TS + LOD
e L] DYE
IdD = IAD sgn TS
Proceed to "GLIMITER"
IdD = TS

Proceed to "GLIMITER'"
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GLIMITER
TS =K, 4o - D
If TS 0:

Proceed to "LIMITL/D"

TS =TS + K 12
If TS <O0:
IdD = LAD

Proceed to "LIMITL/D"

I
CPX = \/KZhs TS (K)ggme LEQ + LAD) +K / VSQUARE

2hsgmxq
If CPX + RDOT ) O:
Proceed to "LIMITL/D"
IdD = IAD
Proceed to "LIMITL/D"
LIMITL/D
LdD1 = IdD
If bit 10(GONEPAST) of FLAGWRD6 = 1: (also set in "STARTENT" and
reset in "INITROLL" after
Proceed to '"I355" 0.05G sensed)
CPY = KLAT VSQUARE  + Kotbias
If |1aD{ - LADCMINR > 0:
If TIATANG sgn K2ROLL < O:
LdD1 = LdDCMINR sgn 1dD
Proceed to "L355"
CPY = % CPY
If LATANG sgn K2ROLL - CPY < O:

Proceed to "L355"
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If bit 7(NOSWITCH) of FLAGWRD6 = 1: (set by "UPCONTRL")
Set bit 7(NOSWITCH) of FLAGWRD6 = O
Proceed to '"L355"

K2ROLL = - K2ROLL
Proceed to "L355n

1355

TS = 1dD1 / LAD, with magnitude limited < 1 (due to interpreter
divide order)

Set bit 7(NOSWITCH) of FLAGWRD6 = O
ROLLC = (cos > TS) sgn K2ROLL
Proceed to "ENDEXIT"
ENDEXIT
If bit 13(ENTRYDSP) of FLAGWRD6 = 1:
TS = ENTRYVN
Perform "REGODSPR'"
Proceed to "SERVEXIT" (after special check for new job)

P67.1 Established by "PREDICT3"
TS = 1667
vn
Proceed to "GOFLASH": if terminate, proceed
if proceed, proceed
otherwise, proceed to previous line
Set bits 2(CMDSTBY) and 1(GYMDIF) of FLAGWRDé = O
AVEGEXIT = "SERVEXIT"
Proceed to "GOTOPOOH"
P67.2
Set bit 13(ERADCOMP) of FLAGWRD1 = O
ALPHAV = R
TS = Tpptm
Perform "LAT-LONG"

Proceed to "SERVEXIT"
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Quantities in Computations

See also list of major variables and list of routines

Al: Value of drag (set to D or AO in THUNTEST") used to compute FACTOR,
scale factor BO, G-units (25 g's).

AHOOKDV: Term in GAMMAL calculation (equal to AHOOK DVL), scale factor
Bl .

AIGAPIP: See General Program Control.

ALFAd180: Single precision angle, program notation "ALFA/180", giving
the third Euler angle of the CM attitude (about UBY in "pitch"),
scale factor B-1, units revolutions.

ALFAJPIP: See General Program Control.

ALP: Quantity used to compute VREF in "UPCONTRL'" (and computed itself
in "HUNTEST1", where it is also used), scale factor BO.

ALPHAV: See Coordinate Transformations.

ALT: See Display Computations: discussion concerning loading with
DELVLV'CX also applicable to "STARTEN1'",

AMGAPIP: See General Program Control.

AO: Initial drag for "UPCONTRL'", scale factor BO, G-units (25 g's).

AOGdPIP: See General Program Control.

ASKEP: Value of "Kepler range', scale factor BO, units revolutions,
stored in push-down list location OD. A single precision value is
available in the ASKEP cell itself for generating telemetry data.

ASP1: Value of '"final phase'" range, scale factor BO, units revolutions,
stored in push-down list location 2D. A single precision value is
available in the ASP1 cell itself for generating telemetry data.

ASP3: Value of "gamma correction', scale factor BO, units revolutions.

ASPDWN: Value of "range down to pull-up", scale factor BO, units
revolutions, stored in push-down list location 6D. A single
precision value is available in the ASPDWN cell itself for
generating telemetry data.

ASPSpTMp: "Vector" information loaded for telemetry purposes (see

N"RANGER" for format). Cells loaded are the same as those used for
WBODY (RCS DAP) and OMEGAC (TVC DAP); program notation "ASPS(TM)".
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ASPUP: Value of "up-range', scale factor BO, units revolutions, stored
in push-down list location 4D. A single precision value is
available in the ASPUP cell itself for generating telemetry data.

AVEGEXIT: See General Program Control.

BETAd180: Single precision angle, program notation "BETA/180",
giving the second FEuler angle of the CM attitude (about
UXA % UBY in "yaw"), scale factor B-l, units revolutions.

BETAdPIP: See General Program Control.

Cadpad: Single precision erasable memory constant, program notation
"LADPAD", scale factor BO, used to initialize LAD in "STARTENT".

odpad Single precision erasable memory constant, program notation
"LODPAD", scale factor BO, used to initialize LOD in "STARTENT".

C

C

Cunitw? See General Program Control.

CdDO: Value of K, / DO, computed in "INITROLL" and used in "CONSTD",
scale factor BE.

COSG: Approximation to value of cos GAMMAL, scale factor BIl.
COSTH: See Coordinate Transformations.
CPE: Value of eccentricity, scale factor B2 (stored in push-down list).

CPX: Value of intermediate quantity used in "GLIMITER", scale factor
Bl, V-units (see NV).

CPY: Value of lateral miss limit, scale factor B2, units of radians.

D: Value of total acceleration, scale factor BO, G-units (25 g's).

DELVIVC: See Burn Control (and ALT).

DELVREF: See General Program Control.

DHOOK: Quantity used in computation of GAMMAL, scale factor BO.

DIFF: Difference between predicted and actual expected range, scale
factor BO, units revolutions. Note that polarity of program
definition is the reverse of that in official equation documentation.

DIFFOLD: Previous value of DIFF, scale factor BO, units revolutions.

DLEWD: Computed desired change in LEWD, scale factor BO.
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DNENGERR: Difference between predicted angle of travel and actual angle
to target (i.e. PREDANG - THETAH) computed in "PREDICT3", scale
factor BO, units revolutions, provided that bit 10(GONEPAST) of
FLAGWRD6 = 0. If bit is set 1, DNRNGERR is set to Kmaxrn (and
not subsequently loaded) in P67. g

DO: Value of "controlled constant D', scale factor BO, G-unils
(25 g's).

DREFRV: Value of Karef table for present NV, same scaling as K_ .. p-

DTEAROT: See Coordinate Transformations.
DVL: Value of (VS1 - VL), scale factor Bl, V-units (see NV).

ENTRYVN: Single precision cell loaded with verb-noun pattern (in
proper format) for use in "ENDEXIT" for entry display.

F1V: Value of Kipqq table for present NV, same scaling as Kdrda'

F2V: Value of Kdr table for present NV, same scaling as Kdrdd'

dd

F3V: Value of Kdrd

FACT1: Value of quantity computed in "HUNTEST1", scale factor BI1,
V-units (see NV).

table for present NV, same scaling as Kdrd'

FACT2: Value of quantity computed in "HUNTEST1", scale factor BO.

FACTOR: Quantity used in "UPCONTRL" (initialized to 1 in "STARTENT"),
scale factor BO.

GAMA: Single precision angle computed in "CM/POSE", scale factor BO,
units revolutions, used to compute (by forming first difference
with previous value) GAMDOT.

GAMDOT: Rate of change of GAMA per 0.1 second, scale factor B-1, units
revolutions. Set to zero if magnitude is less than Kgypy.

GAMMAL: Value of "flight path angle at VL", scale factor BO, units
radians.

GAMMALL: Value of "simple form of GAMMAL", scale factor BO, units
radians. Stored in push-down list location 22D.

GOTOADDR: Single precision cell used to contain the starting address
of the computations performed after "SCALEPOP" is performed, and
used to control the phases of the entry computations. Prior to
start of entry computations, used as storage for return address
information.

GRAD: Single precision 'gradient" of present velocity with respect to

a table value, scale factor BO, used to permit linear interpolation
in "PREDICT3",
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HEADSUP: See Entry Preparation.

JJ: Single precision indexing parameter used in "PREDICT3", scale factor
Bly. It is incremented by 13 to select the next set of tabular
information within an index loop (the incrementing is shown because
the quantity is on the downlink).

Kld — Constant, program notation "1/GMAX", scale factor B-2, units
™ot g=1. Value is 0.5, corresponding to (1/8) x 22, where first
term is reciprocal of "GMAX" and second is scale factor.

Kldkhhz Constant, program notation "1/KLL", scale factor B-1, units
of (1/V-units). Stored value is 0.0026092946, corresponding
to (1/19749550) x 25766.1973 x 21, where first term is reciprocal

of "KL4" (in units of fps), second is V-unit conversion, and third
is scale factor.

Kldkal: Constant, program notation "1/KA1", scale factor B6, units of
G-units (25 g's) regiprocal. Value is 0.30048077, corresponding
to (1/1.3) x 25 x 270, where first term is reciprocal of "KAIM

(in units of g's), second is G-unit conversion, and third is the
scale factor.

Kldkb: Constant, program notation "1/KBl", scale factor BO, value
0.400., Value corresponds to (1/2.5), or the reciprocal of
the value of "KB1'",

K2 hs' Constant, program notation "2C1HS", scale factor B2, value
©050.0215983264. Value corresponds to 2 x (1.25) x 28500 x 805
x (25766.1973)7% x 2'2, where first term is equation factor of
2, second is value of Cl, third is value of HS, fourth converts
answer from fp52 to G-units (of 25 g's @ 32.2 fps? = 805 fps<),
fifth converts velocity to fps from V-units, and sixth is scale
factor.

Kong: Constant, program notation "2HS", scale factor B2, value
0.0172786611. Value corresponds to 2 x 28500 x 805 x
(25766.1973)7° x 272, where terms (except for the omission of
the 1.25 factor for C1l) have analogous significance to those
for K2Ch8'

K2hsgqu: Constant, program notation "2HSGMXSQ", scale factor B4,
value 3.05717E-5. Value corresponds to the square of:
(2 x 28500 x 8 x 32.2 x (25766.1973)7° x 2"%l where first
term is equation factor of 2, second is value of HS, third is
value of GMAX (in g's), fourth converts GMAX to fpsé, fifth
converts V-units to fps, and sixth is square root of scale factor.

K25 : Constant, program notation "25NM", scale factor BO, units
revolutions. Value is 0.001157407L, corresponding to
25 x (1/21600), where first term is "basic" value and second
converts from nmi to revolutions (it is the reciprocal of

3437.7468 x 21T , or 60 x 360 for 60 nmi/degree).
K5OOsec: Constant, program notation "500SEC'", scale factor B28, units

centi-seconds. Value is 50000 x 2’28, corresponding to 500
seconds.
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: Single precision set of constants, scale factor BO, G-units
(of 25 g's). To convert to fpsz, multiply table entries by
32.2 x 25 = 805. Table starts at "VREFER +65". See below.

Karef

: Constant, program notation "LATBIAS", scale factor B2, value
0.00003, units radians. Corresponds to 0.00012 radians, or
(multiplying by 3437.7468) 0.412529616 nmi.

Katbias

Kats : Constant, program notation "LATSLOPE", scale factor B-1, value
P® 0,083333." Value corresponds to (1/12) x 27+, or (1/24).

KC12: Constant, program notation "C12", scale factor B-5, value
0.0068,572901. Value corresponds to 28500 x (1/21 202 900) x
(1/27T) x 25, where first term is HS, second is reciprocal of
RE in feet (standard '"entry radius"), third converts from radians
to revolutions, and fourth is scale factor.

K.1g: Constant, program notation "c18", scale factor Bl, V-units (see
NV). Value is 0.0097026346, corresponding to 500 x (1/25766.1973)
x 27+, where first term is '"basic!" value (in fps), second converts
to V-units, and third is scale factor.

K 50" Constant, program notation "C20", scale factor BO, G-units (of
€< 25 g's). Value is 0.26086957, corresponding to 210 x (1/805),
where first term is "basic" value (in fps?), and second is

conversion to G-units.

K Nk Constant, program notation "C21", scale factor BO, G-units
Gt (of 25 g's). Value is 0.17391304, corresBonding to 140 x (1/805),"
where first term is 'basic" value (in fps®), and second is
conversion to G-units.

K : Constant, program notation "CHOOK'", scale factor Bi, value

hk - ; ; ;
. 279, corresponding to 0.25 x 2 A, where first term is 'basic'
value and second is scale factor.

hone Constani, program notation '"CH1'", scale factor B-4, value

g 0.32 x 2-. Value corresponds to 1.0 x (1/25) x 24, where
first term is the "basic" value, second converts to G-units, and
third is scale factor.

K : Constant, program notation "COOl", scale factor B, value

COne—O.OOOéZS. Value corresponds to (-1) x (1/25) x 27°, where
first term is "basic" value, second converts to G-units, and

third is scale factor.

: Constant, program notation "COS15", scale factor BO, value

KcslSpZ .
0.965. Value corresponds to cosine 15.2 degrees.

Kdlede: Constant, program notation "DLEWDO", scale factor BO, value
-0,05.
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K -t Single precision set of constants, scale factor B-3, units
revolutions. Multiply table entries by 21600 x 273 = 2700 to
convert to nmi. Table starts at "VREFER +78". See below.

qrda’ Single precision set of constants, scale factor B-3, units

revolutions/G-unit. Multiply table entries by 2700/805 to
convert to units of nmi/fpsz. Table starts at "VREFER +13".

See below.

K

Kirdad: Single precision set of constants, scale factor B-1, units
revolutions/V-unit. Multiply table entries by 10800/25766.1973
to convert to units of nmi/fps (10800 = % 21600). Table starts
at "VREFER +26". See below.

Kewdl: Constant, program notation "LEWD1", scale factor BO, value 0.15.
K : Single precision constant, program notation "FIVE", scale factor
B-1, units revolutions per 0.1 second. Value is 5 x 27,

corresponding to a rate of about 0.5493 degrees/second.

K o Constant, program notation "GMAX/2", scale factor BO, G-units.
gt Value is 0.16, corresponding to 3 x 8 x (1/25), where first
term gives equation factor of %, second is GMAX (in g's), and third
converts to G-units (of 25 g's).

K, y: Constant, program notation "HALVE", scale factor Bl, units
V-units. Value is 0.5, corresponding to 25766.1973 fps (one
V-unit), i.e. "VSAT".

Kkld: Constant, program notation "K1D", scale factor B8, value

0.0314453125. Value corresponds to 0.01 x 805 x 2'8, where
first term is "basic" value (corresponding to “Clé”), second
converts to fpsz, and third is scale factor.

Kk2d: Constant, program notation "K2D", scale factor B7, value
-0.402596836. Value corresponds to (-1) x 0.002 x
25766.1973 x 277, where first term is equation factor, second
is "pasic" value ("C17"), third converts from V-units to fps,
and fourth is scale factor.

Kyap: Constant, program notation "KA2", scale factor BO, G-units.
Value is 0.008, corresponding to 0.2 x (1/25), where the
first term is "basic!" value (in g's) and second converts
to G-units of 25 g's.

KkaB: Constant, program notation "KA3", scale factor B-2, G-units.
Value is 0.44720497, corresponding to 90 x (1/805) x 22, where
first term is "basic" value (in fps<), second converts to
G-units, and third is scale factor.

KkaA: Constant, program notation "KAL'", scale factor BO, G-units.
Value is 0.049689441, corresponding to 4O x (1/805), where
first term is "basic" value (in fps*), and second converts
to G-units.
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: Constant, program notation "KACOS", scale factor B5, value
kacs 2 A (1/2“ ) =5,
0.004973592, corresponding to X

Kk 1im’ Constant, program notation "KALIM", scale factor BO, G-units.
- Value is 0.06, corresponding to 1.5 x (1/25), where the first term
is "basic'" value (in g's) and second converts to G-units of 25 g's.

Kkasc: Constant, program notation "KASCALEL'", scale factor B-13, value
0.97632358. Value corresponds to 0.0585 x (1/0.3048) x (1/805) x
L x 2%, where first term is accelerometer scale factor (meters/
second per count), second converts to feet, third converts to
G-units, fourth compensates for the two-second accelerometer
sampling cycle, and fifth is scale factor.

chB: Constant, program notation "KC3", scale factor B-2, value
-0.0247622232. Value corresponds to 5-1) x (1/21 202 900) x
(1/247) x (25766.1973)% x (1/805) x 22, where first term is
"equation" value, second is reciprocal of RE in feet ("entry
radius"), third converts to revolutions, fourth converts
V-units to fps, fifth converts to G-units, and sixth is
scale factor. :

Kktl: Constant, program notation "KT1l", scale factor B29, value 15.7788327
x 27, Value corresponds to (21 202 900) x (1/25766.1973)
x 100 x 2T x 2‘29, where first term is RE ("entry radius"),
second converts V-units, third converts to centi-seconds,
fourth converts THETAH to radians, and fifth is scale factor.

K : Constant, program notation "KTETA", scale factor B28, value
kteta > PTOSE 2 3 2 o8
38.3495203 x 27"+, Value corresponds to 107 x 100 x 2W x 27°°,
where first term is "basic" value, second converts to centi-seconds,
third converts THETAH to radians, and fourth is scale factor.

Kkvsc: Constant, program notation "KVSCAIE", scale factor B-6, value
0.8J49194,. Value corresponds to (1/25766.1973) x 100 x (1/0.3048)
x 2°, where first term is one V-unit (in fps) conversion, second
converts from centi-seconds to seconds, third converts from
meters to feet, and fourth is scale factor.

K, : Constant, program notation "KWE", scale factor BO, value
0.120056652 x 2=L1, Value corresponds to 1546.70168 x
(1/25766.1973), where first term is value in fps (corresponds to
radius of 21 210 605 feet for a period of 86164.10 seconds) and
second converts to V-units.

K : Constant, program notation '"MAXRNG", scale factor BO, units
MaXINE evolutions. Octal value is 16631, 06755, corresponding to
about 0.46247666 revolutions. Value selectéd so that noun display
of DNRNGERR for this information will be +9999.9 nmi (DSKY noun
conversion factor is 27T x 6,373,338 meters = 21622.4965 nmi/rev).

: Constant, program notation n_1/KB2", scale factor B-3, value
el -0.0077621078 x 24, Value corresponds to (-1) x (1/0.0025) x
(1/25766.1973) x 23, where first term is equation factor, second
is reciprocal of basic constant ("KB2"), third converts V-units,

and fourth is scale factor.

K
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Kmhsca: Constant, program notation "-HSCALED", scale factor Bl, value
-0,55305018. Value corresponds to (-1) x 28500 x (1/25766.1973)
x 27, where first term is equation factor, second is value of HS,
third converts V-units, and fourth is scale factor.

Kmksc: Constant, program notation '"-KSCALE", scale factor Bl, value
—0.9312A2h837. Value corresponds to (-2) x 805 x (1/25766.1973)
x 27+, where _first term is "equation" value, second converts G-
units to fps®, third converts V-units to fps, and fourth is
scale factor.

Kmkvsc: Constant, program notation "-KVSCALE", scale factor B-6, value
—0.81491944, or = Ky qo-

Kmnd: Constant, Brogram notation "1BITDP", scale factor BO, G-units.
Value is 27 8, corresponding to about 107 g.

an: ConstamiZL program notation "NEAR1/L", scale factor B2, value
(4 - 27%). Value corresponds to (1 - 271%), or about 0.99976,
i.e. cos 1#°.

Kpt05g: Constant, program notation ".05G'", scale factor BO, G-units.
Value is 0.002, corresponding to 0.05 x (1/25), where first
term is "basic" value (in g's), and second converts to G-units

(of 25 g's).
Kptbh: Constant, program notation "PT1/16", scale factor Bl, value
0.1x 2‘4, corresponding to a "basic!" value of O.1.

K Constant, program notation "POINT1'", scale factor BO, value O.1.

ptone*

Kq3: Constant, program notation "Q3", scale factor B-1, value
0.167003132. Value corresponds to 0.07 x 25766.1973 x (1/21600)
x 21, where first term is "basic" value (in units of nmi/fps),
second converts V-units, third converts to revolutions, and
fourth is scale factor.

5 Constant, program notation "Q5", scale factor BO, value
9" 0.326388889. Value corresponds to 7050 x (1/21600), where
first term is "basic" value (in units of nmi/rad, corresponding
to 0.3 x 23500) and second converts from nmi to revolutions.

K 6 Constant, program notation "Q6", scale factor BO, units radians.
q Value is 0.0349, or about 2°.
K .-t Constant, program notation "Q7F", scale factor BO, G-units. Value

UL g 0.0074534161, corresponding to 6 x (1/805), where first term
is "basic" value (in fps<), and second converts to G-units.

Kq?fkdm: gonstant, program notation "Q7FKDMIN", scale factor BO, G-
units. Value is 0.0080745342, corresponding to 6.5 x (1/805),
where first term is 'basic" value (in fps<), and second converts
to G-units.
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K : Constant, program notation "Q7MIN", scale factor BO, G-units.
q'fmin 8
Constant is (1 - 2728), corresponding to about 25 g's (to disable
the check in "UPCONTRL" to recompute FACTOR), or 805 fpsz.

qu9: Constant, program notation "Q19'", scale factor BO, value 0.5.
K Nk Constant, program notation '"Q21'", scale factor BO, units
=% revolutions. Value is 0.162037037, corresponding to 3500 x
(1/21600), where first term is '"basic" value (nmi), and second
converts to revolutions.

K ,,: Constant, program notation '"Q22'", scale factor BO, units
revolutions. Value is -0.092222222, corresponding to -1992 x
(1/21600), where first term is "basic" value (mmi), and second
converts to revolutions.

Krdtr: Single precision set of constants, scale factor B-2, V-units.
Multiply table entries by (% x 25766.1973) to convert to fps.
Table starts at "VREFER +39"., See below.

Krtgo: Single precision set of constants, scale factor B-3, units of
revolutions. Multiply table entries by 2700 (i.e. 273 x 21600)
to convert to nmi. Table starts at "VREFER +52". See below.

KS - Single precision constant, program notation "SPVQUIT'", scale
PVAeactor Bl, V-units. Octal value is 00476g, corresponding to
about 1000.2 fps.

Ktcdu: Single precision constant, program notation "TCDU", scale factor
B-1, value O0.1. Value corresponds to £x0.1x 21, where first
term reduces angle rate from units of computing cycles (2 seconds)
to seconds, second is "basic" value (to determine angle increment
per 0.1 second), and third is scale factor.

Ko pip: Constant, program notation "VFINAL", scale factor Bl, V-units.
Value is 0.51618016, corresponding to 26600 x (1/25766.1973)
X 2‘1, where first term is "basic" value (in fps), second converts
to V-units, and third is scale factor.

K en1t Constant, program notation "VFINAL1", scale factor Bl, V-units.
alue is 0.523942273, corresponding to 27000 x (1/25766.1973)
x 2'1, where first term is "basic" value (in fps), second converts
to V-units, and third is scale factor.

K__. : Constant, program notation "VMIN", scale factor Bl, V-units.
alue is 0.25, corresponding to a velocity of % (25766.1973) fps,
or about 12883.1 fps.

K : Constant, program notation "VIMIN", scale factor Bl, V-units.
Valui is 0.34929485, corresponding to 18000 x (1/25766.1973)
x 27", where first term is "basic'" value (in fps), second converts
to V-units, and third is scale factor.
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quuit: Constant, program notation "VQUIT", scale factor Bl, V-units.
Value is 0.019405269, corresponding to 1000 x (1/25766.1973)
x 2‘1, where first term is "basic" value (in fps), second converts
to V-units, and third is scale factor.

Kypecont: Constant, program notation "VRCONT", scale factor Bl, V-units.
Value is 0.0135836886, corresponding to 700 x (1/25766.1973)
x 2-1, where first term is "basic" value (in fps), second converts
to V-units, and third is scale factor.

K,prfpt Single precision set of constants, scale factor Bl, V-units.
Multiply table entries by (2 x 25766.1973) to convert to fps.
Table starts at "VREFER". See below.

K2ROLL: Quantity, scale factor BO (only the sign is used, with quantity
initialized to a non-zero magnitude in "STARTENT"), used to determine
sign of ROLLC (used for lateral control).

KAT: Quantity, scale factor BO, G-units, computed in "INITROLL" the first
cycle that D is not less than K and used as the '"drag to
: : ptO5g>
1ift up if down'.
KLAT: Value of lateral switch gain computed in "STARTENT", scale
factor BO.

LAD: Value of "maximum L/D (minimum actual vehicle L/D)" initialized

in "STARTENT" from Cadpad’ scale factor BO.

IAT: See Coordinate Transformations.

LATANG: Value of 'lateral range', scale factor B2, units radians. Program
notation also "XRNGERR'",

LATSPL: See Display Computations.

1dD: Value of "desired lift-to-drag ratio (vertical plane)'", scale factor
BO. Program notation "L/D".

1dD1: Value of IdD used to compute ROLLC (set to IdD at start of "LIMITL/D",
and perhaps subsequently changed), scale factor BO.

IADCALC: Value of L/D computed in "TARGEING" (for telemetry purposes
only), scale factor BO. Uses same cell as TTE (see Display
Computations). Program notation "L/DCALC".

LdDCMINR: Value of IAD cos 15.2O computed in "STARTENT'", scale factor BO.
Program notation "L/DCMINR".

1EQ: Value of (VSQUARE - 1), scale factor B2, units of gravity (divide
by 25 to convert to G-units).

LEWD: Value of "UPCONTRL' reference L/D, scale factor BO. Updated in
"RANGER" and initialized in "INITROLL".

ENRY-26



INGSPL: See Display Computations.

LOD: Value of "Final Phase L/D" loaded in "STARTENT", scale factor BO,
from C .
odpad

LONG: See Coordinate Transformations.

mVREL: Complement of relative velocity, program notation "-VREL", scale
factor Bl, V-units. Computed in '"CM/POSE".

NV: Magnitude of VEL (velocity normalized by satellite velocity of
25766.1973 fps), scale factor Bl, V-units. Program notation "V'.
One V-unit, i.e. 25766.1973 fps, corresponds to \lf~7RE, where
RE = 21 202 900 (300 000' above 2.09029E7 feet).

OLDUYA: Previous value of UYA saved in "CM/POSE", scale factor BIl.

POSEXIT: Single precision exit address from "CM/POSE". Set to "P62.3"
at start of "P62'"; set to "STARTENT'" in "P63"; and set to "SCALEPOP"
(the normal beginning of the entry computations) in "STARTENT".

PREDANG: Single precision value of '"predicted range' computed in
"PREDICT3", scale factor B-3, units revolutions (one revolution
is 21600 nmi). Terms are double precision if possible.

Q2: Value of final-phase ranging information used in "RANGER'" to compute
ASP1, scale factor BO, units revolutions. It is initialized in
"STARTENT" based on the specified value for ILAD.

Q7: Value of minimum drag for "UPCONTRL", scale factor BO, G-units.
Initialized in "STARTENT".

Ri» B See Coordinate Transformations.

it
RDOT: Value of altitude rate, scale factor Bl, V-units.

RDOTREF: Value of reference RDOT computed in "UPCONTRL", scale factor
Bl, V-units.

RDRFV: Value of K,yt, table for present NV, same scaling as Krdtr'

ROLLC: Value of roll command output of equations, scale factor BO,
units revolutions.

\

ROLIA180: Single precision angle, program notation "ROLL/180", giving
the first Euler angle of the CM attitude (about UBX in "roll"),
scale factor B-l, units revolutions.

ROLIAPIP: See General Program Control.
ROLLHOLD: See Digital Autopilot Entry Routines.
RTGON67: Value of THETAH (with negative sign if not yet past target)

loaded in "TARGETNG" for use with nouns 6l and 67, scale factor
BO, units revolutions. Program notation also "RTGON6L'".
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RTOGOV: Value of K table for present NV, same scaling as K

rtgo rtgo:

SINTH: See Coordinate Transformations.
THETA: See Coordinate Transformations.

THETAH: Value of "desired range" (angle between present position vector
and appropriately rotated target vector), scale factor BO, units
revolutions.

TIMEARTO: Value of computer time for which R,. is valid, scale factor
B28, units centi-seconds. Loaded in ”S%kRTENl”, with program
notation "TIME/RTO".

UBX, UBY, UBZ: Unit vectors, scale factor Bl, computed in "CM/POSE" .
They define the "body axis triad" in reference coordinates: if
all three gimbal angles are zero, UBX = unitX [BEFSMMAf] etc;
otherwise, the sequence is about y,z,x axes (1nner, middle, and
outer respectively) to go from platform to body axes.

UNI: Unit vector, scale factor Bl, giving the "normal to the trajectory
plane'.

UNITV: Unit VEL vector, scale factor BIl.

UXA, UYA, UZA: Unit vectors, scale factor Bl, computed in "CM/POSE".
They define the "trajectory triad'" in reference coordinates.
UXA is in the direction of mVREL; UYA is in the direction of
v % r (left constant if magnltude of mVRhL is less than Kq spvq ),
and UZA completes the right-handed coordinate system (in direction
of UYA * v). Note that UXA corresponds to '"- UVA" and UZA
corresponds to "UNA".

V1l: Value of initial velocity for "UPCONTRL", scale factor BI,
V-units.

VBARS: Value of VL2, scale factor B2 (since VL in units of VSAT, no
explicit division by VSAT is necessary to obtain VBARS).

VEL: Value of velocity used in entry computations (inertial or relative),
scale factor Bl, V-units.

VL: Value of exit velocity for "UPCONTRL", scale factor Bl, V-units.

VMAGI: Magnitude of V computed at the end of "CM/POSE", scale factor
B7, units meters/centi-second, computed for display purposes.

VREF: Value of reference velocity for "UPCONTRL", scale factor B1,
V-units.

VS1l: Value of the lesser of V1 or Khav (V-unit factor), scale factor BI,
V-units.

VSQUARE: Square of NV, scale factor B2(cf. discussion on VBARS) .
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Constants used in "PREDICT3" Reference
Table

I

erfr Kdrda Kdrdd Krdtr rtgo Karef Kird

Stored Values

Multig%y Multig%y

.0159061 238148
.0159061  ,29,18

.007950 .558519
.007950 .558519

11 .456023 =-.99999 -5.813617
12 .67918 -.99999 -5.813617

by 2 by 2

0 .019288 -.010337 -.0478599 -.0134001  .00137037-.051099 .00LL91
1 .040809 =.016550 =-.0683663  —=.013947 .00385185~.07453), .008081
2 .076107 =-.026935 =-.1343468 -.013462 .00874074~.1012,2 .016030
3 .122156 =-.042039 =-.2759846 -.011813 .017148 =-.116646 .035815
L .1655L6 -.05897L4 =.4731437  -.0095631 @ .027926 -.122360 .069422
5 .196012 -.070721 =.6472087 -.00806946 .037 -.127081 .104519
6 .271945 -.098538 =1.171693 -.006828 .063296 -.147453 .122

7 .309533 -.107482 -1.466382 -.008069L6 .077889 -.155528 .172407
8 .356222 -.147762 -1.905171 -.0109791 .098815 -.149565 .252852
9 .404192 -.193289 -2.547990 -.0151496  .127519 -.118509 .363148
10 .448067 =-.602557 =4.151220 -.0179817  .186963 -.034L907 .512963

O RTIOMEW D H O

344 .26 -95.42  980.53
50477 -28.10 1384.9.

20828.1 -.64833
10 23089.6 - -2.0209 .

13349 -780.
21752 -926.

(9 fighres)
Basic Values

993.9 -.03460 -.002507 -690.4 3.63 -41.12 12.19
2104.2 -.0554,8 -.003582 =718 10.38 -59.99 21.75 .
3922.1 -.09028 -.007035 -693.5 23.57 -81.51 L3 .31
6293.7 -.14,105 -.01L454 -608.6 46.31 -93.89 96.73
8530.0 =.19775 .024790 -4,92.6 75,48 -98.56  187.37
10099.5 =.23726 .033898 -416.0 99.87 -102.30 282.13
14015.4 =.33041 .061399 -351.9 170.89  -118.71 329.43
15949.8 =.36050 .076826 -416.0 210.28 =125.19 L465.55
18355.9 -.49561 .099825 -565.8 266.80 -120.38  682.75

8

(i

LI R T R N D B B |

11 23498.4, =3.3538 .30459 -819. 643 .03 -6.39 1508.0,
12 35000.8 -3.3538 30459 -819.7 794.31 -6.39 1508.04
"VREF" "DR/DA" "DR/DRDOT" "“RDOTREF"  "RTOGO"  "DREFR" "DR/DL/D"
fps nmi/fps?  nmi/fps fps nmi. fps® nmi.

The '"Basic Values" were obtained by converting the octal memory
information into the corresponding decimal values %using the appropriate
scaling information), and therefore differ slightly from the results that

would be obtained by multiplying the (nominal) "Stored Values" by the same
scaling information.
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Entry Preparation

P61l
EXTVBACT = 20000 (lock out other extended verbs)
HEADSUP = -1
Perform "S61.1"
TS = 0661
vn
Perform "WNFLASHR": (if terminate, proceed to '"GOTOPOOH")
if proceed, skip next line
otherwise, proceed to previous line
End of job
If HEADSUP > O:
ROLLC = Kbtlh
If HEADSUP = +0 or if HEADSUP < O: (ROLLC not loaded for -O HEADSUP)
ROLLC = K ( [HEADSUP| -1), limited 2+0  (i.e. O if HEADSUP
EXTVBACT = ZOOOO8
Proceed to "NEWRNVN"
NEWRN VN
i, = Tpptm

Perform 'STARTEN1"

Set bit 3(05GSW) of FLAGWRDé = O

v v

-one -

UNI = unit (V___ % URONE)
one

If (MM - Tpptm) < 0:
Proceed to '"NEWRNVN'" (an Average-G update has occurred)

Perform "S61.2"
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Perform "CLEARMRK" (resets EXTVBACT to O)

TS = 0660
m
Proceed to "VNFLASH": (if terminate, proceed to "GOTOPOOH'")

if proceed, proceed
otherwise, proceed to previous line

TS = 1663vn

Proceed to '"GOFLASH": if terminate, proceed to '"GOTOPOOH"
if proceed, skip next 2 lines
otherwise, proceed

EXTVBACT = ZOOOO8

Proceed to "NEWRNVN'

TS = 62 and perform "NEWMODEX"
DNLSTCOD = 1

Proceed to "P62"
Pé2
Perform "S61.1"
POSEXIT = "P62,3"
Imﬁhimﬂmms(mﬁlmh%m,mmmem”WﬁHEU

TS = 8192 + 8192 + TIMEL - (least significant half of T " 3
pptm
modulo 1638/
)

(equivalent to Tnow - Tpptm

If (TS - 5)> O:

TS =TS - 10 and repeat check(proceed to previous line)
TS = |TS - 5] , limited 3 1 centi-second
CMAGYMDT = TS

Call "READGYMB" in TS centi-seconds (5 cs out of phase with
"READAGCCS')

Set bits 13(ENTRYDSP), 12(CMDAPARM), 11(GAMDIFSW), 3(05GSW), and
1(GYMDIF) of FLAGWRD6 = O

Set bits 4(LATSW) and 2(CMDSTBY) of FLAGWRD6 = 1
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BETAd180 = O

SWANDX = 1

Release interrupts

AVEGEXIT = "CM/POSE" (Tag here "P62.2")

TS = OOOhl8

Perform "GOPERFIR": if terminate, proceed to "GOTOPOOH"
if proceed, skip next line
otherwise, proceed to previous line

End of job

Proceed to '"CM/DAPON" (returns to "P62.1")

Pé2.1

TS = 0661
vn

Proceed to "GOFLASH": if terminate, proceed to previous line
if proceed, proceed
otherwise, proceed to previous line

If HEADSUP > O:

= that, contrary to "P61", low half
ROLLCsp Kbtlh (note that, c v s low half

If HEADSUP = +0 or if HEADSUP < O: (ROLLC not loaded if HEADSUP -0)

ROLLC_ =K (\HEADSUP| - 1), limited 3, +0 (i.e. O if

p HEADSUP = -1)
ALFACOM = C_y oo o
BETACOM = 0
P63FLAG = 1

ENTRYVN = 0622
vn
Set bit 13(ENTRYDSP) of FLAGWRD6 = 1
If bit 1 of CMDAPMOD = 1, End of job (CMDAPMOD = -0 or +1)

Proceed to '"P63" (CMDAPMOD = +0; the -1 value should not exist
. at this point)
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P62.3  (address set in "P62" into POSEXIT; entered from "KEP2'")

Idc = UYA cos ROLLC + UZA sin ROLLC

i

Il

(L, * UXA) sin C + UXA cos C

alfapad alfapad

= 3
Z4c ch Idc

[?Sél = EﬁHSMMNﬂ
Perform "CALCGA"

Proceed to "ENDEXIT"

WAKEP62  Called by "EXDAP"

Establish "P63" (priority 138)
End of task

Established by "WAKEP62'" or entered from '"P62.1"
TS = 63 and perform "NEWMODEX'

POSEXIT = "STARTENT"

Il

ENTRYVN Oééhvn

P63FLAG

-1
Perform "CLEANDSP"

End of job

S61.1

60GENRET = Return address

Perform "RO2BOTH"

If bit 1(AVEGFLAG) of FLAGWRD1 = 1: (true for entrance from
"P62" if V37 not used to
Proceed to "S61.1A" start P62)

Perform '""MIDTOAVZ2"

Call "S61.1C" in TS+1S centi-seconds (TS set when exit from
p "MIDTOAV2" )

End of job
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S61.1C

Establish "S61.1A" (priority 138)
AVEGEXIT = "SERVEXIT"

Proceed to "PREREAD"

S61,1A

15 = unit( [REFSWAAT] (U * B_))

if TSy)/ 0:
If TSy - Kcs301nr) 0, or if unit vector overflowed:

Proceed to address specified by 60GENRET

If TS < O:
J
If - TSy - KcsBOim 2,0, or if unit vector overflowed:

Perform "ALARM" (pattern lh278) (IMU "reversed')
Skip next line

Perform "ALARM" (pattern lh268)

TS = 0509vn

Perform "GODSPR"

Delay 10 seconds (by putting job to sleep via "DELAYJOB")

Proceed to address specified by 60GENRET
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Quantities in Computations

See also list of major variables and list of routines

60GENRET: Single precision cell used to retain return address information
from "861.1". '

ATLFACOM: See Digital Autopilot Entry Routines.
AVEGEXIT: See General Program Control,
BETACOM: See Digital Autopilot Entry Routines.
BETAd180: See Entry Computations.

Calfa 4’ Single precision erasable memory constant, program notation
pa "ALFAPAD", scale factor B-1, units revolutions, giving the
nominal trim angle (expected to be a negative number) .

CMDAPMOD: See Digital Autopilot Entry Routines.
CMdGYMDT: See Digital Autopilot Entry Routines.
DNLSTCOD: See Telemetry.

ENTRYVN: See Entry Computations.

EXTVBACT: See Verb Definitions.

HEADSUP: Single precision quantity used to indicate desired initial
attitude of vehicle: it is positive non-zero if a ROLLC of 180
degrees (1lift down) is desired, which is a "heads up'" attitude.
Should be set to -1 (or O) if a ROLLC of O degrees (heads down/
1lift up) is desired. Scale factor is Bli, and it is initialized
at start of "P61" to -1 (before the N61 display which can be used
to change it there).

Kbtlh: Single precision constant, program notation '"BIT1A", scale

factor BO, units revolutions. Value is 0.5, corresponding to
180 degrees. Used in "P61" as double precision information,
with least significant half zero, for initializing ROLLC; in
"P62.1", however, is single precision, with least significant
half of ROLLC left alone.

¢30im’ Constant, program notation "C(30)LIM", scale factor Bl, value
0.566985. Used in program in such a way (a check on performing
overflow) that effective value is 0.86603, or cosine 30 degrees:
the value in memory is 1.0 - % cos 300.

ENTP-6



: Dummy constant used to indicate rescaling of HEADSUP information
from a sciie factor of Bl4 to a scale factor of BO revolutions,
"value'" 27* (see HEADSUP). If HEADSUP were loaded in Né1 with a

value of -04097, for example, then ROLLC would be set to +90°.

K
rvsc’

MM: Storage for state vector time in "NEWRNVN", to ensure a consistent

state vector for '"S61. 2”, scale factor B28, units centi-seconds.
It is the time tag for R and V., and hence is used in ''S61.2"
to compute TTE2 (see Dispify Compultétions).

P63FLAG: See Digital Autopilot Entry Routines.
POSEXIT: See Entry Computations.
Eone: See Display Computations.

ROLLC: See Entry Computations.

SWANDX: See Digital Autopilot Entry Routines.

UNI: See Entry Computations (computed in '"NEWRNVN' for 1561.2").
URONE: See Display Computations.

UXA, UYA, UZA: See Entry Computations.

V  : See Display Computations.
—one
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General Program Control

PREREAD Entered from "TIGAVEG", "TIGON'", and "S61.1C"
Establish "LASTBIAS" (priority 218)
Perform '""PREREAD1"
Establish "NORMLIZE" (priority 328)
Call '"READACCS" in 2 seconds
End of task
PREREAD]1 FEntered from '"PREREAD" and "P11"
Perform "PIPASR"
Set bit 1(AVEGFLAG) of FLAGWRD1 = 1 (means Average-G not to be
stopped )
Set bit 15(DRIFTFLG) of FLAGWRD2 = O
Set bit 6(V37FLAG) of FLAGWRD7 = 1 (means Average-G running)

DVIOTAL = O

Il

Return
NORMLIZE Established by '"PREREAD' and entered from "P11"
Inhibit interrupts

R=R

= =l
=Ty
J

pptm ~ pptml

Release interrupts
TS =R

Perform "CALCGRAV"

GDT = GDTL1
GOBL = GOBLL
End of job
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READACCS
Perform "PIPASR"
If bit 3(SBFIAG) of FLAGWRD2 = 1:

PIPAPL = PIPAPL + DELV_ (each component modulo gyl counts,
P or about 958.46. m/sec)

PIPCTR = 2
If bit 2(CMDSTBY) of FLAGWRD6 = 1:

AOGAPIP = ACG

AIGAPIP = AIG ("least significant halves' of AOGAPIP
and AOG respectively, since a double
precision order is used)

AMGAPIP = AMG

ROLLAPIP = ROLLd180

ALFAJPIP = ALFAd180 ("least significant halves" of
ROLL information)

BETAdPIP = BETAd180
If bit 12(CMDAPARM) of FLAGWRD6 = 1:

Call "QUIKREAD" in 0.5 second

XOLDBUF = XPIPBUF
XPIPBUF = DELYV_ (loads uncompensated PIPA data as
P read)
CMdGYMDT = 5

Call "SETJTAG" in 1.2 seconds

0: (Average-G to be stopped)
(set O by "ISITPOO")

Il

If bit 1(AVEGFLAG) of FLAGWRD1
AVEGEXIT = VAVGEND"

If bit 1(AVEGFLAG) of FLAGWRD1

I

13
Call "READACCS" in 2 seconds
Establish "SERVICER" (priority 208)
Set bit 9(Test connector Outbit) of channel 11 = 1

End of task
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QUIKREAD (Called by "READACCS'" if entry DAP is on)

Il

XOLDBUF = XPIPBUF

XPIPBUF

Il

PIPA
If PIPCTIR > O:
PIPCTR = PIPCTR - 1
Delay 0.5 seconds
Proceed to "QUIKREAD"
End of task
AVGEND

1dPIPADT = (least significant half of T

pptm)

Set bit 15(DRIFTFLG) of FLAGWRD2 = 1

Perform "AVETOMID"

Perform "PIPFREE"

MRKBUF1 = -256 (i.e. negative non-zero, keeping '"REND1" from using)
Set bit 9(Test connector Outbit) of channel 11 = O

Set bit 2(CMDSTBY) of FLAGWRD6 = O

Set bit 6(V37FLAG) of FLAGWRD7 = O (Average-G not running)
If bit 9(UTFLAG) of FLAGWRDS = 1:

Set restart group 1 to phase 11 (i.e. 1.11, causing "PIKUP20"
to be established with priority 104 via restart logic)

Set restart group 2 to phase O (i.e. no effect, since inactive)
If bit 7(RNDVZFLG) of FIAGWRDO = 1:  (and UTFLAG = O)
Set restart group 1 to phase 11 (i.e. 1.11, see above)

Set restart group 2 to phase 13 (i.e. 2.13, causing '"REDOR22"
to be established with priority 104 via restart logic)

Proceed to ''"CANV37"
SERVEXIT

End of job (after resetting restart group 5 for accelerometer reading)
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SERVICER
If one or more components of DEL'_\[sp has magnitude above Kmxdlv:
Perform "ALARM" (pattern 02058)
Proceed to '"AVERAGEG"

Perform '"1/PIPA"
If bit 3(05GSW) of FLAGWRD6 = O:

TTE = TTE2 + Tpptml

DVTOTAL = DVTOTAL + Kppl ‘DELE‘ (could be incremented twice if
get a restart)
Proceed to "AVERAGEG"
AVFRAGEG
Perform "CALCRVG"

Inhibit interrupts

i
=

L

<
il

1

Tpptm N Tpptml
GDT = GDTL

GOBL = GOBL1
Release interrupts

Proceed to address specified by AVEGEXIT

CALCRVG
DELVREF = K, DELY [REFSMMAT]
B =B * Ko (Vv + % DELVREF + % GDT)
8 = By

Perform '"CALCGRAV"
- 1
V,=Y + DELVREF + 4 GDT + 3 GDT1

Return

GENP-4



CALCGRAV
UNITR = unitTS

SINg = UNITR - gunitw

K
GOBLL = K, ’—re—?g- (0.05 - £ SING®) UNITR +
18

K
K,,-*2%3 smg ¢ .
2] lT§’2 —unitw
_ 2

GDTL = (Kmmudt /|tS|*) (GOBLL + UNITR)

Return (GDT1 denominator formed triple
precision, then normalized and used
double precision for division, after
which angwer shifted right before

multiplication by the vector
quantities).

TLRUPT Entered based upon program interrupt #L, controlled by TIMEL
If DSRUPTSW < O:
If bit 14 of DSRUPTSW = 1:
If NOUT = O, proceed to ''NODSPY"
Perform '""DSPOUTSB'": if return to calling address +1,
proceed to "NODSPY"
otherwise, proceed
Set bit 14 of DSRUPTSW = O
Set TIMEA to cause program interrupt #4 in 20 ms
DSRUPTSW = DSRUPTSW + Klbé
Resume

OUTO = O
Set bit 14 of DSRUPTSW = 1
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(If DSRUPTSW £ 0):
Set TIMEL to cause program interrupt #4 in 20 ms
DSRUPTSW = DSRUPTSW + Klbé
Resume

TS = DSRUPTSW

If 78 > Os

DSRUPTSW = DSRUPTSW - 1, limited 2, +O

1 \rs| = o:
DSRUPTSW = 3
TS, = DSRUPTSW (program tag for TS, is RUPTREG1)
If DSPTAB+1l is flagged for output (i.e. is negative): (Tag "CDRVE")

Set TS = DSPTAB+11 and DSPTAB+11 = |pSPTAB+11} - 1

TS = (bits 11-1 of TS) (note if get a restart before DSPTAB+11
reloaded, "GOPROG" could put IMU into
DSPTAB+11 = TS coarse align)

OUTO = TS + K
rtull

Proceed to "HANG20"
If bit 15(DSKYFLAG) of FLAGWRD5 = O: (Tag here 'DSPOUT!)

Proceed to '""NODSPOUT"
If NOUT = O:
Proceed to '"NODSPOUT"
Perform "DSPOUTSB": if return to calling address +1, proceed
to "NODSPOUT"

otherwise, proceed

Proceed to "HANG20"

NODSPY
OUTO = O
i=0
i=1i+1

DSRUPTSW = DSRUPTSW + Klbé
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If DSRUPTSW <€ O:
Proceed to 3rd line of ''NODSPY"
Set TIMEL to cause program interrupt #4, in (20 i) ms

Resume

DSPOUTSB
NOUT = NOUT - 1

T8, = 0 (program tag for TS, is DSRUPTEM)

If DSPTABjqpmyp flagged for output (is negative):

Remove output flag from DSPTAB (form absolute value)

DSPCNT

) + (bits 11-1 of DSPTAB
SPCNT

Return to calling address +2 (DSKY display sent)
If DSPCNT > O:

ODTO = (bits 15-11 of K

rtuD DSPCNT)

DSPCNT = DSPCNT - 1
Proceed to third line of '"DSPOUTSB"
If TS2 = -0:
TS2 = +0
DSPCNT = 10
Proceed to third line of '"DSPOUTSB"
NOUT = O
Return to calling address +1 (No DSKY display sent)
HANGZ20

DSRUPTSW = DSRUPTSW - 22400 (subtracts 5 scaled B6, and also

8 forces bit 14 to be 0)
Set TIMEL to cause program interrupt #4 in 20 ms

Proceed to "PROCEEDE"
NODSPOUT

ouTO = 0
Set TIMEL to cause program interrupt #4 in 120 ms

Proceed to "PROCEEDE"
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PROCEEDE,
TS = channel 32 (bit 14 is PRO key complement)
If bit 14 of TS # bit 14(PROCDBIT) of IMODES33:
Set bit 14(PROCDBIT) of IMODES33 = bit 14 of TS
If bit 14(PROCDBIT) of IMODES33 = O: (i.e. 1 to O binary

transition)
Establish ""PROCKEY" (priority 308)

If TS; = 0, proceed to "OPTTEST" (TSl, program notation RUPTREGL,
If TSl = 1, proceed to '"OPTMON" has DSRUPTSW from "TLRUPT"
If TS, = 2, proceed to "OPTTEST" before any modification by
If TS, = 3, proceed to "IMUMON" "HANG20")
SLAP1 (Entered via V36E)

Inhibit interrupts

Perform "STARTSUB"

DSPTAB+11 = bits 6(Gimbal lock) and 4(No Attitude) of DSPTAB+11,
and flag for output at next opportunity

ERCOUNT = O

FATIREGHi = O (1=0-2)

REDOCTR = O

Channel 77 = 0O (i.e. reset restart monitor flip-flops)

DSRUPTSW = - K10b5

Proceed to "DOFSTART"

DOFSTART
ERESTORE = O
SMODE = O
UPSVFLAG = O

Channel 5 = 0O

Channel 6 = 0O
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Channel 11 = 0O
Channel 12 = 0O
Channel 13 = O

Channel 14 =0

WITOPTION = O
DNLSTCOD = O
NVWORD+2 = O
DSPFIG+2 = O
TRKMKCNT = O
VHFCNT = O

EXTVBACT = O

If bits 6 and 4 of DSPTABt1l = 1l,: (coarse align w/gimbal lock)

Set bits 6(Enable IMU CDU Error Counters) and 4(Coarse Align)
of channel 12 = 1

Make all restart groups inactive (by setting PHASEi = +0 and -PHASEi =
0 fori=1- 6)

MODREG = -0 (see "DSPMMJB")
RESTREG = 30000, (i.e. priority 308)

IMODES30 = 37411,  (bits 14, 13, 12, 11, 10, 9, 4, and 1 set 1)

OPTIND = -1
OPTMODES = 00130, (bits 7, 5, and 4 to 1)
IMODES33 = 16000, (bits 13, 12, and 11 to 1)

T51L0C = "T5IDLOC"

FLAGWRDO = O

GENP-9



FLAGWRD1 = bit 12(NODOPOl) of FLAGWRD1 (other bits set 0)
FLAGWRD2 = O

FLAGWRD3 = bit 13(REFSMFLG) of FLAGWRD3  (other bits set 0)
FLAGWRD, = O

FLAGWRD5 = O

FLAGWRD6 = 0000k (bit 3(05GSW) is set 1)

FLAGWRD7 = O

FLAGWRDg = O

FLAGWRD9 = O

FIGWRD10 = bit 11(HDSUPFIG) of FIGWRD10O (other bits set 0)
FLGWRD11l = O

Proceed to second line of '"DUMMYJOB"

GOPROG (Entered based on program interrupt #11, for a hardware
restart (interrupts inhibited before entrance))

REDOCTR = REDOCTR + 1

TS = BBANK + SUPERBNK (or'ed into bits 7-5) (BBANK is that when
restart generated)

RSBBQ = (TS, QREG)
Perform "VAC5STOR!
TS = Channel 33
Reset flip-flop bits of channel 33 (bits 15-11, done by write-type order)
If bit 15(0Oscillator stop complement) of TS = 1:
If bit lA(Computer warning complement) of channel 33 = 0O:
Perform "STARTSUB"

Proceed to "DOFSTART" (conclude in restart loop due e.g.
to memory parity failure)

Perform "LIGHTSET" (which may exit to 'DOFSTART")
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If bits 15-11 of ERESTORE # O: (Note ERESTORE cell is not
excluded from normal memory test
Perform '"STARTSUB" sequence in "ERASLOOP")
Proceed to "DOFSTART"
If ERESTORE # O:
If ERESTORE # SKEEP7:
Perform '"STARTSUB"
Proceed to "DOFSTART"
EBANK = (bits 11-9 of SKEEPL)
Bskpmpy = SKEEPSy,
ERESTORE = O
Perform "STARTSUB'"
TS =bits 15-14(DAPBIT1, DAPBIT2) of FLAGWRD6 (Tag here "ELRSKIP")

Set T5LOC according to the following table:

TS T5LOC

00, "T5IDIOC!
015 "REDORCS'"
105 "REDOTVC"!
115 N"REDOSAT"

Set bit 14 (INTINUSE) of FIGWRD1O = O
TS = (bits 5-4 of OPTMODES)

OPTMODES = TS + 00100 (bit 7, OCDUFBIT, set 1)

8
TS = bit 6(NOIMUDAP) of IMODES33

IMODES33 = TS + 160008 (bits 13-11 to 1)

DSPTAB+11 = bits 9(Program alarm), 6(Gimbal lock), and 4(No Attitude)
of DSPTAB+11, and flag for output at next opportunity

If bit 4(No Attitude) of DSPTAB+1l = 1:
Perform '"SETCOARS"

Call "CA+ECE" in 0.06 seconds

GENP-11



TS = (bits 9, 5, 4, 3, and 1 of IMODES30) (Tag here "NOCOARSE')
IMODES30 = TS + 37000, (sets bits 14-10 to 1)
If bit 7(ENGONFLG) of FLAGWRD5 = 1:
Set bit 13(SPS Engine On) of channel 11 = 1
Proceed to "GOPROG3'
ENEMA (Entered from "BAILOUT", "POODOO", and "TRACKTRM")
Inhibit interrupts
Perform "LIGHTSET" (which may exit to "DOFSTART")
Perform "STARTSB2"
Set bit 14(INTINUSE) of FLGWRD1O = O
If bits 15-14(DAPBIT1, DAPBIT2) of FLAGWRD6 = 10,: (TVC DAP)
Call "TVCEXEC" in 0.5 seconds
Proceed to "GOPROG3"
GOPROG2 (Entered from "REV37" and "ROO")
Inhibit interrupts
Perform "STARTSB2"
Set bit 14(INTINUSE) of FLGWRD1O = O

Proceed to "GOPROGL'

GOPROG3
If bits 15-14(DAPBIT1, DAPBIT2) of FLAGWRD6 = 01,: (RCS DAP)

If bit 5(TRACKFLG) of FLAGWRD1 = O:
Perform "STOPRATE"
Proceed to "GOPROGL"
GOPROGA, |
If PHASEi # (-1) (-PHASEi): (i=1-6)
Perform "ALARM" (pattern 11078)

Proceed to '"DOFSTART"
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Establish "DSPMMJB'" (priority 308)

Establish appropriate jobs and call appropriate tasks based on
information in the active restart groups

If all PHASEi = O: (i =1 -6, no active restart groups)
If bit 15 of MODREG = O: (i.e. cell not -0)
Proceed to "GOTOPOOH" (Note "VNFLASH" will put the job in

core set O, i.e. "DSPMMJB", to sleep,
leaving program number display blank)

Proceed to second line of "DUMMYJOB"
LIGHTSET (Entered from ”GOPROG” and "ENEMA")
If bit 7(Mark reject) of channel 16 = 1:
If bits 5-1 of channel 16 = 224: (Error reset)
Perform "STARTSUB"
Proceed to "DOFSTART"
If channel 15 = 228: (Error reset from main panel DSKY )
Perform '"STARTSUB"
Proceed to "DOFSTART"
Return
STARTSUB
DNTMGOTO = "DNPHASE1"
Set TIME5 to cause program interrupt #2 in 4O ms
Set TIMEL to éause program interrupt #4 in 30 ms
Proceed to "STARTSBR'
STARTSB2
Set bits 7-3 (Operator Error, Flash, Key Release, Temperature
Caution, and Uplink Activity) of channel 11 = O (other bits
left alone) :

Set TIME3 to cause program interrupt #3 in 10 ms
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Set bits 11-10 (Enable Standby, Test DSKY lights) of channel 13 = 0
(other bits left alone)

Set bits 14(R2IMARK), 12(P21FLAG), and 5(REVFLAG) of FLAGWRD2 = O

Set bit 10(SKIPVHF) of FLAGWRD2 = 1 (flag to "VHFREAD" that got
restart)

Set bit 4(MARKFIG) of FLAGWRD1 = O

Set bit 4(CYC61FIG) of FLAGWRDO = O

Set waitlist times to 81.93 seconds

Set waitlist task starting addresses to "SVCT3"

PRIORIT}(:.L =-0 (i=0-6)

DSRUPTSW = -0

NEWJOB = -0

Make all VAC areas available (by setting VACIUSE = "VACIUSE"
for I=1-5)

DSPTAB+L = 211 and flag for output at next opportunity (i = O - 10)
(blanks DSKY displays)

DELAYLOC+i = O (i=0-23)

INLINK = O
DSPCNT = O
CADRSTOR = O
REQRET = O
CLPASS = O
DSPLOCK = O
MONSAVE = O
MONSAVEL = O
VERBREG = 0O
NOUNREG = O
DSPLIST = O
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IMUCADR = O
IGYRO = O

FLAGWRDL

1l
o

MARKINDX = O
EXTVBACT = O
NOUT = 11
SELFRET = "SELFCHK"
DSPCOUNT = -19
Return
GOTOPOOH
0

I

Set bit 7(AUTOSEQ) of FLGWRD1O
Set restart group 4 to cause a start at next line (tag here '"MNKGOPOO")
Perform "INITSUB"
Set bit 1(XDSPFIAG)of FLAGWRDL = O
Perform "AUTOCHK"
T8 = 3195, (noun not permanently displayed, but must be non-zero)
Proceed to "VNFLASH": (if terminate, proceed to "GOTOPOOH'")
if proceed, proceed to previous line
otherwise, proceed to previous line
(An input of XXE will cause "V37'" entrance from 'MMCHANG'")
V37 (Entered from '"MMCHANG'" or "VERB96" with TS = new program number)
MMNUMBER = TS
Set bit 7(AUTOSEQ) of FILGWRD1O = O
Set bit 3(TPIMNFIG) of FLGWRD1O = O
Set bit 15(PCMANFLG) of FLGWRD1O = O
Set bit 9(VHFRFLAG) of FLAGWRD9 = O

MRKBUF1l = -1
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If (80 - MMNUMBER) & O:
Set bit 7(Operator error) of channel 11 = 1
Perform "RELDSP"
Proceed to "PINBRNCH"
If bit 13(REFSMFLG) of FLAGWRD3 = O:
Proceed to '"AUTO37"
If (MMNUMBER - 30) & O:
Proceed to "AUTO37"

If (MMNUMBER - 38) £ O:

Proceed to "REND30S" (Note that should not do this with
Average-G running and RNDVZFLG = O,
Proceed to "AUTO37" since do P20 startup)
AUTO37 (Entered from "AUTOSET'", "REND30S", and ny37)
RESTREG = 30000, (i.e. priority 30,)

If bit 6(IMUNITBT) of IMODES30 = 1:
Perform "ALARM" (pattern 15208)
Perform "RELDSP" |
Proceed to "PINBRNCH"
If bit 7(ENGONFIG) of FLAGWRD5 = O:
If bits 15-14(DAPBIT1, DAPBIT2) of FLAGWRD6 # 10,:
Proceed to "ISITPOO" (not TVC DAP)

Perform "SPSOFFE" (exits with interrupts inhibited)
Perform '"MASSPROP"

Set TIME5 to cause program interrupt #2 in 3.1 seconds
T5PHASE = 1607.4 (i.e. positive non-zero)
Set bit 3 of RCSFIAGS = 1

T5LOC = "RCSATT"
Set bits 15-14 (DAPBIT1, DAPBIT2) of FLAGWRD6 = 01,
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Perform "TVCZAP"
MMNUMBER = O
Release interrupts
Delay 0.05 seconds (by putting job to sleep via "DELAYJOB")
Channel 5 =0
Channel 6 = 0
Proceed to "ISITPOO"
INITSUB (Entered from "GOTOPOOH" and '"ROO')
Inhibit interrupts |

Set bits 13(P55.1FLG), 12(P50.1FLG), 11(ATMFLAG), 10(P50FLAG),
and 1(P29FLAG) of FLAGWRDO = O

Set bit 6(IDLEFAIL) of FLAGWRD1 = O

Set bits 12(P21FLAG), 11(STEERSW), 9(IMPULSW), and 3(SBFLAG) of
FLAGWRD2 = O

Set bits 14(GLOKFAIL) and 9(POOFLAG) of FLAGWRD3 = O
Set bits 10(NEWTFLAG) and 7(ENGONFLG) of FLAGWRD5 = O
Set bit 13(STRULLSW) of FLAGWRD6 = O
Set bits 13(IGNFLAG), 12(ASTNFLAG), and 11(TIMRFLAG) of FLAGWRD7 = O
Set bit 15(SWIOVER) of FLAGWRD9 = O |
Proceed to "INITSUBA"
INITSUBA (Entered from "INITSUB'", "ROO", and "TRACKTRM")
Inhibit interrupts |
If bit 5(TRACKFLG) of FLAGWRD1 = O:

Perform "STOPRATE" .
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(If bit 5(TRACKFIG) of FLAGWRD1 = O):
If bit 12(MAXDBFLG) of FLAGWRD9 = 1:
Perform "SETMAXDB'
If bit 12(MAXDBFLG) of FLAGWRD9 = O:
Perform '"SETMINDB'
Release interrupts
OPTIND = -1
Return (to caller of "INITSUB" or "INITSUBA")
ISITPOO
If MMNUMBER # O:
If bit 1(NODOV37) of FLAGWRD2 = 1:
Perform "ALARM" (pattern 15208)
Perform "RELDSP'
Proceed to "PINBRNCH"
T8 =K v (Tag here "CHECKTAB'")

If (bits 7-1 of K ) # MMNUMBER :
P mlTSl
If (bits 7-1 of K__ ) > MMNUMBER :
pr mlTSl
Set bit 7(Operator error) of channel 11

1l
i__l

Perform "RELDSP"
Proceed to "PINBRNCH"
If TS:L = 0O:
Set bit 7(Operator error) of chamnel 11

il
l._J

Perform "RELDSP"
Proceed to "PINBRNCH"
TSl = TSl -1
Proceed to 7th line of "ISITPOO" (check next table entry)
MINDEX = TS1

Set bit 15(V50N18FL) of FLAGWRD3 = 1
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If bit 6(V37FLAG) of FLAGWRD7 = 1: (Average-G running)
Set bit 1(AVEGFLAG) of FLAGWRD1 = O
End of job (goes to "CANV37" from '"AVGEND")

Proceed to ''"CANV37"

CANV37

ROO

CADRFLSH+2 = "ROO" + 3

Set restart group 4 to phase 1 (4.1, causing "INITDSP" to enter
"ROO" if a restart

Proceed to '""ROO"

Perform "INTSTALL"

Set bits 10 (Caution Reset) and 9(Test connector Outbit) of
channel 11 = 0

Set bits 14(S4B Cutoff), 13(S4B Injection Sequence start),
11(Disengage optics DAC), 10(Zero optics), 8(TVC enable),

3(Enable star tracker, not used), and 2(Enable Optics CDU
Error Counters) of channel 12 = 0

Set bits 9(not assigned) and 8(not assigned) of channel 13 = O
Perform "INITSUB"

Perform "CLEARMRK"

STARIND = O

Set bit lh(STIKFIAG) of FLAGWRD1 = O (V50N18FL = 1 from "ISITPOO"
: : unless POO selected)

Set bit 3(Uplink Activity) of channel 11 = O
Set bit 14(R21MARK) of FLAGWRDZ2 = O
Set bit 9(EXTRANGE) of FLGWRD1O = O

Il

If MMNUMBER = O:
Perform "RELDSP" (tag here "POOH")
PHSPRDT2 = 05000, (i.e. priority 058)
Set bit 1(NODOV37) of FLAGWRD2 = O

Set restart group 2 to phase 5 (i.e. 2.5, causing "STATINT1" to
be established with priority 058 by restart logic)
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(If MMNUMBER = 0):
Set bits 8(IMUSE) and 7(RNDVZFLG) of FLAGWRDO = O
Set bit 9(UTFLAG) of FLAGWRDS = O
DNLSTCOD = O
If MMNUMBER > O:
If bit 7(RNDVZFLG) of FLAGWRDO = O: (Tag here "NOUVEAU")
If bit 9(UTFIAG) of FLAGWRDS = O:
Set, bit 8(IMUSE) of FLAGWRDO = O
DNLSTCOD = (bits 15-13 of KpanﬂNDEX)’ cycled %EfZ.Btglgziz

31

DSPFIGH2 = 766578 . (includes setting bit 4 and 6, either one of which
causes "NORMRET" to bypass establishing "PLAYJUM1")
g

Set bits 10(IMIRG), 7(UPDATFLG), and 5(TRACKFLG) of FLAGWRD1 = O
Set bit 2(R67FIAG) of FLAGWRD8 = O '

Set bits 11(CYCLFLAG), 6(SNAPFLAG), 5(P48FLAG), L(P25FLAG) ,
3(TDFLAG), 2(R27UP2), and 1(RR27UP1) of FLGWRD1l = O

Make restart groups 3, 5, and 6 inactive
If MMNUMBER = O:

Make restart groups 1,3,4,5, and 6 inactive (leaving only group
2 set, to 2.5, for "STATINT1")

Perform "INITSUBA" (TRACKFLG now zero, so 'STOPRATE" etc.)

MODREG = MMNUMBER

Proceed to '"GOPROG2"  (restart group 2 will cause "STATINT1"
to be established) "

If MMNUMBER = 20: (Tag here "RENDVOO")

If MODREG = 20:

Make réstart group 1 inactive (Tag here K ILL20")
Perform "INITSUBA"
Make restart group 2 inactive

Proceed to "REV37"
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(If MMNUMBER = 20):
If bit 9(UTFLAG) of FLAGWRD8 = O:
If bit 7(RNDVZFIG) of FLAGWRDO = 1:

Set bits 7(UPDATFIG) and 5(TRACKFIG) of FLAGWRD1 = 1
(Tag here "STATQUO")

Make restart group 4 inactive (leaves 1 and 2 set by
e.g. "AVGEND")

MODREG = MMNUMBER

Proceed to "GOPROG2'" ("RELDSP'" effect done in
"STARTSB2'" cell resets)

If bit 9(UTFLAG) of FLAGWRDS = 1:

Set restart group 2 to phase 5 (i.e. 2.5, to cause
"STATINT1" to be established with priority 058 by
restart logic) (Tag here '"STATQUOL1")

Set bit 5(TRACKFLG) of FLAGWRD1 = 1

Make restart group 4 inactive

MODREG = MMNUMBER

Proceed to "GOPROG2"

If bit 9(UTFLAG) of FLAGWRD8 = 1: (Tag here "POOFIZZ'")
Make restart group 2 inactive
Proceed to "REV37"

If bit 7(RNDVZFLG) of FLAGWRDO = 1:
Proceed to "REV37"

Make restart group 1 inactive

Perform "INITSUBA"

Make restart group 2 inactive

Proceed to "REV37"

REV37
CADRFLSH+2 = "V37XEQ" + 3  (Group 4.l set from '"CANV37")

Proceed to '""GOPROG2" (restart logic will cause "V37XEQ" to be
entered via "INITDSP")
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V37XEQ

Po6

Inhibit interrupts

PHSPRDT = 130004 (i.e. priority 138)’
MMTEMP = K
Py DEX
BASETEMP = K
feadmyryppx
TS, = (bits 15-11 of BASETEMP) + (bits 10-8 of MMTEMP, shifted

- right 7 places)

TS, = (bits 10-1 of BASETEMP) + 20008

3

Establish a VAC area job, with starting address given in 2CADR
format by (TSB’ TSZ)’ and with priority of 134

TS = (bits 7-1 of MMIEMP) and perform '"NEWMODEX"

Perform "RELDSP"

End of job

Set bit 1(NODOV37) of FLAGWRD2 = 1
Inhibit interrupts
TIME2SAV = T
now
Perform "SCALPREP'": if return to calling address +1, proceed
to second line of "PO6"
otherwise, proceed

SCALSAVE = TS
dp

Set bits 5(TRACKFLG) of FLAGWRD1, 15(DRIFTFLG) of FLAGWRD2, and
13 (REFSMFLG) of FLAGWRD3 = O

Set bit 8(IMUSE) of FLAGWRDO = O

Set bit 7(RNDVZFLG) of FLAGWRDO = O

Set bit 9(UTFLAG) of FLAGWRD8 = O

Set bit 11(Enable Standby) of channel 13 = 1

Set restart group 4 to cause it to establish ""POSTAND" with
priority 204 after a restart (erasable memory restart)
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TS = 000628
Proceed to "GOPERF1" if terminate, proceed to previous line

if proceed, proceed to previous line
otherwise, proceed to previous line

POSTAND Entered after a restart (e.g. power-up) due to "PO6'" settings
for restart group 4

Set bit 11(Enable Standby) of channel 13 = 0

Inhibit interrupts

Perform "SCALPREP": if return to calling address +1, proceed to
second line of ''POSTAND"
otherwise, proceed

TS = TS - SCALSAVE, rescaled to B28 centi-seconds, with sign agreement
' forced

If TS -0:
TS = TS + 223 centi-seconds (correct for chammel 3 overflow)

TS = TS + TIMERSAV, with sign agreement forced

T =T + TS

Set bit 1(NODOV37) of FLAGWRD2 = O

Proceed to "GOTOPOOH" (where restart group 4 is set)

SCALPREP

TSdp = (Channel 3, Channel 1) Cpann?l L read.twicef then a 3rd

time if 2 readings disagree. The

channel 3 reading not done until
channel /4 # +MAX,

Release interfupts

TSdp - Tsdp + Krndbt

If bits 5-1 of TStl = 0, return to calling address +1 (Channel L
was read in first interval after

T was incr
o cremented )

Set bits 5-1 of TS+l = 0
Return to calling address +2

DELAYJOB

1=3
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If DELAYLOC+i # O:
If 1 = O3
Proceed to "BAILOUT" (pattern 3110&8)
i=31i-1
Proceed to second line of ''DELAYJOB"
Call "WAKER'" in (delay time) centi-seconds, with EBANK = i
DELAYLOC+i = Return address (to routine calling "DELAYJOB")
Put present job to sleep (starting address id = DELAYLOC+i)
WAKER
i = EBANK (mechanized by using BBANK with FBANK of "WAKER" = 00)
Set DELAYLOC+i = O and TS = DELAYLOC+i
Awaken job with starting address id = TS
End of task
ALARM
Inhibit interrupts
AIMCADR = "Calling address +1" (S-register portion)
Proceed to '"ALARMR'

ATARM2

IREG = Alarm pattern (quantity in calling address +1)

AIMCADR+1 = BBANK + SUPERBNK (or'ed into bits 7-5)

If FAILREG+O = O:
FATIREGH+O = IREG
Skip next 2 lines

If FAILREG+l = O:
FATIREG+1 = LREG

FATIREG+2 = LREG

Set bit 9(Program alarm) of DSPTAB+1l = 1, and flag for output
at next opportunity
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Release interrupts

Return (to routine calling "ALARM" or "ALARM2")
PRIOLARM (Entered from "COM52'" for alarm OAOA8)

Inhibit interrupts
IREG = TS (alarm pattern)
AIMCADR = '"Calling address +1" (S-register portion)
AIMCADR+1 = BBANK of caller + SUPERBNK (or'ed into bits 7-5)
Perform "ALARM2" (starting at 3rd line)
s = 0509vn
Proceed to '"PRIODSPR" (will return to routine calling "PRIOLARM")
VARATARM
Inhibit interrupts
IREG = TS
AIMCADR = "Calling address +1" (S-register portion)
Perform "ALARM2" (starting at 2nd line)
Return (address in ALMCADR)
BATLOUT
Inhibit interrupts
ALMCADR = "Calling address +1" (S—regisfer portion)
Perform "VAC5STOR"
ILREG = Alarm pattern (quantity in calling address +1)
Perform "ALARM2" (starting at second line)
Inhibit interrupts

If in interrupt mode, return to job status (set appropriate address
into cell 0017y and then do a Resume) '

Proceed to "ENEMA"
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POODOO
Inhibit interrupts
AIMCADR = '"Calling address +1" (S-register portion)
Perform "VAC5STOR"
IREG = Alarm pattern (quantity in calling address +1)
Perform "ALARM2'" (starting at second line)
If bit 6(V37FLAG) of FLAGWRD7 = O: (i.e. Average-G not running)
If (bits 13-1 of EXTVBACT) = O: (error if bit 15 = 1)
Set bit 5(STATEFLG) of FLAGWRD3 = O

Set bit 7(AUTOSEQ) of FLGWRD1O = O

Set bit 13(INTGRAB) of FIGWRD1O = O
Set bit 9(UTFLAG) of FLAGWRD8 = O
Set bit 7(RNDVZFIG) of FLAGWRDO = O

Set bit 5(TRACKFLG) of FLAGWRD1 = O
Set bit 1(NODOV37) of FLAGWRD2 = O

Make all restart groups inactive (by setting PHASEi = +0
and -PHASEi = -0 for i = 1-6)

Inhibit interrupts

If in interrupt mode, return to job status (set appropriate address
into cell 0017, and then do a Resume )

Proceed to "ENEMA"

SVCT3 (This task is used as part of the waitlist control, and is
entered every 81.93 seconds for that purpose)

If bit 15(DRIFTFIG) of FLAGWRD2 = O:
End of task
If IMUCADR = +O0:
Establish "NBDONLY'" (priority 358)

End of task
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Delay 5 seconds

Proceed to '"'SVCT3"

DUMMYJOB This routine is entered from the executive system if
no active jobs are found.

NEWJOB = -0
Release interrupts
Set bit 2(Computer Activity) of channel 11 = O
Proceed to second line of "CHECKNJ'
CHECKNJ
SELFRET = Return address
If NEWJOB = -0O:
Return (to address specified by SELFRET, BBCON of "SELFCHK')
Set bit 2(Computer Activity) of channel 11 = 1

Perform functions necessary to start new job's computations
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Quantities in Computations

See also list of major variables and list of routines

1dPIPADT: See IMU Computations.
AIG: See Digital Autopilot Entry Routines.

AIGAPTIP: Value of AIG sampled in "READACCS'", i.e. the value of CDU
sampled about 0.05 seconds before accelerometers read, scale
factor B-1, units revolutions, single precision. Program notation
is "AIG/PIP".

ALFAd180: See Entry Computations (quantity is updated in "ATTRATES").

ALFA4PIP: Value of ALFAd180 sampled in "READACCS", scale factor B-1,
units revolutions, single precision. It is computed based upon
the same angle sample as for AIGAPIP. Program notation "ALFA/PIP".

AIMCADR, AIMCADR+1: Pair of erasable memory cells used to store the
information on the calling address to the "ALARM'" type routines
(including "BAILOUT" and '"POODOO"). Information is in 2CADR
format (see 3420.5-27), with AIMCADR giving S-register information
and AIMCADR+1 giving BBCON (i.e. BBANK and SUPERBNK) information.
Cells can be displayed by NO8 to permit identification of the
specific area of the program responsible for the generation of the
fault condition.

AMG: See Digital Autopilot Entry Routines.

AMGAPIP: Value of AMG sampled in "READACCS", i.e. the value of CDU,
sampled about 0.05 seconds before accelerometers read, scale
factor B-l, units revolutions, single precision.

AOG: See Digital Autopilot Entry Routines.

AOGAPIP: Value of AOG sampled in "READACCS", i.e. the value of CDU,
sampled about 0.05 seconds before accelerometers read, scale
factor B-1, units revolutions, single precision.

AVEGEXIT: Cell containing in 2CADR format the starting address of the
computations to be performed after NAVERAGEG" is done (program
notation also AVGEXIT). It is set to "AVGEND" by "READACCS"'; to
NCALCN83" by "TIGON"; to "CALCN85" by "PLORCS" and '"PLOSXTY";
to "CM/POSE" by "P62"; to "SERVEXIT" by Wpa7 A%, "POSTLAM,
nS61,1C", and "TIGNOW"; to "S4O.8" by "PLOSXTY"; and to "VHHDOT"

by "P11".

BASETEMP: Cell used in "V37XEQ" to store temporarily the approPriate value
of K for use in generating starting address information for the

Jjob €Sa%@ initiated by V37 processing.
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BBANK: A computer hardware cell (address 00068) containing in bits 15-11
the fixed memory bank (FBANK ) currently being used and in bits 3-1
the erasable memory bank number. Bits 7-5 of the constants in
the proper format for BBANK loading can contain SUPERBNK information,
and constants in this format are referred to as '"BBCON" format

(see 3420.5-27). The fact that the program retains BBANK information

is used in "DELAYJOB" to retain the indexing data for the
DELAYIOC cell employed (since in that routine the erasable memory
bank is not significant and the fixed memory bank number is 00).

BETAd180: See Entry Computations (quantity is updated in "ATTRATES").

BETAQPIP: Value of BETAd180 sampled in "READACCS'", scale factor B-1,
units revolutions, single precision. Cf. ALFAJPIP.

Camtw® Erasable memory vector constant, scale factor BO, program
notation "UNITW". It gives the polar axis in the reference
coordinate system. The x component (also called "-AYO" in old
program) gives the "true to mean pole rotation about the -Y axiggt
the y component (also called "AXO" in old program) gives the

ntrue to mean pole rotation about the +X axis." Also "IMATRIX LA,
CADRFISH+2: See Display Interface Routines.
CADRSTOR: See Data Input/Output.
CLPASS: See Data Input/Output.

CMAGYMDT: See Digital Autopilot Entry Routines.

DELAYIOC+i (i = 0 - 3): Set of four single precision cells used to
contain the starting address identifications for jobs put to sleep
using "DELAYJOB", in FCADR format. If an attempt is made to put
more than 4 jobs to sleep using the routine, a software restart
(pattern 311048) is produced.

DELVREF: Value of accelerometer output (scaled and compensated) converted
to reference coordinates, scale factor B7, units meters/centi-
second .,

DNLSTCOD: See Telemetry.

DNTMGOTO: See Telemetry.

DSPCNT: Single precision counter used to cycle through the DSPTAB-l
(i = 10-0) to be changed in "DSPOUTSB", scale factor Bli. The
DSPTAB; word loaded at one entrance to 'DSPOUTSB" is the first one
checked at the next entrance, but that word will not be checked
again until all the other words have been examined and, if necessary,
loaded into OUTO.

DSPCOUNT: See Data Input/Output.
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DSPFLG+2: See Display Interface Routines.
DSPLIST, DSPLOCK: See Data Input/Output.

DSRUPTSW: Single precision cell that is used for control of the computations
that are performed when "TLRUPT'" is entered. If it is not negative
non-zero when "TARUPT" is entered, it contains a number between 3 and
0, scale factor Blh, used to control the branching at the end of
"PROCEEDE" so as to complete a cycle (3 through O and back to 3
again) in 0.48 seconds. If the cell is negative non-zero, bits 2-1
contain the same "TLRUPT" branching control ("PROCEEDE" is entered and
these bits employed every 0.12 seconds), while bits 12-9 contain,
scale factor B6, the complement of the number of 20-millisecond intervals
still be to loaded into TIMEA to achieve synchronism with the basic
TLRUPT period of 0.12 seconds. Bit 14 is used to achieve an alternate
selection of clearing OUTO or loading new information into OUTO.,

If OUTO was loaded with a non-zero value when the basic 0.12-second
TLRUPT cycle was performed, then DSRUPTSW is set (in "HANGR0")

to DSRUPTSW - 22400,, where the first "2" causes bit 14 to be

set O (note that computation same as adding 55377,), and the "24"
is 5 with scale factor B6, signifying that five more 20-ms loadings
of TIMEL, plus the current one, are needed to satisfy the 0.12
second synchronism. If "HANG20" is entered, TIMEL is set to generate
another interrupt in 0.02 second. When it is received, bit 14 of
DSRUPTSW will be O, so OUTO will be cleared, bit 14 set to 1, and
TIMEL reset to 20 ms. In addition, DSRUPTSW is incremented by

Klbé (making the upper bits equivalent to -4B6, since bit 14 = 1,
for a negative DSRUPTSW, represents a magnitude of 0). The

next time the interrupt is generated, bit 14 will be one in
NTLRUPT", so a new OUTO can be generated if required (if not, the
number of remaining 20-ms intervals is determined and TIMEL and
DSRUPTSW loaded immediately). In order to load all 11 (DSPTAB+HO -
DSPTAB+10) DSKY display registers, a total time of 11 x 0.04 =
0.4 seconds is required (measured from the first loading of the
first register to the end of the 20 ms wait after reset of OUTO
for the last register). As part of a verb 36 fresh start,
DSRUPTSW = - KlO , to force clearing of DSPTAB-driven relays
(bit 14 = 1 due Eg this setting, of course) before starting the
normal TARUPT O.12-second cycle.

DVTOTAL: Sum of magnitudes of scaled and compensated DELV each two-
second entrance to '"SERVICER", scale factor B7, units meters/
centi-second. Quantity is initialized to O in "PREREAD1'", and
can be displayed in R3 of N4O (XXXX.X fps) or N80 (XXXXX. fps).
It is the '"line integral' of accumulated velocity, not the
magnitude of the velocity vector increment: the magnitude is
taken each two-second Average-G cycle of DELV and this scalar
is added to DVTOTAL.

EBANK: See Data Input/Output.
ERCOUNT: See Testing Routines.
ERESTORE: See Testing Routines.

EXTVBACT: See Verb Definitions.
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FAIIREGHL (i = O - 2): Set of three single precision cells used to

GDT:

retain alarm pattern code information. They are all reset to
zero by a verb 36 fresh start (or V25N9E E E E), and they can be
displayed by the use of noun 09. Use of the error reset DSKY key
causes FAIIREGHO and FAIIREG+] to be reset zero (FAILREGH2 is
left alone). FAILREGHO contains the first alarm pattern received
after the reset; FAIIREGt+1 contains the second; and FAILREGH2
always has the most recent (and hence would be the same as FAIIREGHO
if one alarm has occurred, or FAIIREG+l if only two alarms have
occurred). If FAIIREGHO = 0, then no alarms have occurred since
the last error reset, and the alarm to occur most recently is in
FATLREGH2.

Value of gravity times computing interval, scale factor B8, units
meters/centi-second. Program notation is "GDT/2", in recognition
of the fact that it is "3 GDT" for a standard velocity scaling of
B7 meters/centi-second. When "CALCRVG" is first entered, the
quantity in GDT is the value computed the previous computation
cycle.

GDT1l: Value of gravity times computing interval computed in "CALCGRAV",

GOBL:

same scaling and units as GDT (program notation "GDT1/2").

Value of '"mormalized" oblateness component of gravity, scale factor
Bl, dimensionless (program notation "GOBL/2"). It must be multiplied
by -[k'/r to convert to units of acceleration. The quantity is used
in "S4L0.9" to correct the output of the Lambert routine.

GOBLl: Value of GOBL computed in '"CALCGRAV'", same scaling as GOBL

(program notation "GOBL1/2'").

IMODES30, IMODES33: See IMU Computations.

IMUCADR: See IMU Computations.

INLINK: See Data Input/Output.

K1p6*

23"

: Constant, program notation "2J",

Single precision constant, program notat%on ”BIT9”,.scale factor
B6, value 00LOOg, corresponding to 1 x 27>, used to increment
DSRUPTSW for 20-ms OUTO update rate (c¢f. DSRUPTSW).

scale factor B-1, value

3.24,69201E-3 x 21. Value corresponds to 2 x 1.62346005E-3 x
21, where first term is an equation factor of 2, second 1s the

" nominal value of the computer-employed first gravitational

harmonic coefficient (note that the ”standa?d" vglue, such

as that employed in K., of Orbital Integration, 1s 1.623L45E-3),
and third is scale factor. Octal value corresponds to a
harmonic coefficient value of about 1.623455LE-3.
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K2$22: Constant, program notation ”ZSECS%Z)”, scale factor B22, units

centi-seconds. Value is 200 x 27<<, corresponding to a value
of 2 seconds.

KlobS: Single precision constant, program notation "PR 012", scale
factor B6, value 12000, corresponding to 20 x 27°, It is
used to initialize DSR&PTSW to ensure clearing of all DSPTAB
registers for a V36 fresh start (see DSRUPTSW): it forces 10
sets of OUTO settings (DSPTABtO and then remaining DSPTAB's)
and subsequent OUTO = O settings before starting the normal
TARUPT 0.12-second cycle, hence the notation.

K O':

203 Constant, program notation "20J", scale factor B-1, value

3.24,69201E-2 x 21. Value corresponds to 20 x 1.62346005E-3 x
21, where first term is an equation factor of 20 (to give a

net effect of "1 - 5 SIN¢2“ for the factor it multiplies),
second is the nominal value of the computer-employed first
gravitational harmonic coefficient (cf. K2-), and third is

scale factor. Octal value corresponds to g harmonic coefficient
value of about 1.62346009E-3.

Kfcadm : Table of fixed-memory starting addresses used in "V37XEQ" to
i set BASETEMP, arranged in FCADR format (bits 15-11 give the
fixed-memory bank and bits 10-1, when added to 20004, give
S-register contents). Program notation for first cell in

table (i = 0) is "FCADRMM1",

K mqt! Constant, prggram notation "-MUDT(E)", scale factor BLL,
T units meters /centi—second. Value is —7.9Zﬁ06h5E12 b'e Z"AA,
corresponding to -1 x 3.98603225E10 x 200 x 27%%, where first
term is an equation factor to give proper sign of result, second
is value of (for time in centi-seconds) for the earth, third
is computing interval of two seconds expressed in centi-seconds,
and fourth is scale factor.

: Single precision constant, program notation "-MAXDELV", scale
factor Blh, units accelerometer counts. Stored value is -6398 x
214; used in program in such a way that an effective value of
6399 is employed, giving an alarm (at the start of "SERVICER")

if an accelerometer output of 6400 pulses for 2 seconds (i.e.
3200 pps) is received.

Kmxdlv
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Knov37m: Single precision constant, program notation "NOV37MM", scale
factor Blh, giving the number of table entries minus 1 in
Kprml (and associated V37 tables) for new programs that can be

K
ppl

K

K

rndbt’

Krtu

resq’

startéd by the V37 logic (including the minimum key rendezvous driver
programs, but excluding PO0). Value is 000438, corresponding to
decimal 35 (meaning 36 programs).

: Constant, program notation "KPIP1l", scale factor B-7, units

meters/centl—second per accelerome%er cqunt. Value is 0.07,88,
corresponding to 5.85 x 1072 x 10~ , where first term is
nominal accelerometer scale factor in unlts of centimeters/second
per count, second converts to meters, third converts to centi-
seconds, and fourth is scale factor.

: Table of program information used in association with V37 program
1 changes. Table is arranged in order of decreasing program numbers
(a higher i is a lower number), with first cell having program
notation "PREMM1". Bits 7-1 of the cell give the program number
(since program numbers are in decimal, seven bits are necessary to
represent numbers above 63); bits 10-8 are the erasable memory
bank number (required when the job is established); and bits 15-13 are
the job's required DNLSTCOD setting for telemetry. See information below.

: Constant, program notation "RESQ", scale factor B59, units
meters?. Nominal value is 40.6809913E12 x 2'59, where the
decimal portion corresponds to the square of 6 378 165.2 meters.
Octal value is 00001y 05000g, however, which corresponds to

the square of about g 378 238 8 meters.

: Single precision constant, program notation ”BITS“,scale
factor (as used) B23, unlts centi-seconds. Value is

00020,,, corresponding to (as used, i.e. added to the least
significant half of channel 4 tlme information) 0.5 centi-
seconds. Used to account for the fact that channel 4 bits 5-1
"read 20, for the first interval after a TIMEl increment',

thus causing bit 6 of channel 4 to be incremented 5 ms out of
phase with TIMEl increments.

(1 = 0 - 11): Table of single precision constants, program notation
"RELTAB", containing in bits 15-12 the required values to be loaded
1nto bits 15-12 of OUTO for DSPTAB,. Value in these bits is (i + 1).
Bit 11 is zero. The least significant 5 bits of these same constants

are used for Krth (see Data Input/Output).

LGYRO: See IMU Computations.

IREG:

Computer "L" register (address 0001 ) used to retain alarm pattern
information in alarm-generation package

MARKINDX: See Optics Computations.

GENP-33



MINDEX: Single precision cell, scale factor Blk, used to select the
appropriate table entries for a V37-selected program change
(loaded based on equality of MMNUMBER and bits 7-1 of K
with the value of i). pruly

MMNUMBER: Single precision cell, scale factor Bl,, used to retain the
desired new program number for a V37 program change (it is the
number entered in "MMCHANG" or is O if "V37'" entered from 'VERB96').
If the TVC DAP or SPS engine-on are indicated, it is set O.

MMTEMP: Single precision cell loaded in "V37XEQ" with the value of the
appropriate K for use in generating appropriate information in
connection wigﬁm%he Jjob to be established by V37 processing.

MONSAVE, MONSAVEl: See Data Input/Output.

MRKBUF1l: See Optics Computations.

NEWJOB: Cell set positive non-zero to indicate that a job of higher
priority than the one presently being performed (the "DUMMYJOB"
loop has minimum priority) has been established and is awaiting
execution. Cell 0067, is used for the word, and must be addressed
periodically in order to avoid generating a hardware restart (see
hardware documentation for details).

NOUNREG: See Data Input/Output.

NOUT: Single precision cell, scale factor Bl,, used to provide a count of
the number of DSPTAB display outputs (DSPTAB+O - DSPTAB+10) that
are remaining to be changed: if it is non-zero but none are to be
changed, it is set O.

NVWORD+2: See Display Interface Routines.
OPTIND: See Optics Computations.

OPTMODES: See Optics Computations.

OUTO: Computer output channel 10, used to transmit relay driving
information to the display system. Bits 15-12 specify the group
of relays to be driven, while bits 11-1 specify their new state.

PHASEi, -PHASEi (i = 1 - 6): Set of cells used to contain program octal
"phase" information, used to control program restarts (each "i"
is called a "group"). To check the validity of erasable memory
information (and the phase information itself), a check is made
that the information in PHASEi, when complemented, is the same
as the information in -PHASEi (for all i). A setting of +0 for
PHASEL means that the group restart controlled by that cell is
"inactive' (see Section VIIC of 3420.5-27 for details of restart
logic computations not covered in this writeup). In the interests
of avoiding excessive detail (since the '"normal" mode of operation
of the computer system does not require restarts), most of the
settings for restart groups are not shown in the writeups,
although settings in some cases form an integral part of the
program control logic, and hence are shown in such cases.
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As a general guide to allocation of restart groups, the following
areas where each group is used are supplied as a partial list:

#1: P20 (setting to 1.1l causes "PIKUP20" to be entered). A setting
to 1.7 is done in "CHKLINUS" for Rél-specified R60 maneuver. A
setting to 1.5 is used to protect "S40.9" (set by "SETUP.9"),
which of course only occurs with Average-G on, when P20 doesn't
run. If "ROO" concludes that P20 should not run, it resets
group 1 to inactive, thus over-riding the "AVGEND" setting.

#2: Orbital integration (including the periodic state vector update
started by "STATINT1'" for a 2.5 setting). A setting of 2.7
causes '"R22'" to be established, and 2.13 causes "REDOR22" to be
established (the latter setting is done by "AVGEND'", and written
over by "ROO" if necessary). Group 2 is also used for protection
within the R22 computations, which are done at sufficiently high
priority that they would not be expected to be interrupted by
mission programs except while R22 is performing '"WAITONE". A
restart priority lower than that at which job runs is assigned to
permit the mission programs to set e.g. TRACKFIG. Restart group
2 also used to protect the R27 computations.

#3: "540.13"; "P11"; '"ENGINOFF".

#1,: A1l V37-selectable programs except POO (and also other mission
program sequences running outside of Average-G cycle, such as
"p65,1"); '"GCOMPVER"; "AZMTHCGl'". Also V37 processing itself.

#5: '"READACCS" (and subsequent "SERVICER" computations); Prelaunch
alignment.

#6: "CLOKTASK"; Entry autopilot; P27; "S40.6" (via "PRELO.6").

PHSPRDT2: Single precision erasable memory cell used to contain
priority or time information for erasable memory restarts using
group 2 (see Section VIIC of 3420.5-27). It is set to indicate
priority O5, for POO selection in "ROO" in order to achieve
proper priority information for group 2 use in the periodic POO
orbital integration.

PHSPRDTAL: Single precision erasable memory cell used to contain
priority or time information for erasable memory restarts using
group 4 (see Section VIIC of 3420.5-27). It is set to the
priority of the mission program that is established by "V37XEQ'",
for subsequent use by erasable memory restarts.

PIPA: See IMU Computations.

PIPAPI: See Steering Computations.

PIPCTR: Single precision cell, scale factor Bli, used to control the
performance of "QUIKREAD". It is set to 2 in "READACCS" to allow
'QUIKREAD" to be performed 1.0 and 1.5 seconds after '"READACCS'
("READACCS'" itself causes 'QUIKREAD'" to be done 0.5 seconds after
"READACCS").
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PRIORITY, (i = O - 6): Set of cells containing in bits 14-10 the
pri%rity information on computer jobs associated with the
job register set (see Section VIIB of 3420.5-27). If the cell
contains -0, this indicates that the corresponding job register
set is available.

QREG: Computer hardware address 0002,, loaded with return address
information after a "TC" machiné language transfer instruction.
See 3420.5-27 for details (program notation "Q"): the S-register
portion is loaded into QREG.

R .: Temporary storage for updated value of R in "CALCRVG", used

for restart protection purposes and to ensure a homogeneous state
vector on the downlink (same units and scaling as R). It is

used in "NORMLIZE" to initialize R for Average-G: in such cases,
Enl loaded either by '"P11l'" or "MIDTOAVZ2'".

RCSFLAGS: See Digital Autopilot Interface Routines.

REDOCTR: Single precision cell, scale factor Bll, used to count the
number of hardware restarts (entrances to "GOPROG'") that have
been performed. It is initialized to O as part of a verb 36
fresh start.

REQRET: See Data Input/Output.
RESTREG: See Display Interface Routines.
ROLLA180: See Entry Computations: quantity updated in "ATTRATES".

ROLLAPIP: Value of ROLLd180 sampled in "READACCS", scale factor B-1,
units revolutions, single precision. See ALFAJPIP.

RSBBQ: Value of address where hardware restart (causing entrance to
"GOPROG') was generated. Most significant half contains BBCON
(see BBANK above) information and least significant half
has Q-register information.

SCALSAVE: Value of (Channel 3, Channel 4) saved in "P06", scale
factor B23, units centi-seconds. Used to restore the proper
value of the computer clock (modulo 223 centi-seconds or about
23.3 hours) after a period of low-power operation.

SELFRET: Cell containing return address information to routine calling
NCHECKNJ" (a location in the computer self-check memory bank, hence
the name). Must be preset as part of the initial conditions routine
so that the "DUMMYJOB" routine will function properly.

SIN@: Value of sine of latitude computed in "CALCGRAV", scale factor Bl.
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SKEEPi: See Testing Routines.
SMODE: See Testing Routines.
STARIND: See Inflight Alignment.

SUPERBNK: Value of computer channel 07, containing in bits 7-5 the
specification of the ''super bank' setting: <value of 0-3 causes
FBANK settings of 308—37 to read out correspondingly numbered
fixed memory banks; a se%ting of 4 causes FBANK settings of 308—
33, to read out fixed memory banks 40-43 (used e.g. for most
DSKY processing). Also referred to as FEXT.

Tpptml: See IMU Computations.

T5L0C: See Digital Autopilot Interface Routines.
T5PHASE: See Digital Autopilot RCS Routines.

TIMER2SAV: Value of Tnow retained in "P06", scale factor B28, units

centi-seconds (the corresponding value of channels 3 and 4 is
in SCALSAVE), used to permit restoration of the proper value of
the computer clock (Tnow) after a period of low-power operation.

TIME3, TIMEL, TIME5: Computer hardware erasable memory counter clock
cells, whose overflow cause program interrupts #3, #4, and #2
respectively (all are scale factor Blh in units of centi-seconds,
and are set to (1638, - t), with t in centi-seconds, to cause
overflow in "t" centi-seconds). See 3420.5-27.

TRKMKCNT: See Measurement Incorporation.
TTE, TTE2: See Display Computations.
UPSVFLAG: See Uplink Processing.

v 1 Temporary storage for updated value of V in "CALCRVG", used for

B restart protection purposes and to ensure a homogeneous state
vector on the downlink (same units and scaling as V). It is
used in "NORMLIZE'" to initialize V for Average-G: in such cases,
Ynl is loaded either by '"P1l" or "MIDTOAV2'".

VACIUSE (I = 1-5): Control cell indicating, if zero, that the associated
VAC area is assigned; otherwise, it contains its own address
(hence VAC3USE +1 would be the address of the first available
cell in the 43-cell VAC area). Quantities indicated as in
"push-down list", or by their "relative address" identification,
are stored in a VAC area. See 3420.5-27 for more details.

VERBREG: See Data Input/Output.
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VHFCNT: See Measurement Incorporation.
WTOPTION: See Optics Computations.

XOLDBUF: Value of previous XPIPBUF, containing accelerometer samples
with scale factor Blh, units pulses. Cells are all single precision,
with program notations XOLDBUF, YOLDBUF, and ZOLDBUF respectively.
Use same cells as ADOT.+1, ADOT, , and ADOT2+1 (for telemetry
purposes): see Digital Autopilo%Sp RCS Routines.

XPIPBUF: Set of three consecutive erasable memory cells, scale factor
Bl4, units pulses (accelerometer counts, uncompensated). Cells
are all single precision, with program notations XPIPBUF, YPIPBUF,
and ZPIPBUF respectively. Use same cells as ADOTy , ADOT.+1, and
ADOTlS (for telemetry purposes): see Digital Autoﬁglot RCQ

Routines. If Entry DAP is running(bit 12 of FLAGWRD6 = 1), loaded
in "READACCS" with raw accelerometer sample, and updated 0.5, 1.0,
and 1.5 seconds later with present accelerometer count (in
"QUIKREAD"), with previous value of XPIPBUF being stored in
XOLDBUF .
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Verb 37 Major Mode Tables

Mode Address  EBANK DNLSTCOD Mode Address  EBANK DNLSTCOD
00 e - 0 48 ""P4BCSM" 6 3
01 "GTSCPSS" 5 0 50 "p5Q! i 0
06 "pO6! I 0 51 A 5 0
20 "PROGRO" 6 2 52 "PROG52" 5 0
21 "PROGR1" 4 2 53 nps1N 5 0
25 "P25CSM' 6 2 50 "PROG52' 5 0
29 BEg 7 2 55 P55 7 0
30 "P30" 7 2 61 HpGLM 6 3
31 HpgLM I 2 62 np6RY 6 1
32 "F3g b 2 R 7 2
33 "p33 b 2 81 "pgL! 6 2
34 NP3, b 2 82 npgR!! 6 2
35  "E3 L 2 83 'Pe3" 6 2
36 np36H I 2 8l NP 6 2
27 ST 7 2 85 et 6 2
38 "p3g b 2 86 "pg6!! 6 2
4O "PLOCSM" 6 3 g7 gy 6 2
41 "PLICSM' 6 3 88 "pggH 6 2
L7 "PL7CSM" . 6 3

“Table entries for P53 and P5L indicate starting address of "P53" and
"PEL" respectively, but these tags are defined to be equal to "P51'" and
‘"PROG52'", as shown.

P81-P88 are control drivers for minimum key rendezvous cycling: they are
not intended for manual selection.
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IMU Computations

RO2BOTH  Entered from "PLOS/F" (PLO/PL1), "PL7CSM" (PL7/PL8), "P50",
"P55", "PROGR20", "PROG52" (P52/P5L), "S61.1" (P61/P62), and

"Y89CALL"
If bit 13(REFSMF1G) of FLAGWRD3 = O:
If bit 9(IMUOPBIT) of IMODES30 = O: (IMU turned on)
TS = 02208
If bit 9(IMUOPBIT) of IMODES30 = 1:
BE = 02104

Perform "VARALARM"

Proceed to "GOTOPOOH"
Set bit 8(IMUSE) of FLAGWRDO = 1
Return

PIPASR

Tpptml - Tnow

Set least significant halves of DELV = O (flag for telemetry that
DELV not compensated)

Set DELV = PIPA and PIPA = -0 PIPA reset so that no counts are lost.
Only most significant halves of DELV
loaded. Special precautions taken to
make routine restartable: if get a
restart, 1dPIPADT set to K

2secp’
Return
1/PIPA
If GCOMPSW < O, Return
Inhibit interrupts
Perform the following for i = z, y, x:
DELV, = DELV, + C_, DELV, - C_. . 1dPIPADT
i 1 pipascft. il pipabias.
sp i sp i
Release interrupts
GCOMP_ = GCOMP_. - C DELV. + C DELV. - C 1dPIPADT
% p.d ad,x b'd sr,X y nbd ,x
.GCOMP_ = GCOMP_ - C DELV. + C DELV. - C 1dPIPADT
y ¥ ad,y y ST,y z nbd,y
GCOMP_ = GCOMP_ - s
z 2~ Cad,s DBLV, - Cgp. , DELV, + Cppy . 1dPIPADT
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If magnitude of any GCOMP, (i=x,y,2) 3 chck:
Establish "1/CHECK" (priority 218)
Return
NBDONLY Established by "SVCT3"
If GCOMPSW < O, End of job
Inhibit interrupts
If bit 15(DRIFTFLG) of FLAGWRD2 = O, End of job
Set TS = 1dPIPADT and 1dPIPADT = TIMEL
Release interrupts
TS = 1dPIPADT - TS (i.e. new value minus old value)
Proceed to '""NBD2"
LASTBIAS Established by "PREREAD"
Perform "PIPUSE"
If GCOMPSW < O, End of job

TS = (least significant half of T — 1dPIPADT

pptml)
1dPTIPADT = K
2secp
Proceed to '""NBD2'"
NBD2
If TS = 0, End of job
If Ts €0:

TS = TS + 1638l centi-seconds (correct for TIMEl overflow)

GCOMP_ = GCOMP_ - cnbd’x 8 (TS scaling here B19)
GCOMP_ = GCOMP_ - C TS

y y nbd,y
GCOMP = GCOMP_ + C TS

Z Z nbd,z

If magnitude of any GCOMP, (i=x,y,2) Z'chck:
Proceed to "1/GYRO"

End of job
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1/CHECK
If IMUCADR # O:
End of job
Proceed to "1/GYRO"
1/GYRO

Shift GCOMP right 7 places (bits corresponding to 2'8 pulses and below
are lost), making scaling B2l pulses

TS = "GCOMP"
Perform "IMUPULSE"

Perform "IMUSTALL'": if error return, proceed
otherwise, proceed

Shift least significant half of GCOMP left 7 places, making scaling
of double precision number (for most significant halves 0) Bl,
pulses. Bits 14-8 of least significant half lost (expected to
be O for normal operation)

End of job

IMUMON Entered from "PROCEEDE'" every 0.48 seconds

TS:L = (bits 15-11 and 9 of channel 30)

If TS, = (bits 15-11 and 9 of IMODES30):

Proceed to "TNONTEST"
TS = 0 (in RUPTREG2 cell)

Set those bits of TS = 1 that are different in IMODES30 and TSl
(in the range of bits 15-11 and 9)

Set (bits 15-11 and 9 of IMODES30) = TS,
If bit 15 of TS = 1: (IMU temperature)
TS = bits 14-1 of TS (Tag here "TLIM")
If bit 15(TLIMBIT) of IMODES30 = 1:
Set bit A4(Temperature Caution) of channel 11 = 1
‘If bit 15(TLIMBIT) of IMODES30 = O:
If bit 1(IMPTSTBT) of IMODES33 = O:

Set bit L4(Temperature Caution) of channel 11 = O

IMUC-3 .



If bit 14 of TS = 1: (IMU turn-on request)
If bit 2(DLAYFAIL) of IMODES30 = O: (Tag here "ITURNON")
If bit 14(TONISSBT) of IMODES30 = O:
Set bit 7(ITNON1BT) of IMODES30 = 1
If bit 14(TONISSBT) of IMODES30 = 1:

If bit 15(ISS Turn-on Delay Complete) of channel
12 = O

Set bit 2(DLAYFAIL) of IMODES30 = 1
Perform "ALARM" (pattern 02078)
If bit 13 of TS = 1: (IMU fail)
Perform "SETISSW"
If bit 12 of TS = 1: (IMU CDU fail)
Perform "SETISSW"
If bit 11 of TS = 1: (IMU cage command)
If bit 11(CAGEBIT) of IMODES30 = 1: (Tag here "IMUCAGE")

Set bit 4 (No Attitude) of DSPTAB+1l = O, and flag for
output at next opportunity

Set bit 5(Zero IMU CDU) of chammel 12 = 1
CDU = 0

Call "UNZ2" in 0.32 seconds

Proceea to "C33TEST"

Set bits 15-10 (IMU and CDU drive enable and gyro drive enable)
of channel 14 = O

Set bits 8(TVC Enable), 6-4 (Enable IMU CDU Error Counters, Zero
IMU CDU, and Coarse Align IMU), and 2(Enable Optics Error
Counters) of channel 12 = 0

Set bit 7(ENGONFLG) of FLAGWRD5 = O

Set bit 13(SPS Engine On) of channel 11 = O

Perform "CAGESUB" (starting at 3rd line)
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(If bit 11 of TS = 1):

Set bits 5(TRACKFIG) of FLAGWRD1, 15(DRIFTFLG) of FIAGWRD2, and
13 (REFSMFLG) of FLAGWRD3 = O

CDUXCMD = -0
GYROCMD = -0
Set bits 9-6 (Gyro drive selection) of channel 14 = 0
If bit 9 of TS = 1: (IMU operate)
If bit 9(IMUOPBIT) of IMODES30 = 1: (Tag here "IMUOP")
Set bit 6(NOIMUDAP) of IMODES33 = 1

Set bits 5(TRACKFLG) of FLAGWRD1, 15(DRIFTFLG) of FLAGWRD2
and 13 (REFSMFIG) of FLAGWRD3 = O

3

Set bit 9(UTFLAG) of FLAGWRD8 = O

If bit 8(IMUSE) of FLAGWRDO = 1:
Perform "ALARM' (pattern O2lly)

Set bits 8(IMUSE) and 7(RNDVZFIG) of FLAGWRDO = O

If bit 9(IMUOPBIT) of IMODES30 = O:

If bit 2(DLAYFAIL) of IMODES30 = O:

Set bit 7(ITNON1BT) of IMODES30 = 1
Proceed to "TNONTEST"
TNONTEST

If bit 7(ITNON1BT) of IMODES30

I
g

Proceed to "C33TEST"

If bit 8(ITNON2BT) of IMODES30 = O:
Set bit 8(ITNON2BT) of IMODES30 = 1
Proceed to '"C33TEST"

Set bits 8-7(ITNON2BT, ITNON1BT) of IMODES30 = O (Tag here "PROCTNON')
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If bit 14(TONISSBT) of IMODES30 = 1:
If bit 4(Coarse Align) of channel 12 = 1: (Tag here '"OPONLY')
Proceed to "C33TEST"
If bit 8(IMUSE) of FLAGWRDO = 1:
Proceed to "C33TEST"

Set bits 6-3 (IMUNITBT, NOACCALM, IMUFINHT, ICDUINHT) and bit
1(ACCFINHT) of IMODES30 = 1

Set bit 6(NOIMUDAP) of IMODES33 = 1

Set bit 4(No Attitude) of DSPTAB+11l = O, and flag for output
at next opportunity

Set bit 5(Zero IMU CDU) of channel 12 = 1
ChU = 0
Call "UNZ2" in 0.32 seconds
Proceed to "C33TEST"
If bit 9(IMUOPBIT) of IMODES30 = 1:
Perform "ALARM" (pattern 02138)
Perform "CAGESUB"
Call "ENDTNON" in 90 seconds
Proceed to "C33TEST"
C33TEST
TS, = (bits 13-11 of channel 33)
Reset channel 33 flip-flops (bits 15-11, done by a Write-type order)
If TS, = (bits 13-11 of IMODES33):
Proceed to '"GLOCKMON'
S =0

Set those bits of TS = 1 that are different in IMODES33 and TS

(in the range of bits 13-11) 1

Set (bits 13-11 of IMODES33) = TS,
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If bit 13 of TS = 1: (Accelerometer fail)

Set bit 10(PIPAFLBT) of IMODES30 = bit 13(PIP2FLBT) of IMODES33

(Tag here "PIPFAIL")

Perform "SETISSW'"
If bit 1(ACCFINHT) of IMODES30 = 1:

If bits 10-7 (PIPAFLBT, IMUOPBIT, ITNON2BT, ITNON1BT) and
bit 5(NOACCAIM) of IMODES30 all = O:

Perform "ALARM" (pattern 02128)
If bit 12 of TS = 1: (Downlink too fast)
If bit 12(DNIKFAIL) of IMODES33 = O: (Tag here "DNTMFAST'")

Perform "ALARM" (pattern 11058)
If bit 11 of TS = 1: (Uplink too fast)
If bit 11(UPIKFAIL) of IMODES33 = O: (Tag here "UPTMFAST')
Perform "ALARM" (pattern 11068)
Proceed to "GLOCKMON"
GLOCKMON Entered every 0.48 second after computations of 'IMUMON"
TS = |oDu, | + K70degs
If TSXLO:
If bit 6(Gimbal Lock) of DSPTAB+1l = O, Resume
If bit 1(IMPTSTBT) of IMODES33 = O:

Set bit 6(Gimbal Lock) of DSPTAB+1l = O, and flag for
output at next opportunity

Resume
If (TS + Kml’jdegs)) 0:
If bit L4(Coarse Align) of channel 12 = O:

If bits 14-13 of DAPDATR1 = 11 (Saturn DAP)

o
If bit 1(AVEGFLAG) of FLAGWRD1 = 1:
Skip next 2 lines
Perform '"SETCOARS"
Call "CA+ECE" in 0.06 seconds

If bit 6(Gimbal Lock) of DSPTAB+1l = 1, Resume
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If bit 6(IMUNITBT) of IMODES30 = 1, Resume

Set bit 6(Gimbal Lock) of DSPTAB+1l = 1, and flag for output at
next opportunity

Resume
SETISSW
Ts3 = (bits 4(IMUFINHT), 3(ICDUINHT) and 1(ACCFINHT) of IMODES30)

BhArE TS3 left 9 places (loading bits 13, 12, and 10)

I8 = T8 IMODES30  (bits 13, 12, and 10 of IMODES30 are IMUFLBIT,
ICDUFLBT, and PIPAFLBT)

Ts5 = bits 13, 12, and 10 of (- Tsh)

If T85 # O: (means that 13/4, 12/3, and 10/1 bit pairs not have
at least one of the two bits of the pair a binary 1)

TS = TS5 - 1 (communication cell with "VARATARM'", not affecting
the TS of e.g. "IMUMON")

Perform "VARALARM"

Set bit 1(ISS Warning) of channel 11 = 1
Return
If bit 1(IMPTSTBT) of IMODES33 = O:
Set bit 1(ISS Warning) of channel 11 = O
Return
CAGESUB

Set bit 15(ISS Turn-on Delay Complete) and bit 6(Enable IMU CDU
Error Counters) of channel 12 = O

Set bit 5(Zero IMU CDU) and bit 4(Coarse Align) of channel 12 = 1

Set bit 4(No Attitude) of DSPTAB+1l = 1, and flag for output at
next opportunity (Tag here '"CAGESUB1'")

Set bits 6-3 (IMUNITBT, NOACCAIM, IMUFINHT, ICDUINHT) and bit
1(ACCFINHT) of IMODES30 = 1

Set bit 6(NOIMUDAP) of IMODES33 = 1

Return
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ENDINON

If bit 2(DLAYFAIL) of IMODES30 = 1:

1l
O

Set bit 2(DLAYFAIL) of IMODES30
If bit 14(TONISSBT) of IMODES30 = O:
Delay 90 seconds
Proceed to "ENDTNON"
If bit 8(IMUSE) of FLAGWRDO = 1:
Proceed to "IMUBAD"
End of task
Set bit 15(ISS Turn-on Delay Complete) of channel 12 = 1

Set bit 4(No Attitude) of DSPTAB+1l = O, and flag for output at
next opportunity

Proceed to "UNZ2"
UNZ2
CDU = O
Set bit 5(Zero IMU CDU) and bit A4(Coarse Align) of channel 12 =
Delay 7.9 seconds
Set bits 6(IMUNITBT), A4(IMUFINHT),and 3(ICDUINHT) of IMODES30 =
Set bit 6(NOIMUDAP) of IMODES33 = O
Perform '"SETISSW"
Set bit 15(ISS Turn-on Delay Complete) of channel 12 = O
Call "PFATLOK" in ) seconds
End of task
PFATIOK Called by 'UNZ2"

If bit 6(IMUNITBT) of IMODES30 = 1, End of task

il

Set bit 10(PIPAFLBT) of IMODES30 = 1

Set bit 13(PIP2FLBT) of IMODES33

i

X

Set bit 5(NOACCAIM) of IMODES30 = O
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Perform "SETISSW"
End of task
IFAILOK Called by "IMUFINE"
If bit 6(IMUNITBT) of IMODES30 = 1, End of task
If bit 4(Coarse Align) of channel 12 = 1, End of task
Set bit 13(IMUFLBIT) of IMODES30 = 1
Set bit 4(IMUFINHT) of IMODES30 = O
Perform "SETISSW"
End of task
IMUZERO Entered from "GEOIMUTT", "GTSCPSS", and '"VBZERO!
Inhibit interrupts
If bit 6(Gimbal Lock) and bit 4(No Attitude) of DSPTAB+11 = 11,:
Perform "ALARM" (pattern 02068)
IMUCADR = -0
Release interrupts
Return
If bit 6(IMUNITBT) of IMODES30 = 1:
IMUCADR = -0

Release interrup: s

Return
Set bits 6-5 (NOIMUDAP, IMUZROBT) of IMODES33 = 1
Set bits 4-3 (IMUFINHT, ICDUINHT) of IMODES30 = 1

Set bit 6(Enable IMU CDU Error Counters) and bit 4 (Coarse Align)
of channel 12 = O

Set bit 4(No Attitude) of DSPTAB+1l = O, and flag for output at
next opportunity

Set bit 5(Zero IMU CDU) of channel 12 = 1

IMUC-10



CDU = O
Call "IMUZERO2" in 0.32 seconds
If bit 9(IMUOPBIT) of IMODES30 = 1:
Perform "ALARM" (pattern 02108)
Release interrupts
Return
IMUZERO2
If bit 6(IMUNITBT) of IMODES30 = 1:
Proceed to '"IMUBAD"
CDU = 0
Set bit 5(Zero IMU CDU) of channel 12 = 0
Delay 7.9 seconds
If bit 6(IMUNITBT) of IMODES30 = 1:
Proceed to "IMUBAD"
Set bits 4-3 (IMUFINHT, ICDUINHT) of IMODES30
Set bits 6-5 (NOIMUDAP, IMUZROBT) of IMODES33
Perform "SETISSW'"
Proceed to "ENDIMU"
IMUCOARS
Inhibit interrupts
If bit 6(IMUNITBT) of IMODES30 = 1:
IMUCADR = -0
Release interrupts
Return
Perform '"SETCOARS"
Call "COARS" in 0.06 seconds
Release interrupts |

Return
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COARS
If bit 6(IMUNITBT) of IMODES30 = 1:
Proceed to "IMUBAD"
Set bit 6(Enable IMU CDU Error Counters) of channel 12 = 1

COMMAND = THETAD - CDU ones complement difference formed, and
rounded shift used to rescale to Bl rev.

Delay 0.02 seconds
Proceed to ''COARS2"
COARS2
If bit 6(IMUNITBT) of IMODES30 = 1:
Proceed to "IMUBAD"
TS, =0 (in ITEMP1 cell)
Perform the following for i = Z,Y,X:
If |COMMANDi| = O:
CDUiCMD = -0
If |COMMAND: | # O:
TS, = T8, + 1

1 1

TS = |ooMManDi| + K
mcommax

If TS)» O:

COMMANDL = TS sgn COMMANDi

CDUiCMD = - K sgn COMMANDi
memxm
If TS L O:
CDUiCMD = COMMANDi
COMMANDL = O
If TS, » O (i.e. non-zero commands to be sent)

Set bits 15-13(Gate outputs from CDUXCMQ) of channel 14 = 1
Delay 0.6 secords

Proceed to "COARS2"
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Delay 1.5 secords
If any(,CDUi - THETADil + K ey) D O (i = x,y,2)
Perform "ALARM" (pattern 02118)
Proceed to "IMUBAD"
Proceed to "ENDIMU"
CA+ECE
Set bit 6(Enable IMU CDU Error Counters) of channel 12 =1
End of task
SETCOARS
If bit 4(Coarse Align) of channel 12 = 1, Return

Set bit 6(Enable IMU CDU Error Counters) of channel 12

Il
(®

Set bit 10(Gyro Output Drive) of channel 14 = O
GYROCMD = -0
Set bit 4(Coarse Align) of channel 12 = 1

Set bit 4(No Attitude) of DSPTAB+11l = 1, and flag for output at
next opportunity

Set bit 6(NOIMUDAP) of IMODES33 = 1
Set bit A4(IMUFINHT) of IMODES30 = 1

Set bits 5(TRACKFIG) of FLAGWRD1, 15(DRIFTFLG) of FLAGWRD2, and
13(REFSMFLG) of FLAGWRD3 = O

Return
IMUFINE Tag also '"IMUFIN20"
Inhibit interrupts
If bit 6(IMUNITBT) of IMODES30 = 1:
IMUCADR = -0
Release interrupts

Return
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Set bits 5(Zero IMU CDU) and 4(Coarse Align) of channel 12 = O
Set bit 6(NOIMUDAP) of IMODES33 = O

Set bit 4(No Attitude) of DSPTAB+1ll = 0, and flag for output at
next opportunity

Call "IFAILOK" in 5.12 seconds
Call "IMUFINED" in 2 seconds
Release interrupts
Return
IMUFINED
If bit 6(IMUNITBT) of IMODES30 = 1:
Proceed to "IMUBAD"
Proceed to "ENDIMU"
PIPUSE Entered from "ESTIMS'" and "LASTBIAS"
PIPA = -0
If bit 6(IMUNITBT) of IMODES30 = 1, Return
Inhibit interrupts
Set bit 1(ACCFINHT) of IMODES30 = O
Perform "SETISSW"
Release interrupts
Return
PIPFRER Entered from "AVGEND'
Inhibit interrupts

Set bit 1(ACCFINHT) of IMODES30

il
H

If bit 10(PIPAFLBT) of IMODES30

I
L

Release interrupts
Return
Perform "ALARM" (pattern 02128)
Inhibit interrupts
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Perform "SETISSW"

Release interrupts

Return

IMUPULSE

If bit 6(IMUNITBT) of IMODES30 = 1:
IMUCADR = -0
Return

If IGYRO = O:
Set bit 6(Enable Gyro Power Supply) of channel 14 =1
Call "STRTGYRO" in 0.04 seconds

If IGYRO » O:
Put present job to sleep (starting address id = "GWAKE")
When awakened, put to sleep again if IGYRO » O
Call "STRTGYRO" in 0.0l seconds

IGYRO = TS (TS set on entrance to "IMUPULSE" with address of
first gyro command)

Force sign agreement of E (i.e. each double precision axis)
IGYROdp
Return
STRTGYRO
Set bits 10-7 (Gyro select bits) of channel 14 = O
If bit 6(IMUNITBT) of IMODES30 = 1:
Proceed to ''DONTPULS"

Proceed to "STRTGYR2!

STRTGYR2
If bits 14-13 of IGYRO = 002: (initial condition value)
7S, = 2
3
TS, = Bit 8 (Gyro Y-axis selection)

L
Proceed to "GSELECT"
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If bits 14-13 of LGYRO = 012:
TS, = 2
3

TSA

Proceed to '"GSELECT'"

Il

Bits 8-7 (Gyro Z-axis selection)

If bits 14-13 of IGYRO = 102:
TS, =0
3

TSl+

LGYRO = IGYRO - 4 (sets for address of X component)

i

Bit 7 (Gyro X-axis selection)

Proceed to "GSELECT"
LGYRO = O (bits 14-13 of LGYRO = 11,)
Awaken job (if any) put to sleep with starting address id = "GWAKE"
Proceed to '"IMUFINED"
GSELECT

IGYRO = IGYRO + TS3 + 10000, (octal number is bit 13, to cause y,z,x
output sequence)

ADRIGYR = (bits 11-1 of LGYRO)

TS = B\ pricyr
dp

If (JTs| + K ) L0:

Proceed to '"STRTGYR2"

TS =TS + K sgn TS (modulo 1 revolution or 9?1 pulses)
gyrfrc
If TS €0:
TSh = TS}+ + Bit 9 (Negative gyro torquing)

Set those bits of channel 14 = 1 that are 1 in TSh (selects proper
axis and sign)

B DRIGYRL — (bits 7-1 of ’EADRIGXR+1,) sgn By perove (save fractional
dp part)
TS = X [rs)
gyrsc
TS, = integral part of (TS/8192)
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T82 =T5 - 8192 TS

I1f TSl > 1:

1 (in range 0 - 8191)

= - " 1
E ) DRLGYR+O TS, - 2 (Tag here "LONGGYRO")

GYROCMD = 8192 + T52
Call "8192AUG" in (K ., GYROCMD - 3) centi-seconds
Set bit 10(Gyro Output Drive) of channel 14 = 1
End of task

If TSl = 1:
T52 = T82 + 8192

0

By pR1gYRIO ~
GYROCMD = TS,
If bit L(IMU Coarse Align) of channel 12 = O:
If bit 6(IMUNITBT) of IMODES30 = O:
Call "TWOPULSE" in (Kbtlo GYROCMD + 3) centi-seconds
Set bit 10(Gyro Output Drive) of chamnel 14 = 1
End of task
Proceed to "DONTPULS"
8192AUG
If bit 4L(IMU Coarse Align) of chamnel 12 = 1:
Proceed to "DONTPULS"
If bit 6(IMUNITBT) of IMODES30 = 1:
Proceed to ""DONTPULS"
If

Eyprigyrio 2 O
Bypr1gyro = Paprigymio Tt
GYROCMD = GYROCMD + 8192
Call "8192AUG" in (Kbth GYROCMD - 3) centi-seconds
Set bit 10(Gyro Output Drive) of channel 14 = 1

End of task
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GYROCMD = GYROCMD + 8192
If bit 4(IMU Coarse Align) of chammel 12 = O: (redundant with check
already done)
If bit 6(IMUNITBT) of IMODES30 = O:
n (] $
Call "TWOPULSE" in (Kbth GYROCMD + 3) centi-seconds
Set bit 10(Gyro Output Drive) of channel 14 = 1
End of task
Proceed to '"DONTPULS"
TWOPULSE (Purpose is to have "last'" torquing always negative)
Set bit 9(Negative Gyro Torquing) of channel 14 = O

GYROCMD

Il

2 (sent in less than 1 ms)

Set bit 10(Gyro Output Drive) of channel 14 = 1

Call "STRIGYRO" in 0.0l second (logic for this requires over 1 ms)
Set bit 9(Negative Gyro Torquing) of channel 14 = 1

GYROCMD = 2

Set bit 10(Gyro Output Drive) of channel 14 = 1

End of task
DONTPULS
IGYRO = O

Awaken job (if any) put to sleep with starting address id = "GWAKE"

Proceed to "IMUBAD"
ENDIMU
If bit 1(ISS Warning) of channel 11 = 1:
Proceed to 'IMUBAD"
If IMUCADR = +O0:
IMUCADR = -1
End of task

Awaken job put to sleep in "IMUSTALL" and cause it to start at
(IMUCADR +1), indicating a success
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IMUCADR = +0
End of task
IMUBAD
If IMUCADR = +0:
IMJCADR = -0
End of task

Awaken job put to sleep in "IMUSTALL'" and cause it to start at
(IMUCADR), indicating an error

IMUCADR = +0
End of task
IMUSTALL

If IMUCADR » O, proceed to "POODOO'" (pattern 212108)

If IMUCADR = +0, set IMUCADR = (Calling address +1, in FCADR
format), and put present job to sleep

If IMUCADR = -0:

IMUCADR = +0

Return (to calling address +1, indicating an error)
If IMUCADR = -1:

IMUCADR = +0

Return (to calling address +2, indicating a success)

If IMUCADR < -1, proceed to "POODOO" (pattern 212108)
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Quantities in Computations

See also list of major variables and list of routines

1dPIPADT: Cell containing time information used with IMU compensation

routines. During free-flight portions, contains value of TIMEL
when previous gyro drift compensation was made, scale factor Blj,
units centi-seconds (with optional tag "OLDBT1"). During those
portions of flight when "1/PIPA" is entered, contains value of
computing interval, scale factor B8, units centi-seconds. Both
quantities are single precision. Cell is set to 2 seconds in
"P11" and in "LASTBIAS'", and to % second in "GTSCPSS'".

ADRIGYR: Dummy quantity used to indicate that gyro compensation

gpipabias'

information taken from least significant 11 bits of LGYRO. Bits
11-9 are loaded into EBANK (see Data Input/Output) and bits 8-1
are added to lhOO8 to give address within the erasable memory bank.

: Set of three single precision erasable memory constants, program

notation "ADIAX", "ADIAY", and "ADIAZ", to correct for "IRIG
acceleration sensitive drift along the input axis'', scale factor
B—Zi units gyro pulses/accelerometer count. One gyro pulse is

27<+ revolution and one accelerometer count is a velocity increment
of 5.85 centimeters/second. The units of the constant can also be
expressed as '"meru/g", where one meru is 1072 x earth rate. In
these units, the scaling of the constant ie about 19.0304345 least
increments per (meru/g): this figure is 2! x 0.024339048 x

(5.85 x 107<)/9.80665, where first term is the reciprocal of the
least increment for units of gyro pulses/accelerometer count; the
second term is the number of gyro pulses/meru (0.1 K , see
Prelaunch Alignment); the third is the accelerometer Seg18 factor
in units of meters/second; and the fourth is gravity (meters/sec<).
If earth rate is simplified to 15 degrees/hour, the number of
least increments per (meru/g) is reduced to about 18.9785.

: Set of three single precision erasable memory constants, program

notation "NBDX'", "NBDY", and '"NBDZ", to correct for '"IRIG bias
drift", scale factor B-5, units gyro pulses/centi-second. The

units of the constant can also be expressed as "meru', in which

case the scaling_is about 127.606708 least increments per meru:

this figure is 217 x 0.01 x 0.024339048 (see C_.: the 0.0l factor

is for centi-seconds). For earth rate simplif%ed to 15 degrees/hour,
the number of least increments per meru is reduced to about 127.2583.

: Set of three single precision erasable memory constants,
program notation for first "PIPABIAS" (or "PBIASX', "PBIASY",
and ”PBIASZ“), to correct for "accelerometer bias'', scale factor
B-6, units accelerometer counts/centi-second. The units of the
constant can also be expressed as ”cm/secz”, in which case the
scaling is about 1792.4376 least increments per cm/sec2: this figure
is 2<Y x 0.01 x (1/5.85), where first term is reciprocal of normal
least increment, second compensates for centi-seconds,
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and third is reciprocal of accelerometer scale factor. In-flight
evaluation could be performed by determining the number of accelerometer
counts accumulated jn a period of 320 seconds, multiplying by two

to give counts in @° x 10) seconds, and then dividing by 1000 to

give scaled counts/centi-second. N21 can be used to read PIPA

cells and NO1l with decimal input can be used to load the appropriate
cells (1452, 1454, and 1456 in ECADR form for x, y, z respectively).

C . gt Set of three single precision erasable memory constants, program
TPIPasCL tation "PIPASCFX", "PIPASCFY", and "PIPASCFZ'", scale factor
B-9, units accelerometer counts/accelerometer count, used to

correct for "accelerometer scale factor error.' The units of the
constant can also be expressed as "parts per million (PPM)", in
which case the sggling ig 8.388608 least increments per PPM:

this figure is 2/ x 107, where first term is reciprocal of

normal least increment and second is PPM conversion.

: Set of three single precision erasable memory constants, program
notation "ADSRAX'", "ADSRAY", and "ADSRAZ", to correct for "IRIG
acceleration sensitive drift along the spin reference axis',
scale factor B-3, units gyro pulses/accelerometer count. See
discussion with C_, (which has same scaling).

CDUXCMD (CDUXCMD, CDUYCMD, CDUZCMD): Single precision value of computer
special erasable memory cells 0050, - 0052,. Output pulses are
generated based on the contents of these cells if bits 15-13 of
channel 14 (respectively) are set 1, and the respective IMU CDU
error counter is loaded from the pulse train information if bit 6
of channel 12 is 1. Pulses may be used to coarse align the IMU
if bit 4 of channel 12 is set (in this case, IMU stable member
movement causes the error counter information to be decremented),
with 213 pulses giving one revolution. Pulses are generated at
a rate of 3200 pps. See also Digital Autopilot Interface Routines.

COMMAND: Single precision value of required coarse-align command, scale
factor Bl, units revolutions. Could also be considered (see above
discussion of CDUiCMD) to have a scale factor Bl4, units coarse-
align pulses.

DAPDATR1: See Digital Autopilot Interface Routines.

GCOMP: Value of required gyro compensation command, computed with a scale
factor Bl but used in "IMUPULSE" with a scale factor B21 (or,
‘alternatively, with a scale factor BO revolutions rather than B21
gyro pulses, since there are 221 gyro pulses/revolution).

GCOMPSW: Single precision control cell used to bypass the performance
of "1/PIPA" and "NBDONLY" if is negative. Set O in "GTSCPSS".

GYROCMD: Single precision value of computer special erasable memory cell
0047, used to control generation of gyro torquing pulses at a
3200 pps rate if bit 10 of channel 14 = 1. Gyro power supply for
the pulses is enabled by bit 6 of channel 14, bits 8-7 indicate
the axis, and bit 9 is 1 if a negative command is to be produced.
One pulse is 2-2l pevolution.
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IMODES30: Single precision flag word used for control of "TLRUPT'" routines

associated with channel 30 inputs.
A restart ("GOPROG")sets bits 14-10 to 1 and sets bits

given below.

15, 8-6, and 2 to O.

Bit

15

14

13

12

11

10

Symbol
TLIMBIT

TONISSBT

IMUFLBIT

ICDUFLBT

CAGEBIT

PTPAFIBT

IMUOPBIT

ITNONZ2BT

ITNON1BT

IMUNITBT

NOACCALM

IMUFINHT

Individual bits have the meanings

Meaning

Last sampled value of channel 30 bit 15 (0 if stable

member within designed temperature 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 by the
IMU hardware) .

Last sampled value of channel 30 bit 12 (O if
an IMU CDU fail indication has been generated by
the IMU CDU hardware).

Last sampled value of channel 30 bit 11 (0 if
an IMU cage command generated by the crew).

Same as bit 13 of IMODES33 (0O if an accelerometer
fail indication produced by the hardware, channel
33 bit 13).

Last sampled value of channel 30 bit 9 (O if
IMU turned on and operating with no malfunctions).

Bit 7 of IMODES30 sensed as 1 (i.e. turn-on
request received). Used to achieve a wait of
0.48 seconds (during which bit is 1) before acting
on turn-on information.

IMU turn-on request received (a change in value
to a logic 1, i.e. binary O, of bit 14 or bit 9
of IMODES30).

Bit set 1 to indicate that IMU use should not

be attempted: set 1 during the turn-on sequence,
if bit 11 of IMODES30 indicates a cage command, or
ISS zeroing in "TLRUPT" loop.

Bit set 1 to inhibit generation of program alarm
2124 in "C33TEST" (for accelerometer fail signal).

Bit set 1 to inhibit generation of ISS Warning

signal based on IMU fail signal (bit 13 of IMODES30).
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Bit Symbol Meaning

3  ICDUINHT Bit set 1 to inhibit generation of ISS Warning
signal based on receipt of IMU CDU fail signal
(bit 12 of IMODES30).

2  DLAYFAIL Bit set 1 to indicate failure of the turn-on
delay sequence (IMU turn-on signals not present
for the required time interval).

1  ACCFINHT Bit set 1 to inhibit generation of ISS Warning

signal based on receipt of accelerometer fail
signal (bit 10 of IMODES30).

IMODES33: Single precision flag word used for control of "TLRUPT"
routines associated with channel 33 inputs (and other functions).
Individual bits have the following meanings.

Bit Symbol Meaning
14  PROCDBIT Last sampled value of channel 32 bit 14 (O

if a Proceed pushbutton command given). This
bit is used in '"PROCEEDE'.

13  PIP2FLBT Last sampled value of channel 33 bit 13 (0
if an accelerometer fail indication has been
produced by the hardware).

12  DNIKFAIL Last sampled value of channel 33 bit 12 (0
if telemetry end pulse rejected, downlink too
fast).

11  UPLKFAIL Last sampled value of channel 33 bit 11 (O

if uplink pulse rejected, uplink too fast).

6  NOIMUDAP Bit set 1 to indicate that IMU use for vehicle
attitude information should not be attempted
(sensed by RCS/docked DAP and Entry DAP),

5 IMUZROBT Bit set 1 in "IMUZERO" and reset O about 8.22
seconds later in "IMUZERO2'". Indicates that
IMU zeroing outside of TLRUPT package is

taking place.

1  IMPTSTBT Bit set 1 if a lamp test (verb 35) is in
progress, to inhibit turn-off of appropriate
indicators.

IMUCADR: Cell containing control information used in association with
"IMUSTALL'": it contains return address information from the routine
or information on the success (if = -1) or failure (if = -0) of
an IMU function.
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B i ) Single precision constant, program notation "PRIO31", octal
P value 310004, scale factor B8, units centi-seconds. Value

corresponds to 2 seconds.

Kpt10: Single precision constant, program notation "BIT1O0", scale
factor BO, units centi-seconds/gyro torquing pulse. Value is
2=5(i.e. 1/32), since output pulse rate is 3200 pps, or 32
pulses/centi-second.

K.opst: Single precision constant, program notation "COARSTOL", scale
factor B-1, units revolutions. Octal value is 775118, which
corresponds (after a one-bit modification used in the program
for convenience in forming the absolute value) to about =2.0105°.

K : Single precision constant, program notation "NEGONE", scale
CPCkfactor Bl,, units gyro pulses, used to check if compensation of

gyros is required. Octal value is 777764, but used in the program
in such a way (a mask on decremented |GC il) that effective
value corresponds to 3 pulses: the most sighificant half of GCOMP4
must be 3 or more pulses for the "]1/GYRO" computations to be
initiated, although lack of sign agreement could make the actual
value only slightly more than 2 pulses.

gyr : Constant, program notation "GYROFRAC", scale factor B21, units
gyro pulses. Stored value is 28 x 2“28, corresponding to about
0.219 pulses (nominal value 0.215).

gyrsc: Dummy constant indicating a rescaling of original contents of
Exppriayr from B2l to B28 pulses. '"Value" is 1.0, scale factor B7.

Kml5degs: Single precision constant, program notation "-15DEGS", scale
factor B-1, units revolutions. Octal value is 752528,

corresponding to about -14.996°.

Km?Odegs: Single precision constant, program notation "-70DEGS", scale
factor B-1, units revolutions. Octal value is 63434,
corresponding to about -70.005° (after a one-bit modification used
in the program for convenience in forming the absolute value).

Kemxm: Single precision constant, program notation "-COMMAX-", scale
factor Bl,, units CDU output pulses. Value is =192 x 2=,

K : Single precision constant, program notation "-COMMAX", scale

MCOMMAX £4 ctor Blh, units CDU output pulses. Value is =191 x 27,
but used in program (for convenience in forming the absolute value)
in such a way that effective value is -~192. Limits change in CDU
angle to 192 least increments per axis (or 8.4375°) each 0.6 seconds.
The maximum pulses required (to go 180 degrees) would be 4096, which
would require '21.3333", i.e. 22 intervals of 0.6 seconds each. With
the additional 1.5 seconds for the K check, time required for
coarse align would be less than abouf®B386 + 0.02 + 22 (0.6) + 1.5,

or 14.78 seconds.
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K : Single precision constant, program notation "-GYROMIN", scale

MEYTM g ot o B7, units gyro pulses. Octal value is 776018, which
corresponds (after a one-bit adjustment used in program for
convenience in forming the absolute value) to (-127/128), i.e.
one least increment less than 1.00 gyro pulse.

LGYRO: Cell containing (if non-zero) address information for gyro
torquing commands. If cell is zero, gyros are '"available" (i.e.

not being driven).

PIPA: Value of special erasable memory cells (0037, - OOAlB) containing
accumulated output counts from the accelerometers, scale factor
Bl,, units counts. One count is 5.85 centimeters/second.

JL

Subsequently loaded into T
for the time tag associateg

ptm?

w.

ki Value of computer clock when accelerometers sampled, program
PP otation "PIPTIME1", scale factor B28, units centi-seconds.

hence can also be used as storage
ith R,q and V) (see General Program

Control) for use by "PREREAD".
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Inflight Alignment

P51 (Tag also "P53")

If bit 9(IMUOPBIT) of IMODES30 = 1: (IMU not on)
Perform "ALARM" (pattern 02108)
Proceed to '"GOTOPOOH"

Proceed to "P51A"

P51A

Set bit 8(IMUSE) of FLAGWRDO = 1

TS = 000158

Proceed to "GOPERF1l": if terminate, proceed to "GOTOPOOH"

if proceed, proceed to "P51B"
otherwise, proceed
THETAD = O
TS = 0622
n

Perform "GODSPRET"

TS = uloovn

Perform "GODSPRET"

If IMUCADR # O:
Delay 1 second (by putting job to sleep via "DELAYJOB")
Proceed to second previous line (recheck IMUCADR)

Perform "IMUCOARS"

Perform "IMUSTALL": if error return, perform "217AILARM"; proceed
otherwise, proceed

"~ Perform "IMUFINE"

Perform "IMUSTALL": if error return, perform "217ALARM"; proceed
otherwise, proceed

Proceed to second line of "P51A"
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STARIND = O

1dPIPADT = TIMELl

GCOMP = 0

Set bit 15(DRIFTFLG) of FLAGWRD2 = 1

If MODREG = 53: (Tag here "P51C", from below)
Perform '"R56"

If MODREG # 53:
Perform "R53"

Perform "SXTSM"

If STARIND = O:

STARSAVL = TS

Perform "PLANET"

PLANVEC

Il

TS

STARIND

]

1
Proceed to 5th line of '"P51B"
STARSAV2 = TS
- Tag h "Ps1F!
TS = T iony, (Tag here "P51F")
Perform "PLANET"

STARBC = TS
STARAC = PLANVEC

STARAD = STARSAVL
STARBD = STARSAV2

Perform "R54"
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If bit 3(FREEFLAG) of FLAGWRDO = O: (e.g. a V32E response in "R54")
Proceed to second line of '""P51A"

Perform "AXISGEN"

1l
o

Set bit 13(REFSMFLG) of FLAGWRD3
[REFSMMAT] = [X4e]
Set bit 13(REFSMFLG) of FLAGWRD3 = 1
Proceed to "GOTOPOOH"
PROG52 (Tag also "P54")
Set bits 7(UPDATFLG) and 5(TRACKFLG) of FLAGWRD1 = O
Perform '"RO2BOTH" \
If bit 7(AUTOSEQ) of FLGWRD1O = 1:
Proceed to '"P52AUTO" {page MINK-7)
If bit 9(UTFLAG) of FLAGWRDS = 1:
If OPINTYPE # O: (means "option 2 of P20", i.e. R67 rotation)
Set bit 5(TRACKFLG) of FLAGWRD1 = 1  (should not have R67 active

in P54 because of delay it can
introduce in "R56")

]
(@)

If bit L4(PFRATFLG) of FLAGWRD2
OPTION2 = 3

If bit 4 (PFRATFIG) of FIAGWRD2 = 1:
OPTION2 = 1

Proceed to "P52B"

P52B.
™S =1
Proceed to "GOPERFA': if terminate, proceed to "GOTOPOOH"
if proceed, proceed

otherwise, proceed to previous line

TS = (bits 2-1 of OPTIONR2)
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If TS = 3: ( [REFSMMAT] orientation)
Proceed to '""P52C"
If T8 = 1: ("preferred" orientation)
Proceed to '"P52D"
If TS = 0 or 2, proceed ("nominal" orientation)
DSPTEMldp = (-0, 0)
TS = OéBAvn
Proceed to "VNFLASH": (if terminate, proceed to "GOTOPOOH")
if proceed, proceed
otherwise, proceed to previous line
If DSPTEML _ = O:
sp
DSPTEMldp = Tnow

Tdecl

Perform "CSMPREC"

= DSPTEMldp (Tag here "S52.3")

oy = VLR

= unlt(ﬂé *¥R ,.)

Lom bt ™ g

S— *
Xopa = Wity * Zgg)

Proceed to ''"P52D"

Perform '"S52.2"
TS = 0622
n

Proceed to '"GOFLASH'": if terminate, proceed to "GOTOPOOH"
if proceed, proceed
otherwise, proceed to "P52D"

If bit 7(AUTOSEQ) of FLGWRD1O = 1:

Proceed to "PERF20" (page MINK-7)

TS = 000138

Proceed to "GOPERF1'": if terminate, proceed to "GOTOPOOH"
if proceed, proceed

otherwise, proceed to '"GYCRS"

Proceed to '"CAL53A" (exits to "P52C")
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P52C

PIC1

PIC3

TS = 000158

Proceed to '"GOPERF1l'": if terminate, proceed to '"GOTOPOOH"
if proceed, proceed
otherwise, proceed to "R51"

sight - Tnow M Ktsgtl

Perform "S50"

T

Perform "CDUTRIG" (This is start of the former '"PICAPAR"
routine: the tag has been deleted)

Perform "CALCSMSC"
Set bit 10(VFIAG) of FLAGWRD3 = 1 (means no star found)

BESTI = O
BESTJ

SAL = malk ( (Koin33 Tae + ¥oos3s Zac) [BEFSMMAi1>

X1 = 228

0

I

Proceed to "PIC1"

If X1 £ 6, proceed to "PICEND"

X1 -6

i

Xl
S =K
= catXl

Perform "OCCULT"

If bit 7(CULTFLAG) of FLAGWRD3 = 1, proceed to "PIC1"

X2 = X1

Proceed to "PIC3"

If X2 £ 6, proceed to "PICL"
X2 =X2 - 6

8=k
catX2

Perform "OCCULT"
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If bit 7(CULTFLAG) of FLAGWRD3 = 1, proceed to "PIC3"

TS = K - K - K
catXl catX2 cssbb

If TS < 0, proceed to "PIC3" (separation more than 76°)

If TS +K proceed to "PIC3" (separation 30° or less)

css66L,0> O

If K + SAX - K < 0, proceed to "PIC1"
catXl css33
If K ¢ SAX K < 0, proceed to "PIC3"
caty, css33
If bit 10(VFLAG) of FLAGWRD3 = 1: (means no star yet found)

Set bit 10(VFLAG) of FLAGWRD3 = O

BESTI = X1

Il

BESTJ = X2

Proceed to "PIC3"

TS, =K - K
1 Teatppgrr R )
Set bit 10(VFLAG) of FLAGWRD3 = 1
TS, = K © K
2 catXl catX2
Set bit 10(VFIAG) of FLAGWRD3 = O
If TS2 - TSl >, 0, proceed to "PIC3" (new pair closer t@an
old pair)
BESTI = X1
BESTJ = X2

Proceed to "PIC3"

OCCULT
If CSUN - (TS * VSUN) <O:
Set bit 7(CULTFLAG) of FLAGWRD3 = 1
Return
If CEARTH - (TS + VEARTH) <O:
Set bit 7(CULTFLAG) of FLAGWRD3 = 1

Return
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Set bit 7(CULTFLAG) of FLAGWRD3 =

Return
PICEND Entered from "PIC1l'" at the end of the star table scan
If bit 10(VFLAG) of FLAGWRD3 = 1: (means no stars found)

Perform "ALARM" (pattern OAO58)

= 0509
Proceed to '"GOFLASH": if terminate, proceed to "GOTOPOOH"

if proceed, proceed
otherwise, proceed to "P52C"

Proceed to '"R51"

S50 (Tag also '"LOCSAM'")
& = Tsight
Perform "LSPOS"
VSUN = TS, (unit sun position, Bl)
T

decl Tsight
Perform "CSMCONIC"

Il

VEARTH = - unitR_,

. =1
— <Sln (Krsube /tﬂattl) N K5degs)
VEI4dC = K
* =g Tupg T VR K'ecllpol

CSUN = K
cssun

1l

CEARTH

Return
S552.2
~Perform "CDUTRIG"

Perform "CALCSMSC!

Xje = unit( X, [REFSMMAT] )

Xd ¢ = wmit( ¥, [REFSMMAT))
= wit( Z, [REFSMMA'I])

P‘snl (Xsm]
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Perform "CALCGA"

Return
PLANET

Tsight =

Perform ''S50"

TS = 6 (bits 6-1 of STARCODE)

If STARIND = O:
BESTI = TS

If STARIND = 1:
BESTJ = TS

If 8 = O (means planet)
TS = 0688vn

Proceed to "VNFLASH": (if terminate, proceed to '"GOTOPOOH")
if proceed, proceed
otherwise, proceed to previous line

TS = unit ( unit (K STARSAV3) + VELAC )

ldsqrt3
Return

If (TS - 228) < O: (original code in range 01-454, meaning
a star in star table)

+ VELdC)
TS
If TS = 228: (original code h68, meaning sun)
TS = unit(VSUN + VEL4C)
Return
If TS = 234: (original code 474, meaning earth)
TS = unit (VEARTH + VELAC)
Return

(If TS > 234, improper results)
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SXTSM

Set bit 11(ATMFLAG) of FLAGWRDO = 1

Tsight = MRKBUFldp

X1 = - "MRKBUF1"

If STARIND = O: (Tag here "SXTSM1", entered from "GETUM")
MARKDOWN+i = B, . (1=0-6)

If STARIND = 1:

MARK2DWN+1 = B, . (i=0-6)

CDUSPOL = E, 4,

If bit 11(ATMFLAG) of FLAGWRDO = O: (e.g. "GETUM" entrance)
Perform '"SXTNB"
Perform "TRGNBSM": (leaves line-of-sight in TS)

Return

Set bit 11(ATMFLAG) of FLAGWRDO = O

If bits 14-7 of STARCODE = O: (e.g. 000xxy)
Perform "SXTNB"
Perform "TRG*NBSM"
Return
If bits 14-8 of STARCODE = O: (e.g. Olex8)
TS = NBOA, (Tag here "ATMSS')
Perform "TRG*NBSM"
Return
‘NBOA, = unit(NBOA, * NBOA,) (STARCODE equal to e.g. 002:xx,)

Perform "OASTAR"
TS = unit (18 [NBOAJ )
Perform '"TRG*NBSM"

Return
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CAL53A (This is routine R50, entered from 'P52D")
Perform "S552.2"
TS = CDU
oy (1, = T Ky 078 <Ky (g cheok
If IMUCADR # O: double precision)
Delay 1 second (by putting job to sleep via "DELAYJOB")
Proceed to second previous line (recheck IMUCADR)
Perform '""IMUCOARS"

Perform "IMUSTALL'": if error return, perform '"217ALARM"; proceed
otherwise, proceed

Perform "IMUFINE"

Perform "IMUSTALL": if error return, perform "217ALARM"; proceed
otherwise, proceed

CDUSPOT = (THETADy, THETADZ, THETADX) (Tag here "FINEONLY")
TS = unitX

Perform "TRG*NBSM'"

STARAD = TS

TS = unit}
Perform "TRG*NBSM" starting at second line
STARBD = TS

Perform "CDUTRIG"

Perform "CALCSMSC"

Il

STARAC = X

=dc

e

Perform "AXISGEN"

Il

STARBC

Perform "CALCGTA"

Set bit 13(REFSMFIG) of FLAGWRD3 = O

Il
(@)

Set bit 15(DRIFTFIG) of FLAGWRD2
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TS = "OGC"
Perform "IMUPULSE"

Perform "IMUSTALL": if error return, perform '"217ALARM"; proceed
otherwise, proceed

1dPIPADT = TIMEL

GCOMP = 0

Set bit 15(DRIFTFLG) of FLAGWRD2 = 1
[REFSMMAT) = [ksmA]

Set bit 13(REFSMFLG) of FLAGWRD3 = 1

Proceed to '"P52C"

R51 Entered from "PICEND" and '"P52C"
STARIND = 1
If STARIND = O:
STARCODE = BESTI / 6
If STARIND = 1:
STARCODE = BESTJ / 6
Proceed to '"R51DSP"
R51DSP

TS = 0170
m
Perform "VNFLASHR": (if terminate, proceed to "GOTOPOOH")
if proceed, skip next 2 lines
otherwise, proceed to previous line
TS = llO2 and perform "BLANKET" (R3BLNK, R2BINK )
End of job
If STARCODE € -0 or if {bits 6-1 of STARCODE) > h78:
Set bit 7(Operator Error) of channel 11 = 1
Proceed to '"R51DSP"
If bit 7 of STARCODE = 1:
If STARCODE # 001468: (i.e. sun not specified)
Set bit 7(Operator Error) of channel 11 = 1

Proceed to "R51DSP"
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TS =T
now
Perform '"PLANET"
If STARIND > O:
STARSAV1 = TS
If STARIND = O:

STARSAV2 = TS
If (MODREG modulo L) # O: (i.e. P54 rather than P52)

Perform "R56" (processing of mark ENTR could be delayed if
R67 is active)

If (MODREG modulo 4) = O:
If bits 14-7 of STARCODE = O: (Tag here "R51A1"; value
e.g. ooo;ch)
Perform "R52"
If bits 14-7 of STARCODE # O:

Perform '"R53"

Perform "SXTSM" (Tag here "R51B")
STARSAVZ = TS
e = Tsight
Perform "PLANET"
If STARIND > O:
PLANVEC = unit( [REFSMMAT| TS )
STARSAVL = STARSAV2
STARIND = O

Proceed to 2nd line of "R51"

STARAD = unit( [REFSMMAT] TS )
STARAC = STARSAVZ
STARBC = STARSAVL
STARBD = PLANVEQ
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Perform "R54"

If bit 3(FREEFLAG) of FLAGWRDO = O:
Proceed to "R51K"

Perform "AXTSGEN"

Proceed to '"R55" (exits to "R51K'")

T8 = OOOlA8 (Tag here also "R51KA")
Proceed to "GOPERF1": if terminate, proceed to "GOTOPOOH"

if proceed, proceed
otherwise, proceed to '"GOTOPOOH"

Proceed to '""P52C"

(Tag also "CHKSDATA'"; entered from "P51B" and "R51DSP")
Set bit 3(FREEFLAG) of FLAGWRDO = 1
1S, = cos™  (STARAD + STARBD)
Set bit 3(FREEFLAG) of FLAGWRDO

]
(S

1S, = cos ™ (STARAG * STARBC)
DSPTEM1 = ,TS2 - TSll , with sign agreement forced, scaled B-1 rev.

DSPTEMI+1 = TS (single precision, B-1 rev.)

Set bit 3(FREEFLAG) of FLAGWRDO = 1

S =0

Perform "CLEANDSP'

TS = 0605

vn

Proceed to '"GOFLASH": if terminate, proceed to '"GOTOPOOH!
if proceed, skip next line
otherwise, proceed

Set bit 3(FREEFLAG) of FLAGWRDO = 0 (e.g. a V32E response)

Return
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R55 Entered from "R51DSP"
Perform "CALCGTA"
TS = Oé93vn
Proceed to "GOFLASH": if terminate, proceed to "GOTOPOOH"

if proceed, proceed
otherwise, proceed to "R55RET"

TS = "OGC"
Perform "IMUPULSE"

Perform "IMUSTALL'": if error return, perform "217ALARM"; proceed
: otherwise, proceed

Proceed to "R55RET"
R55RET
Set bit A4(PFRATFIG) of FLAGWRD2 = O

Proceed to '"R51K"

GYCRS Entered from '"PERF20" and "P52D"
X, = wit( [REFSMAT) X_ )
Y, = wnit( [REFSMMAT] Y_ )
Z,, = unit( [REFSMMAT] A

Perform '""CALCGTA"

Set bit 15(DRIFTFLG) of FLAGWRD2

i
(@)

i
o

Set bit 13(REFSMFLG) of FLAGWRD3
TS = 1620
vn

Perform "GODSPR"
TS = "OGC"
Perform "IMUPULSE"

Perform "IMUSTALL'": if error return, perform '"217ALARM"; proceed
otherwise, proceed

[rEFsmmAT] = [X_ md]

Set bit 4 (PFRATFLG) of FLAGWRD2 = O
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Set bit 13(REFSMFLG) of FLAGWRD3 = 1

1dPIPADT = TIME1

GCOMP = 0

Set bit 15(DRIFTFLG) of FLAGWRD2 = 1

If bit 7(AUTOSEQ) of FLGWRD1O = 1:
Set bit 1(PCFLAG) of FLGWRD1O = O (means did pulse torquing)
Proceed to second line of '"GOTOPOOH"

Proceed to "R51K"

217ATARM

Inhibit interrupts
AIMCADR = "Calling address +1'" (S-register portion)
Perform "ALARM2" (pattern 02178)

Return (address in ALMCADR)

OPTIONZ2 = 1
TS = 000128

Proceed to "GOPERFA": if terminate, proceed to "GOTOPOOH"
if proceed, proceed
otherwise, proceed to 2nd line of "P50"
TS = (bits 2-1 of OPTION2)
If TS = O:
Set bit 7(Operator error) of channel 11 = 1

Proceed to 2nd line of "P50"

If TS = 1:
Set bit 12(P50.1FLG) of FLAGWRDO = 1 (Tag here "P50.1'")
(bit set O in "INITSUB")
If TS = 3:

NBOA, = unit(NBO.A_B * NBOA_é) (Tag here "P50.3")

[XS;J = [NBO/—Q

Proceed to "OAVECS"
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Perform "RO2BOTH" (Tag here "P50.2", for options 1 and 2)

STARIND = O
STARCODE = 468 (sun)
Perform '"R53"

CDUSPOT = MRKBUF1+2

T = MRKBUF1

sight dp
S =T

sight
Perform "PLANET"
TS = unit ([REFSMMAT] T3)
Perform "CDUTRIG" starting at 2nd line
Perform '"¥*SMNB*!
STARBC = TS
TS = unit( [REFSMMAT] VSUN)
Perform "*SMNB*"
STARAC = TS

If bit 12(P50.1FLG) of FLAGWRDO = 1:

i

STARBD = unitY (Tag here "P50.1A")

STARBC

il

NBOA,
If bit 12(P50.1FLG) of FLIAGWRDO = O: -
Perform "OASTAR" |
STARBD = TS
STARAD = unitZ (Tag here "P50GEN")
Perform "AXISGEN"
) -]
Proceed to lIVOAVECS”
OAVECS
Set bit 10(P50FLAG) of FLAGWRDO = 1

Xy, = wnitt
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OASTAR

Xdc = unitY
ch = unitZ

Perform "CALCGA"

N23TEMP = THETAD
THETADX = b,OOOO8 - THETADX (40000, is 1800, ones complement difference
formeg)
TS = 0623
vn

Proceed to '"GOFLASH'":

THETADX &= L;OOOO8

if terminate, proceed to '"GOTOPOOH"
if proceed, proceed
otherwise, proceed to previous line

- THETAD_ (Tag here "DOVECS')

If (THETAD - N23TEMP) has at least one component non-zero:

CDUSPOT = (THETADy, THETADZ, THETADX)

Perform "CDUTRIG" starting at 2nd line

Perform "CALCSMSC"

Il

X
=sm

unit( [Xd;_] unitY)

= unit( {_'xd;) unitz)

[NBOA] = [-xsn:]

Proceed to "GOTOPOOH"

=3
(9
il

3
wn
]

TS = unit( cos TS, sin TS,, - cos TS, cos TS

Return
OPTIONZ = 1
TS = 000138

Proceed to "GOPERFL'":

(Tag here "P500UT")

(MRKBUF1+3 and MRKBUF1+5 both B-1 rev when enter)
MRKBUF1+5, converted to ones complement double precision(elev.)

MRKBUF1+3, converted to ones complement double precision(az.)

5 — sin TSl)

if terminate, proceed to "GOTOPOOH"
if proceed, proceed
otherwise, proceed to 2nd line of '"P55"
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TS = (bits 2-1 of OPTIONZ2)

If TS =0 or 3:

Set bit 7(Operator error) of channel 11 = 1

Proceed to 2nd line of "P55"
If T8 = 1z
Perform "RO2BOTH"
Set bit 13(P55.1FLG) of FLAGWRDO = 1
Proceed to '"TRKSTAR"
STARIND = O (option 2, tag "P55.2")
STARCODE = 468 (sun)
Perform "R53"
Tg = MRKBUFldp
Perform "PLANET"
STARBC = TS

STARAC

Il

VSUN

NBOAO = unlt(NBOAB

X1 = - "MRKBUF1"

% NBogé)

Perform "SXTNB"

STARBD

Il

unit( [ﬁBoé] 7S)

Il

STARAD = unitZ
Perform "AXISGEN"

Proceed to "TRKSTAR"

TRKSTAR

IS = 0170Vn

Proceed to "GOFLASH'":
if proceed, proceed

(Tag here "P55.1')

(bit set O in "INITSUB'")

if terminate, proceed to '"GOTOPOOH"

otherwise, proceed to previous line
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If STARCODE £ -O or if STARCODE > '14,78:
Set bit 7(Operator error) of chamnel 11 = 1
Proceed to "TRKSTAR"

TS = Thow

Perform "PLANET"

If bit 13(P55.1FLG) of FLAGWRDO = O:

STARSAVL = unit( [X d;] TS)

If bit 13(P55.1FLG) of FLAGWRDO = 1:
STARSAVL = unit( [REFSMMAT] TS) (Tag here "P55.1A")
NBOA, = unit(NBOAB 3* NBogé)
TS = STARSAVL
Perform "CDUTRIG"
Perform "3*SMNB*"
STARSAVL = unit( [NBoA] Tg)
STARSAV2 = unit(STARSAVL, STARSAVL_, 0) (Tag here '"P55GIMS")
COSTH = - unitY °* STARSAV2
SINTH = STARSAV2 * unitX
Perform "ARCTRIG"
TRKAZ = THETA

COSTH

il

STARSAV2 * STARSAVL
SINTH = - unitZ ° STARSAVL
~ Perform "ARCTRIG"

TRKEL = THETA
If |TRKAZsp| * Kigrgeg € O

If |TRKEL [ + K ogeg$ O
Skip next line

Perform "ALARM' (pattern 0107,)
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TS = 0614 (Tag here "N1,DISP")
n

Proceed to "GOFLASH": if terminate, proceed to "GOTOPOOH"
if proceed, proceed
otherwise, proceed to "TRKSTAR"

TS = K TRKAZ (truncated integer minutes, form ABCDE,)
sp 8

d21600

TRKAZOCT = OOABC8 (N19 cells also used for intermediate

computation results before display)
TRKAZOCT+1 = OODEO

8
If TRKAZsp £ Oz
TRKAZOCT = TRKAZOCT + OlOOO8
TS = Ohl9vn
Proceed to "GOFIASH": if terminate, proceed to "GOTOPOOH'"
if proceed, proceed
otherwise, proceed to "TRKSTAR"

Proceed to '"GOTOPOOH'"
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Quantities in Computations

See also list of major variables and list of routines

1dPIPADT: See IMU Computations.
ALMCADR: See General Program Control.

BESTI: Single precision value of index parameter for star #1 of the 'best"
star pair (as determined by "P52C" computations), scale factor Bli. It
will be zero if no star pairs found that are satisfactory, and otherwise
will be equal to six times the '"star number'" (see K _.) when loaded
in "P52C" computations. See BESTJ. For option 2 ofa§50, is loaded in
"R53C" after N71 response (since STARIND = 0); options 1 and 2 also load
it in "PLANET'", For option 2 of P55, loading parallels that done for
P50; both options also load it (via "PLANET'") after response to the N70
display of "TRKSTAR'".

BESTJ: Single precision value of index parameter for star #2 of the '"best"
star pair (as determined by "P52C" computations), scale factor Bl,. It
will be zero if no star pairs found that are satisfactory, and otherwise
will be equal to six times the 'star number" (see K t) when loaded
in "P52C" computations. Unless it is zero, it will Be less than BESTI
as loaded in "P52C" computations. In P52/P5A, it is loaded with
(STARCODE x 6), see "PLANET'", for the first body that is used, while
BESTI has the second; in P51/P53, however, it contains (STARCODE x 6)
for the second body, while BESTI has the first. In both cases, however,
BESTJ will contain the body.code associated with the sighting data
for which the address selected in "SXTSM" is MARK2DWN. The address of
BESTJ is one greater than the address of BESTI.

CDUSPOT: See Coordinate Transformations.

CEARTH: Value of the cosine of the minimum angle between the star and
VEARTH allowed in "P52C" logic (i.e. in "OCCULT"), scale factor
B2, computed in "S50". It is stored in push-down list location 16D.

COSTH: See Coordinate Transformations.

CSUN: Value of the cosine of the minimum angle between the star and
VSUN allowed in "OCCULT", scale factor B2, set to K in "s50M,
It is a 'variable'" for indexing convenience in ”OCCﬁE@H? and is
stored in push-down list location 1A4D.

GCOMP: See IMU Computations.

IMODES30, IMUCADR: See IMU Computations.

Kldc: Constant, pro%ram notation "1/C", scale, factor B-6, value

L .2696E-5 x 2~ Value corresponds to 2 /(9.835712E8 x 102 x
0.3048), where first term (numerator) combines the B-6 scale factor
and the 271 for constant, second is velocity of light (fps), third
converts to centi-seconds, and 4th converts to meters, giving the

L .2696E-5.
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Klds =Tt Constant, program notation "1/SQR3'", scale factor BO, value
4 0.57735021. Value corresponds approximately to (1/1.732051),
or the reciprocal of V3 . Used in "PLANET" to ensure that the

formation of the unit vector does not overflow.

KSde 4} Constant, program notation "5DEGREES", scale factor BO, units
5 revolutions. Value is 0.013888889, corresponding to 5 degrees.

K : Table of positions of 37 stars, program notation '"CATLOG'", stored
wh as the X, Y, and Z components of a unit vector, scale factor Bl.

The index for the table equals six times the star serial number
(since each component is double precision, six cells per star
are used). See table below. Because of the nature of the
interpretive index order (subtractive), the tag "CATLOG" actually
is one cell after the least significant half of the z component of
star #1, and #1 is the star with highest memory address.

K : Constant, program notation "CO0S33", scale factor BO, value
c0s33 ' 8),31756920.  Value corresponds to cosine of 32° 31' 23.19",
the same angle as that used with [NBINBZ] (see Coordinate
Transformations).

: Constant, program notation "CSS33'", scale factor B2, value
cs833() 197002688. True value is 0.788010752, corresponding to
cosine 38° (one half the angle reflected in Kcsséé’ hence the
notation).

K

K08566: Constant, program notation '"CSS66'", scale factor B2, value
0.060480472. True value is 0.241921888, corresponding to
cos 76° (angle gate was formerly 66°, hence the notation).

KcssééhO: Constant, program notation "CSS6640", scale factor B2,
value -0.15602587. True value is —0.62é103h8, corregponding
to 0.241921888 - 0.8660253686 or (cogine 76° - cosine 30).
Angle gates were formerly 66 and AOO, hence the notation.

— Constant, program notation '"CSSUN'", scale factor B2, value
0.24148. True value is 0.96592, corresponding to cosine 150.

Kd21600: Single precision constant, program notation "D21600", scale factor
B17, units of arc minutes pi§ revolution. Value is 21600 x 2‘17,
corresponding to 360 x 60 x 27/, where first term is number of degrees
in a revolution and second is number of minutes in a degree, while
third is scale factor.

Kdegl: Constagt, program notation "DEGREE1l", scale factor BO, units
revolutions. Octal value is 000568 377228, corresponding to
about 1.033°,

Kdeg359: Constagt, program notation "DEG359", scale factor BO, units
revolutions. Octal value is 377228 000048, corresponding to

about 358.98930. The single precision versions of this constant
and Kdegl sum to one revolution.
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K 1ivol’ Vector constant, program notation "ECLIPOL", scale factor BO,

TECHPOL yalue (0, -0.395319722E-4, 0.911652662E-4). Values correspond
approximately to 0.993674E-4 (0, -0.397836L4, 0.917456L4). The first
term is the radian equivalent of about 20.496 arc seconds (the
constant of aberration), while the terms in parentheses are - sin
and cos of the obliquity.

Kthde : Single precision constant, program notation '"-LODEG", scale factor

’ g BO, units revolutions. Nominal decimal value is -0.111111, corresponding
to —AO/360, or - 40°, Octal value is 743&38, corresponding (after a

one-bit change for absolute value convenience) to about -40.012°.

Km87de : Single precision constant, program notation '"-87DEG", scale factor
& BO, units revolutions. Nominal decimal value is -0.241666, corres-
ponding to -87/360, or - 87°., Octal value is 702104, corresponding
(after g one-bit change for absolute value convenience) to about
-87.012°,

: Constant, program notation "RSUBE", scale factor B29, units
rsube meters. Value is 6378166 x 2729, the Fischer equatorial radius.

K . : Constant, program notation "SIN33", scale factor BO, value
Sln330.53763812h1. Value is the sine of the angle discussed for KcosBB'

Kt £ Constant, program notation "TSIGHTL', scale factor B28, units
S8V enti-seconds. Value is 24000 x 272 , corresponding to 240
seconds.

MARK2DWN+i (i = 0-6): Set of optics mark information (double precision time,
CDU_, optics shaft, CDU , optics trunnion, and CDU respectively)

loaded in "SXTSM" for d&wnlink purposes from alignﬁent mark (P51—P54)
identified by BESTJ. Shaft and trunnion have N14 information if used.

MARKDOWN+i (i = 0-6): See Measurement Incorporation. Note that loading is
done from MRKBUF1 set of cells (see Optics Computations for special
"trunnion" scaling after N14 display).

MRKBUF1: See Optics Computations.

N23TEMP: Single precision vector storage for THETAD in "OAVECS", same scaling,
used to determine if a manual change was made at the N23 display.

NBOAO: First row of [NBO&) matrix, scale factor Bl, derived as cross-product
~ 7 of second and third rows (which are not time shared) of the matrix.

NBOAB: Second row of @uxxﬂ matrix, program notation 'NBOA +6'", scale factor
Bl, initialized as part of padload and subsequently updated if necessary.
It gives the +Y-axis direction of the ATM Sensor Coordinate System in
navigation-base coordinates.

NBOAéz Third row of (NBO&] matrix, program notation "NBOA +12'", scale factor
Bl, initialized as part of padload and subsequently updated if necessary.
It gives the +Z-axis direction of the ATM Sensor Coordinate System
in navigation-base coordinates.
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OGC: See Coordinate Transformations.
OPTION2: See Display Interface Routines.
OPINTYPE: See Orbital and Rendezvous Navigation.

PLANVEC: Temporary storage for the output of the "PLANET" routine for the
first body that is marked, scale factor Bl. In P51/P53 it is in
reference coordinates, while in P52/P5u it is converted to IMU
coordinates before being stored.

SAX: Unit vector, scale factor Bl, giving the direction of the optics
shaft axis: stars are considered visible (for selection purposes)
if they lie within 38° of this axis. The quantity is expressed in
the reference coordinate system.

SINTH: See Coordinate Transformations.
STARAC, STARAD, STARBC, STARBD: See Coordinate Transformations.

STARCODE: Single precision cell, scale factor Bl, (but considered to be
octal), displayed in R1 of N70 and N71 and used to contain the serial
number of the celestial body being sighted (bits 6-1): 00 for '"planet';
01-45, for star in K . ; hés for sun; and 47, for earth. BESTI and
BESTJ have six timesc%ﬁis number (for double precision vector indexing
reasons). Bits 9-7 are O for CSM optics, 1 for ATM sun sensor, and
2 for ATM star tracker (i.e. digit C in the ABCDE format).

STARIND: Single precision cell, scale factor Blh, used in P51-P54 to cause
two celestial bodies to be processed. If it is 1, BESTJ is used; if
it is zero, BESTI is used. Initialized to O in "ROO", "P51B" (for
P51/P53), "P50", and "P55" (and incremented to 1 for second body in
P51/P53). Initialized to 1 in "R51" (P52/P5L) for first body and
decremented to O for second body.

STARSAVL1: Temporary storage for sighting information (unit vector in IMU
coordinates), scale factor Bl. Loaded in "P51B" (P51/P53) with sighting
vector to first body; in "R51DSP'", loaded briefly with reference-
coordinate information (from "PLANET") for first body, and then
loaded with sighting vector to first body. The reference-coordinate
information is used in R52 for optics pointing purposes. Also loaded
in "TRKSTAR" (P55) with unit LOS vector of body in ATM sensor
coordinates.

STARSAV2: Temporary storage for sighting information (unit vector in IMU
coordinates), scale factor Bl. See STARSAVL for P51-P5) uses (the
vector STARSAVZ2 is for the second body rather than the first, of
course). Also loaded in "TRKSTAR" (P55) with unit vector formed by
zeroing z component of STARSAVL (and forming unit vector of result).
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STARSAV3: Cells used by N88 for retention of 'planet' information. N&8
treats decimal input as double precision fraction, and since a unit
vector is formed before quantity used (with components previously
multiplied by K " ), the DSKY input can be with arbitrary (but
consistent) sca}gﬁg? 3

Tsight: Value of sighting time, scale factor B28, units centi-seconds.

THETA: See Coordinate Transformations.

TRKAZ: Quantity computed double precision, but used single precision (no
rounding), scale factor BO, units revolutions, displayed in R1 of N14.
It gives the star tracker "azimuth' angle (outer gimbal angle or psij).

TRKAZOCT: Single precision cell loaded in "TRKSTAR" (part of P55) with
. OSABC information, where S is sign of TRKAZ (O if positive, 1 if
negative), and ABC is the first three octal digits oflTRKAZ]in units
of arc minutes. It is displayed in R1 of N19.

TRKAZOCT+1: Single precision cell loaded in "TRKSTAR" with OODEO information,
where DE is the last 2 octal digits of'TRKAZ'in units of arc minutes.
It is displayed in R2 of N19.

TRKEL: Quantity computed double precision, but used single precision (no
rounding), scale factor BO, units revolutions, displayed in R2 of
N14. It gives the star tracker '"elevation" angle (inner gimbal angle
or psil).

VEARTH: Quantity computed in '"S50" as the earth position (scale factor Bl,
a unit vector, when exit from routine) at time Tsight'

VELAC: Vector, scale factor Bl, giving "aberration correction vector" (see
K 1100 ). It is computed in "S50" and used in "PLANET"; it is also
E%ﬁpuge& and used in "UTAREA1".

VSUN: Quantity computed in "S50" as the sun position (scale factor Bl, a
unit vector, when exit from routine) at time T , .
sight
X ., Y .,Z : Unit vectors, scale factor Bl, giving desired stable
=smd’ =s =S
member orientation. Loaded by "P52B" or "S40.2,3(B)'", or can be
loaded by P27 (XBHd address is 03068, the same as "UPBUFF'" +2).
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Display

o1
02
03
Ol
05
06
07
10
11
12
13
14
15
16
17
20
21
22
23
2L
25
26
_7
30
31

Index

6
12
18
2y
30
36
L2
L8
Sk
60
66
72
78
8l
90
96

102
108
114
120
126
132
138
Lik
150
156
162
168
174
180
186
192
198
204
210
216
222

Values of K (Star Table)
cat

X Component

0
0
0

0
0
0]
0]
0

8759127335
.9344,221007
L792524212
.4911095585
.0150728422
5461199432
.7065135180
L142717678
3552697275
.2051938364,
.1416151994
.0603437771
.1784,151505
.14,076119201
3601048130
.1,622023601
7717862821,
.8583271674
9649190792
9533561730
4542931560
.9189360613
.5810208598
.6928505073
.7878732623
5350048409
.356194,8806
1179551093
.1163388632
.1195024,086
.2021911120
4500934054,
5479677261
3165704246
4530708165
.8118187290
.832254,3673

The '"Display" column gives the

program (as an octal quantity).

bbbébbébééééé&)&)CBCIDéDOOOOOOOOOOOOOOOOOOO

star number that

Y Component Z Component Identification
.0221767921 0.4819596176 o Andromedae
.1693349531 -0.3133384932 # Ceti
.1143361938 0.8701978789 ¥ Cassiopeiae
2182968779 -0.8433017695 # Eridani
.00775357L9 0.999856335/), % Ursae Minoris
.529055942/, -0.64,9501976L 6 Eridani
7044331667 0.0679158,78 =% Ceti
4969671969  0.7624975459 o Persei
.8910553149 0.2824957457 « Tauri
9681249050 -0.1436302809 A Orionis
680752655,  0.7186939246 « Aurigae
.6034300291 ~0.7951294413 #% Carinae
.941293720, -0,2865905892 & Canis Majoris
.9083859733  0.0932064683 * Canis Minoris
.576339284), ~0.7335922251 ¥'Velorum
4795583503  0.7459173994 t Ursae Majoris
6187078821 -0.1467872297 o Hydrae
L6746864,20 0.2115361489 X Leonis
.0569171730 ~ 0.2563037376 B leonis
.0550800729 -0.2967797042 Y Corvi
0473466895 -0.8895931763 «'Crucis
3461098015 -0.189115098) 4 Virginis
2883158706 0.7611101885 4 Ursae Majoris
4151341670 -0.589594604L6 &€ Centauri
.5182718149 0.3326410200 & Bootis
7136778495 0.4521435028 X Coronae Borealis
.8224,933890 -0.4434296246 % Scorpii
.3394503938 -0.9331988117 A Trianguli Australis
.9689823983  0.2180329804 % Ophiuchi
7708087413  0.6257579872 * Lyrae
8729034786 -0.4440250795 o Sagittarii
8799661957 0.1519059600 * Aquilae
7957767725 -0.2578191213 R Capricorni
L450237255 -0.8376974,691 % Pavonis
5412631657 0.7083509163 * Cygni
.559356763L 0.1675421212 € Pegasi
2429657768 -0,,98317468), & Piscis Austrini

is displayed by the
The "Index'" column gives the value of
BESTI (or BESTJ) for the corresponding star, and is equal to six times
the star serial number (i.e. six times the decimal equivalent of the
first column).

A display of 00 indicates an N88 input; displays of 46 and 47 are for
sun and earth respectively.
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Mathematical Functions

Sine

Routine entered with argument in MPAC4,, scale factor BO, units
revolutions. Leaves MPACdp with sine of argument, scale factor BIl.

X = MPACdp

Perform "SICOM"

MPACy ) = TS
Return

SICOM
IfFIXID> 3, X=2%sgnXx -X
If XIS X=23sgnX -X

x = X, rescaled to scale factor B-1 revolutions, i.e. Bl in(Tr/Q)units.

TS = Kgpp X + Koo %+ Ko % + Koo x4 Koox
Return
TV /2 units .
Constant Scaling Stored Value True Value x (2/1 )t
Kenl B2 0.39269 90796 0.,99999 9995
Ksn3 BO -0.64596 37111 -0.16666 6567
Ksn5 B-2 0.31875 8717 0.00833 3025
Ksn7 B-4 -0.07478 0249 -0.00019 8074
Ksn9 B-6 0.00969 1,988 0.00000 2603

According to the program comments, the constants are derived
from a Hastings series.

Cosine
Routine entered with argument in MPAC, , scale factor BO, units
revolutions. Leaves MPACdp with cosind of argument, scale

factor Bl.

X=1- ’MPACdp|
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Perform "SICOM"
MPACdp =TS
Return

Single Precision Sine (sinsp)

Routine entered with argument in computer hardware accumulator, ACC,
single precision, scale factor B-1l, units revolutions. Leaves
sine in hardware accumulator, scale factor BO.
X = ACC
Perform "SPSICOM"
ACC = TS
Return
SPSICOM
If IXI2 %, X=3sgnX -X
If x> £:
TS = MAX sgn X
Return
x = X, rescaled to scale factor B-2 revolutions, i.e. BO in(Tr/?)units.

x> + K, x°, limited in magnitude €1

S = Kgygp Xt Koo e55p

Return

Constant  Nominal Value Stored Value True Value x (2/T1)*

Kclsp 0.7853134 0.78533935 0.:999925
K03Sp -0.3216147 -0.32159423 -0.165951
Kc5sp 0.0363551 0.03637695 0.007608

A1l constants have scale factor Bl, for -f /2 units.

Single Precision Cosine (COSSp)

Routine entered with argument in computer hardware accumulator, ACC,
single precision, scale factor B-1l, units revolutions. Leaves
cosine in hardware accumulator, scale factor BO.
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X =ACC + %
If |X|2 4:
X=-(X-3%sgnX)

Perform "SPSICOM"

ACC =TS
Return
Arc Sine

Routine entered with argument in MPAC{,, scale factor Bl. Leaves
MPAC. with arc sine of argument, scale factor BO, units revolutions,

d
in ragge T i (i.e. T 90°).
X = MPACtp

Perform "ARCCOM"
MPAC i = £ - TS
Return

ARCCOM

If |X| =0, TS = £; Return

Il

TSl =X

X = |X|

If X % (1+ 2°12), or 1.000244, or if least significant half of
X is negative and X » (1 + 2-13), or 1.000122:

Perform "ALARM"  (pattern 13018)

If X3 1, set TS = 0 (for TS, positive) or TS = 5 (for TS,
negative); Return

b
TS = (1 - X)? (scale factor Bl when enter square root routine)
— . 2 3 L 5
TS = TS(K g0 + Koo £ tEagp X7 T K g T H K o XF+K o X7+

6 7
Kaso X+ Kygn X7)
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If TS, negative, TS = 3 - TS

Return

Constant True Value VZ T x True Value
Kas0 0.35355 3385 1.57079 6302
K o1 -0.04830 17006 -0.21459 8801
Ko 0.02002 73085 0.08897 8987
Kogs -0.01129 31863 -0.05017 4305
Kl 0.00695 311612 0.03089 1881
Koo -0.0038L 617957 -0.01708 8126
K. s6 0.00150 1297736 0.00667 0090
- -0.00028 4160334  -0.00126 2491

A1l constants are stored with scale factor B-I in program
(e.g. K, oc has scale factor B-5); the VZ factor is required
because Ei - X) is scaled at Bl when take its square root.
The numbers in the last column agree closely with published
Hastings series values.

Arc Cosine
Routine entered with argument in MPAC , scale factor Bl. Leaves
MPAC, with arc cosine of argument, scale factor BO, units revolutions,
in rahge 0 - & (i.e. 0° - 180°).
X = MPACtp
Perform "ARCCOM"
MPACdp = T3
Return
Square Root

Routine entered with argument in MPAC, , and with scale factor (in
general) an even number. Leaves MPACy. with square root of ar ument ,
having scale factor one-half the scale” factor of argument (a,Vé% factor
must be accounted for elsewhere if the scale factor was odd when enter

the routine).

X = MPACtp, considered to have scale factor BO
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If X=0, MPACtp = 0; Return

If X< -27% proceed to "POODOO! (pattern 213028)

If X <0, MPACdp = 0; Return

TS = X, normalized to lie between %+ and € 1. This is accomplished

by shifting X left in increments of 2 shifts, and storing
the required number of shifts in TSy (an even number % 0)

If TS 3 3, TS,=0.588, TSgp + 0.4192

If TS € 3, TS, =0.832, TSgp + 0.2974

TS, = (3 TSsp) / TS, + L TS, | (TS2 single precision)
TS=3TS, + 3 TS /TS,

If TS»1, TS = (1- 2728

MPACy, = TS, shifted right by (% TSl) places

Return

Natural Logarithm (log,)

This routine is entered from "RANGER", with the argument in MPAC. ,
scale factor BO. It leaves the natural logarithm of the reciprocgl
of the argument (or the complement of the logarithm of the argument)
in MPACdp, scale factor B5.

TS = MPAC4,, normalized to lie between 1 and €1. This is
accomplished by shifting MPAC4, left and storing the
required number of shifts in Tgl (a number ) 0).

X=1-7T5 (The "1" actually is 1 - 2728)

= 2
MPACdp Kooy T6y + Rowy £ T Kog2 X* + K

3
g og3 X
Return (with value of - log, of original MPACdp)

cog

A1l constants are stored with scale factor B5. The value of
Kcogl corresponds to loge 2
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Constant

Kcogl

Kogl

Kog2

K
og3

Stored Value

0.021660849L
0.031335467

0.0130145859
0.0215738898

MATH-6

True Value

0.69314718056
1.00273L94
0.4164667.,88
0.69036414736



Measurement Incorporation

INCORP1
ZO = [WO] BVECTOBO + [W3] BVECTO_R._l
2z, = [W,] BVECTOR + [W,] BVECTOR;
TRIPA = |2,|% + |2, |? + VARIANCE
=0 -1
TS = VTRIPA VARIANCE computed quasi-floating point
(TRIPA rounded to double precision
before multiplication use)
GAMMA = 1/(TS + TRIPA) computed quasi-floating point
DELQDA = DELTAQ / TRIPA computed quasi-floating point
Set TSl to the largest L§i| (i =0, 1) (tag here ''NEWZCOMP'")
TS2 = (number of leading zeros in TSl) -2 (value used for subse-
quent scaling)
Shift each__Z_i left by T52 places (i =0,1)
OMEGA, = Z, [W)] + 2z, [W,]
OMEGA, = Z, [W,] + 2z, [W,]
DELTA_gO = DELQDA OMEGéO computed quasi-floating point
DELTA§._l = DELQDA OMEQél computed quasi-floating point
Return
INCORP2

EGRESS = Return address

Perform "INTSTALL"

OMEGAMO = GAMMA OMEGéO
OMEGAM, = GAMMA OMEGA;
Set bit 13(INTGRAB) of FLGWRDIO = 1 (means restart phase change)
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[WO] = [wo] - (ZO) OMEGAIL'IO NOTE: Nota?ion means computation
carried out as:
[W,1 = [W;] - (Z;) OMEGAM, :
0,x
(W] = [w,] - (Z,) OMEGAM _ ’
3 3 <0 L [Wpl = W) = |2, | OMEGAM,
[(w,1 = [w,] - (2,) OMEGAM, zo’z
If bit 8(CSMUPDAT) of FLAGWRD1l = 1: (Tag here "FAZC'")
Perform ''MOVEPCSM"
If bit 8(CSMUPDAT) of FLAGWRD1l = O:

Perform '"MOVEPLEM'"
Reset overflow indicator
TS = TDELTAV + (DELTA_)__(0 shifted left 7 places)

If overflow has taken place since indicator reset:

RCV = RCV + DELTAX,
VCV = VCV + DELTAX

1
Perform "RECTIFY"

Proceed to "FAZAB3"
TDELTAV = TS
TS = TNUV + (DELTA§1 shifted left 4 places)
If overflow has taken place:
VCV = VCV + DELTAX;
Perform "RECTIFY"
Proceed to 'FAZAB3"
TNUV = TS
Proceed.to "FAZAB3"
FAZAB3

If bit 8(CSMUPDAT) of FLAGWRD1 = 1:

Perform '"MOVEACSM"
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(If bit 8(CSMUPDAT) of FLAGWRD1 = 1):

If bit 1(AVEMIDSW) of FLAGWRDY = O:

RCY + TDELTAV

<
]

VCV + TNUV

pptm Tet
If bit 8(CSMUPDAT) of FLAGWRD1 = O:

=

Perform '"MOVEALEM"

R RCV + TDELTAV
—other -_ -

V. ihep = VOV + TNUY

QPRET = EGRESS

Proceed to "INTWAKE" (returns to address in QPRET)
V67CALL Established by ''V67" for a verb 67.

Reset overflow indicator

Perform "INTSTALL"

WWOPT = 0
B 2 2 2 2 2 2
N N T N L A N L
wviL = V|2 4 (|2 + (Waal? + (el + ol + [w,. |2
- =27 =30 +33 ~36 =39 =42
(1.e., Wy, 1= 9-14)
If overflow has taken place since indicator reset:
WWPOS = +MAX (219 - 2—9 meters)
WWVEL = +MAX (N99 R2 display 328.1 fps)
If WWPOS - K gg0 > O:
WWPOS = Ker999 (constant gives display of 99997 feet)
Perform "INTWAKE" (returns to next line)
TS = 0699
vn
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Proceed to "GOXDSPF'": if terminate, proceed to "ENDEXT"
if proceed, proceed
otherwise, proceed to previous line

If WWOPT = O: (no change in W-matrix initialization
cells desired)
Proceed to "ENDEXT"

WRENDPOS

WWPOS
sp

WRENDVEL = WWVEL _ (must set RENDWFLG = O by e.g. V93E)

P
Proceed to '"ENDEXT"

GETUM Entered from "REND7"

Perform "SXTSM'" starting at fourth line (STARIND = 0 from '"ROO")
TS = TS [REFSMMAT]

Return

BVECTORS Entered from '"REND7"

R22

BVECTOR, = unit(USTAR * unitRCLP)

USTAR = BVECTQBO

-1 o
DELTAQ = K, |RCLP | (cos (BVECTOR, - UM) - 1/4) (1/4 = 90°)

BVECTOR, = 0

Return

(Established by "NDUTINPT" for P20 option 0/4, and entered due to
restart group 2.7)

Change priority of present job to 268 (restart group 2.7 has 10

for establishing '"R22'") 8

MRKBUF1 = -3

Il

VHFTIME —

Proceed to '"REND1"

REND1

Change restart group 2 to cause a start at next line (subsequent
restart logic not shown unless significant for normal logic)

Perform "WAITONE"
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If MRKBUF1 £ O: (Tag here "REND1A')
Proceed to "REND3"

Inhibit interrupts

MARKTIME+i = MRKBUF1+i (1=0 =~ 6)
MRKBUF1 = -3
Set bit 7(R22CAFLG) of FLAGWRD9 = 1 (for "MKREJECT" use)

Release interrupts

i
(@]

Set bit 8(VHFSOURC) of FLAGWRD9
Proceed to "RENDAL"
REND3
Change restart group 2 to cause a start at next line
Perform "WAITONE"
If bit 9(VHFRFLAG) of FLAGWRD9 = O:
Proceed to 3rd line of "REND1"

If (Tn - VHFTIME) < O:

ow KGOsecdp
Proceed to 3rd line of "REND1"

Perform "RANGERD": if return to calling address +1, proceed to

'""R22BAD"
if return to calling address +2, proceed to
'""R22GOOD"

RANGERD This is RO8, entered from "REND3", '"R27GO", and "CYCVHF'.

RREADRET = return address (calling address +1)
Inhibit interrupts
Set bits 4-1 (Radar selection) of channel 13 = 0
Proceed to "RADSTART"

RADSTART
TS = channel 4

TSl = (bits 5-1 of TS)
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RADDEL = bits 5-1 of (00040 - TS,) (

8
If RADDEL 5_000028: (bit 6 of channel 4, in phase with 100
pps signal used for radar control,
Proceed to '"RADSTART" about to be incremented)

Set bits 1 and 4 (VHF select and Radar initiate) of channel 13 = 1
RADTIME = -TS

Release interrupts

MARKTIME = TnOW

Set bit 10(SKIPVHF) of FLAGWRD2 = 0 (set 1 in "STARTSB2")

Put present job to sleep (starting address id = RREADRET)

VHFREAD (Entered based on program interrupt #9, Radar Rupt)
If bit 10(SKIPVHF) of FLAGWRD2 = 1: (set in "STARTSB2")
Resume
RM = RNRAD

If bit 2(VHF Data Good complement) of channel 33 = O:
TS = "RANGERD1"
If bit 2(VHF Data Good complement) of channel 33 = 1:
VHFRANGE =2
sp
TS = "LIGHTON"

Awaken job with starting address id = RREADRET (put to sleep in

_ NRADSTART")
Set starting address of awakened Jjob = TS
Resume
LIGHTON (Entered via "VHFREAD" logic for unsuccessful radar read)

If VHFRANGE _ # O:
sp

Set bit 8(Tracker) of DSPTAB+1l = 1, and flag for output at
next opportunity

Proceed to address specified by RREADRET (error return)
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RANGERD1 (Entered via "VHFREAD'" logic for successful radar read)
Inhibit interrupts

Set bit 8(Tracker) of DSPTAB+11
opportunity

il

0, and flag for output at next

Set bit 7(OCDUFBIT) of OPTMODES

1l
l_J

Release interrupts
If éﬁ = +0:

Proceed to address specified by RREADRET (error return)
If bit 15 of RM = O:

e = Kconvrnge (RM, 0)

If bit 15 of RM = 1: (including case of 777778)
IS

I

(bits 14-1 of RM)
TS =K (Ts, 0) + otk x
convrnge convrnge
Proceed to '"RANGERD7"

RANGERD7
VHFRANGE = TS
If bit 9(EXTRANGE) of FLGWRD1O = 1: (set in "CRS61.1"; reset in "ROO")
If (R63RANGE - TS - K, o .0 ))0:
TS = VHFRANGE + Kjoq (constant is 327.68 nmi)
Proceed to "RANGERD7"
Proceed to address specified by (RREADRET +1) (good return)
R22BAD (Entered from "REND3" for error return, and from '"R22GOOD")
VHFTIME = MARKTIME
Proceed to "REND1"
R22G0O0D (Entered from "REND3" for good return)
If bit 7(UPDATFLG) of FLAGWRD1 = O:

Proceed to "R22BAD"
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If bit 12(PDSPFLAG) of FLAGWRD4

13 (R61 doing R60)

Proceed to ""R22BAD"

Set bit 8(VHFSOURC) of FLAGWRDY9 = 1
VHFTIME = MARKTIME
Proceed to "REND4'"
REND4 (Entered from '"R22GO0D" for VHF measurement, and from "RENDL"

for an optics measurement)
Perform "SETINTG"
If bit 8(CSMUPDAT) of FLAGWRD1 = 1:

Set bit 3 (CSMINTSW) of FLAGWRD3 = O
Perform "INTHGRV"
Perform "SETINTG"
If bit 1(RENDWFLG) of FLAGWRD5 = 1:

Set bit 1(WMATINT) of FLAGWRD3 = 1
If bit 8(CSMUPDAT) of FLAGWRD1 = O:

Set bit 3(CSMINTSW) of FLAGWRD3 = O

Perform "INTEGRV" (when exit, OWS and CSM vectors both integrated
"permanently" to MARKTIME)

CSMPOS = RCY . =+ (DELTAycm shifted right 7 places)
Set bit 11(FSTINCRP) of FLAGWRD5 = 1
LEMPOS = RCY, ~ + (DELTAyim_shifted right 7 places)
If bit 7(AUTOSEQ) of FLGWRD1O = 1:
Proceed to "AUTOW"  (exits to "REND5C" if initialize, or "REND7"
if don't)
If bit 1(RENDWFLG) of FLAGWRD5 = 1:
Set bit 1(RENDWFLG) of FLAGWRD5 = 1 (redundant, Tag "REND6")

Proceed to '"REND7"

Proceed to '""REND5C"
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REND5C

VHFCNT = O

TRKMKCNT = O (as "least significant half" of VHFCNT)
W,=0 (i=0-17) (i.e. [wo] and {Wi])

W, =0  (i=27- L) (i.e. [WB] and [wh])

W, = WRENDPOS (i =0, 4, 8, diagonal elements of [Wo )
W, = WRENDVEL (i = 36, 4O, 4L, diagonal elements of [wLF )

Set bit 8(P35FLAG) of FILGWRD1O = O
AGEOFW = MARKTIME
Set bit L(PTV93FLG) of FLGWRD1O = O
COUNT3MK = 1
Set bit 1(RENDWFLG) of FLAGWRD5 = 1
Proceed to "REND7"
REND7
RCLP = LEMPOS - CSMPOS
If bit 8(VHFSOURC) of FLAGWRD9 = O: (i.e. have optics data)
UCL = unitRCLP
If bit 11(FSTINCRP) of FLAGWRD5 = 1:
X1 = - "MARKTIME"
Perform "GETUM"
UM = T3
TS = UCL * UM

If all components of TS <2—:L9 rad: (so unit vector

overflow)
Proceed to '"RENDISP3"
USTAR = unitTS
Perform '"BVECTORS" (Tag here "REND9')
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(If bit 8(VHFSOURC) of FLAGWRDY = 0):
If bit 8(CSMUPDAT) of FLAGWRD1

I
&

BVECTOEO = - BVECTOEO

If bit 14(R21MARK) of FLAGWRD2

Il
‘_J

(i.e. prime optics)

Tsl - sttvar i Kimuvar

If bit 14(R21MARK) of FLAGWRD2 -

il
Q

(i.e. R23 optics)

TS; = Curpvar T Fimuvar (Tag here "REND15")

If bit 8(VHFSOURC) of FLAGWRD9 = 1: (i.e., have VHF ranging data)

BVECTO_E0

BVECTOR

unitRCLP (Tag here "REND14")

;=0

TS = VHFRANGE, rescaled to B29

Set bit 11(FSTINCRP) of FLAGWRD5 = 1
DELTAQ = TS - |RCLP|

If bit 8(CSMUPDAT) of FLAGWRD1 = 1:

BVECTOEO = BVECTOEO
TSl - Crvar
TS = |RCL§|2 TS1 Computed quasi-floating point (Tag here
""REND10")
(B40)

VARIANCE = TS + C,
tp intvar

If bit 8(VHFSOURC) of FLAGWRDY9 = 1:

If (VARIANCE + C ) <0 negative)

. : (¢ '
rvarmin rvarmin
VARIANCE = |C .
rvarmin
Perform ''INCORP1"
If bit 11(FSTINCRP) of FLAGWRD5 = 1:
N49DISP+2 = |DELTAX, |
N49DISP = |DELTAX|

NAODISP+, = 2
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(If bit 11(FSTINCRP) of FLAGWRD5 = 1):
If bit 8(VHFSOURC) of FLAGWRD9 = O: (processing optics)

If bit 12(REJCTFIG) of FIGWRD1O = 1: (set in "MKREJECT")
Proceed to "RENDISP3"
N4ODISP+, = 1
e . 1 n " "
If (Cr'max NA?DISP) <0: (NZ+9DISP same as BVECTOEO )
Proceed to "RENDISP"
If (cVmax - N49DISP+2) £0:
Proceed to "RENDISP'
Proceed to '"REND12"

REND12

Perform "INCORP2"  (incorporates update, same time tag as from
"RENDL" integration)
If bit 11(FSTINCRP) of FLAGWRD5 = 1:
OLDMKTME = MARKTIME
Set bit 5(MANEUFIG) of FLGWRD1O = O
TS = COUNT3MK
If TS # O:
If (TS - 3) 3, 0:
COUNT3MK = O
Ir (Ts - 3) <o:
COUNT3MK = COUNT3MK + 1
If bit 8(VHFSOURC) of FLAGWRDY = 1: (Tag here "REND12A')
VHFCNT = VHFCNT + 1

Proceed to "RENDISP3"

If bit 11(FSTINCRP) of FLAGWRD5 = O: (i.e. 2nd optics incorpor-
ation has been completed)

TRKMKCNT = TRKMKCNT + 1

Proceed to "RENDISP3"

MEAS-11



If bit 8(CSMUPDAT) of FLAGWRD1 = 1:
CSMPOS = Rcycm-+ (DELTAycm_shlfted right 7 places)
If bit 8(CSMUPDAT) of FLAGWRD1 = O:
LEMPOS = Rcyim'+ (DELTAylm_shifted right 7 places)
Set bit 11(FSTINCRP) of FLAGWRD5 = O
Proceed to '"REND7"
RENDISP
TEMPOR1 = +0
Establish "RENDISP2" (priority 278)

Allow performance of higher priority jobs (e.g. "RENDISP2')

If TEMPOR1 = O: (i.e. display not answered yet )
c i i note this loop locks out lower
Proceed to second previous line (priority jobs? ineluding R52)
If TEMPOR1 € O: (i.e. a PRO display response)

Proceed to "REND12'"

Proceed to "RENDISP3"

RENDISP2 (Established by "RENDISP")
TS = 0649
vn
Proceed to "PRIODSP'": if terminate, proceed to "TRACKTRM"

if proceed, TS = -1 and proceed
- otherwise, TS = QREG and proceed

TEMPOR1 = TS
End of job
RENDISP3 (Entered at end of each mark-processing pass)

Set bit 7(R22CAFIG) of FLAGWRD9 = O

Set bit 12(REJCTFLG) of FLGWRD1O = O

If bit 8(VHFSOURC) of FLAGWRD9 = 1:
Proceed to "REND1"

Proceed to "REND3"
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WAITONE
POINTEX = Return address
Delay A seconds (by putting job to sleep via "DELAYJOB")
If bit 7(RNDVZFLG) of FLAGWRDO = O, End of job
If bit 13(REFSMFLG) of FLAGWRD3 = O, End of job
If bit 5(TRACKFLG) of FLAGWRD1l = O, End of job
If R61CNTR < O: (R61 maneuver in process)
Proceed to second line of "WAITONE"
If bit 12(R27FLAG) of FIGWRD1l = 1:
Perform '"R27GO"
If bit 6(SNAPFLAG) of FIGWRD1l = 1:
Proceed to second line of "WAITONE'
If bit 7(UPDATFLG) of FLAGWRD1 = 1:
Proceed to address specified by POINTEX

Proceed to "REDOR22'"

REDOR22 (Entered from "WAITONE" and due to restart group 2.13)

Set restart group 2 to phase 13 (2.13, causing "REDOR22" to be
established with priority 108 if a restart)

Change priority of present job to 268

Proceed to second line of "WAITONE"

SETINTG

Perform "INTSTALL"

Set bit 5(STATEFLG) of FLAGWRD3 = 1
Tdecl = MARKTIME

Set bits 4 (CONICINT) and 1(WMATINT) of FLAGWRD3 = 0
Set bit 3(CSMINTSW) of FLAGWRD3 = 1

Return
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R27GO Entered from "R27JOB" (P25), "R27JOBA" (P48), and "WAITONE" (R22)
R27END = Return address
Perform '"RANGERD'": if return to calling address +1, proceed to address
specified by R27END
if return to calling address +2, proceed

TIM1l = MARKTIME (PD OD)
RANG1 = VHFRANGE (PD 2D)
NPASS = -4
If bit 1(R27UP1l) of FIGWRD1l = 1:

If bit 4L(P25FLAG) of FLGWRD1l = 1:

Perform "VHFMOD"

If bit 1(R27UP1) of FLGWRD1l = O:

RBUF = VHFRANGE
Proceed to "CYCVHF"

CYCVHF
NPASS = NPASS + 1
Perform "RANGERD'": if return to calling address +1, proceed to address
specified by R27END
if return to calling address +2, proceed

TIM2 = MARKTIME (PD 4D)
RANG2 = VHFRANGE (PD 6D)
If (RANG2 - RANGl) # O:

If bit 4(P25FLAG) of FLGWRD1l = 1:

Perform "VHFMOD"
TS = RANG2 - RANG1
Proceed to "TAKER"

TIM1 = TIM2
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TS = NPASS
If TS # O:
Proceed to '""CYCVHEF"

Proceed to "TAKE2"

TAKE2
If T8 3 O:
RANG1 = RANG2
TIML = % (TIM2 + TIM1) (overflow if exceed 2/ cs) (now T )
RANG1 = RANG1l, shifted left 7 places (B20, meters) (now Rm)
If bit 2(R27UP2) of FLGWRD1l = 1: (Tag here '"SAMPLE")
Proceed to 'WUNZMOR"
If bit 1(R27UPl) of FLGWRD1l = O:

OPVEC = RANG1
OPVEC+2 = TIM1
Set bit 1(R27UPl) of FIGWRD1l = 1
Proceed to address specified by R27END
SVIEM = % RANG1 + 4 OPVEC (Tag here '"HOWMUCHR")
TEMIYM = % (TIML + OPVECH+2)
TS = (TIML - OPVEC+2), shifted left 14 places (time difference)
SVIEM+2 = (RANG1 - OPVEC)/TS (B6 m/cs)
SVIEM+), = O
WMAT, =0 (i=1,2,3,5,6,7)

WMATO é K

upperlef
WMATA = (Kmiddle) / T8 (TS has time difference)
WMATB B Kbottomri

VSAVTEM = DELVIMUx
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Set bit 7(FIXFLAG) of FIGWRD1l = O
Set bit 2(R27UP2) of FIGWRD1l = 1
Proceed to "STOR77"

VHFMOD

TS = RBUF - VHFRANGE (in 10D)

K (% due to fact that TS is B27,

but constant is B29)

£~

1t ( lTSl_ vhfmodlo) < 0:

VHFRANGE

I

RBUF
Return
RBUF = K328nm sgn TS (constant is 327.68 nmi)
If NPASS # —4: (i.e. not from "R27GO")

RANG1 = RANGl - RBUF

[
&

If bit 2(R27UP2) of FLGWRD11
OPVEC = OPVEC - RBUF

If bit 2(R27UP2) of FLGWRD1l

Il
'_J

SVEC = SVEC - RBUF
RBUF = VHFRANGE
Return
WUNZMOR
Inhibit interrupts
WMAT, = VHF.W, (i=0-6)
i i
Release interrupts (allow e.g. telemetry)

Inhibit interrupts

Il

WMATi = VHF{Wi (i=17-28)
SVIEM = SVEC

SVIEM+2 = SVECH+2

SVTEM+, = SVECH4

TEMTYM = TYMR
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VSAVTEM = VSAV
Release interrupts
If bit 5(PL8FLAG) of FLGWRD1l = 1:

SVTEM+2

Il

SVIEM+2 - (DELVIMU_ - VSAVIEM)

VSAVIEM = DELVIMU_ (Note value could beé different from above)
VHF .OMEG = RANG1 (measured value, B20 meters) (Tag "TMCORP")
VHF.B+2 = (TIML - TEMIYM), shifted left 13 places (Bl5 cs)
VHF.B+l, = & (VHF.B+2)? (B30 cs°)
PD2DTM = TEMTYM (save in 2D)
VHF.B+O = 1 (BL)

PDLDIQ = VHF.OMEG - (VHF.B+O, VHF.B+2, VHF.Bt+)) °* (SVTEM, SVIEM+2,

SVTEM+L, )
VHF.Z = (VHF.B+O, VHF.Bt+2, VHF.Bti) EWMA'.D]
_ 2 .
TS, = K argap + ’VHFZ, (B22, in 6D)
TS3 =1/ TS, (computed quasi-floating point)
VHF.OMEG = [WMAT] VHF.Z
VHF .OMBG = TS, VHF .OMEG ; (components VHF.OMEGHO, +2, +4)
(SVTEM, SVIEM+2, SVTEM+)) = (SVIEM, SVIEM+2, SVIEMt+,) + PDLDIQ VHF.OMEG
- ' - Bl
TS 1/(\/Kvargap /1S, o+ 1) (in TEMTYM cell, Bl)

WMATé = WMAlé - VHF.Z (VHF.OMEG+L, TS)

WMAT, = WMAT, - VHF.Z (VHF.OMEG+2 TS)

=3 =3
WMAT ) = WMAT ) - VHF.Z (VHF.OMEG+0O TS)
If bit 7(FIXFLAG) of FLGWRD1l = O: (Tag here '"SWITCHGO")
Proceed to "WOTNOW" (not optimizing)

TEMIYM = FIXTIME
TS = TIM1 - FIXTIME
If TS €0:

Proceed to "SNAPPY" (FIXTIME in future)
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If (Ts - K955ecs) <0

If bit 5(P4L8FLAG) of FIGWRD1l = O:

Set bit 3(TDFLAG) of FLGWRD11l = 1

Set bit 6(SNAPFLAG) of FIGWRD1l = O (Tag here '"PLS8OPDUN'")

Set bit 9(N77FLAG) of FIGWRD1l = O

Proceed to "THISJAZZ"
OPVEC = SVTEM (Tag here "OPDONE"; load R1 and R2 of N77)
OPVEG+2 = SVTEMt2

TEMIYM = TIM1

VHF.B+2 = (TIM1 - FIXTIME), shifted left 13 places (Bl5 cs)
VHF.Bt) = 3 (VHF.B+2)2 (B30 cs2)
FIXTEMP = FIXTIME + K, _.

Lmins

Set restart group 2 to phase 17 (2.17, causing "ENDFIX'" to be estab-
lished with priority 268 if a restart)

FIXTIME = FIXTEMP

Set bit 9(N77FLAG) of FLGWRD1l = 1
Set bit 7(FIXFLAG) of FIGWRD1l = O
Proceed to "XTRAP"
SNAPPY
If TIML - - :
5 Ml - (FIXTIME K2Osex)>/o'
Set bit 6(SNAPFIAG) of FLGWRD1l = 1 (i.e. within 20
T = B seconds before FIXTIME)
dpmO1

Proceed to "THISJAZZ"
WOTNOW
TS = TIM1 - FIXTIME
If TS ) O:
TEMTYM = TIM1

Proceed to "XTRAP"
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If (TS + K ) < O

95secs
TEMTYM = TIM1
Proceed to "XTRAP"

TEMTYM = FIXTIME (time to start new optimization)

VHF .Bt+2

(FIXTIME - PD2DTM), shifted left 13 places  (Bl5 cs)

VHF.Bt, = 3 (VHF.B+2)? (B30 cs®)

il

Set, restart group 2 to phase 11 (2.11, causing "STARTFIX" to be estab-
lished with priority 26,4 if a restart)

Set bit 9(N77FLAG) of FLGWRD1l = 1
Set bit 7(FIXFLAG) of FLGWRD1l = 1
Proceed to "XTRAP"
XTRAP
PMATRIXO = VHF.B (same cells; shown for documentation convenience)
PMATRIX, = O
PMATRIX, = 1
PMATRIX ; = VHF.Bt2 (B16 cs)
PMATRIX, = unitZ (i.e. 0,0,1)

(SVPEM, SVIEM-2, SVIEMi4) = [PMATRIX] (SVIEM, SVIEMr2, SUTEMt.)
WMAT, = PMATRIX,  [wwat]

WMAL, = PMATRIX, [nat)

5
TS = - (WMAL, * WMAT,)
If all components of TS ¢ R m?/cs: (so interpreter vector

1 magnitude operation gives O)
TS = 2% T8
Proceed to second previous line (stay in loop if all TS
components 0)

PDCVC = TS (in OD)
PDDVL = PDCVC * WMAT,  (in 6D)
PDSVL = |PDOVC |2 (in 8D)
PDFVL = (C VHF .B2)? (in 10D)

rtridot
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s = (PDFVL/PDDVL? ) PDSVL (note scaling of PDCVC cancels)

If overflow has taken place (e.g. ]TSI7/218):
TS, = +MAX (27 - 2719

If overflow has not taken place:

TS, = \IS + 1 -1 B9 (addition of 1 not
1 (89) protected from overflow)
WMAT, = WMAT, + ((PDDVL TSl)/PDSVI) PDCVC (PDCVC scaling

again cancels)
Proceed to "THISJAZZ" &

THISJAZZ

If bit 4(P25FLAG) of FIGWRD11l = 1:
Proceed to "STOR77"

If bit 3(TDFLAG) of FLGWRD1l = 1:
Proceed to "STOR77"

If bit 6(SNAPFLAG) of FIGWRD11l = 1:
Proceed to "STOR77"

If bit 5(PL8FLAG) of FIGWRD11l = O:
If bit 14(INTINUSE) of FLGWRD1O = O:

CDUSNAP = CDU

i

CDUSNAPT = CDUT

CDUS

CDUSNAPS
Perform "PHICOMP"

Proceed to "STOR77"

5, =R (Tag here "STHETA")
By =1 (TS, in 18D; TS, in 24D; unitS, in OD)
I8 = unitX

Perform "ANGLER"
If bit 7(FIXFIAG) of FIGWRD11l = 1:
If (Tnow - FIXTIME) ) O:
Set bit 3(TDFLAG) of FIGWRD1l = 1

Proceed to '"STOR77"
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STOR77
If bit 9(N77FLAG) of FLGWRD1l = O:
OPVEC = SVTEM (load R1 and R2 of N77)

OPVEG+2 = SVIEM+2

Inhibit interrupts (Tag here "GARDOPT'") (Restart group 2 set

to cause start at next line: other
VHF.Wi = WMAT:.L (1=0-6) settings not shown)
Release interrupts (allow e.g. telemetry)

Inhibit interrupts
VHF . W, = WMAT, (1=17-8)
SVEC = SVIEM
SVECt+2 = SVIEMt2
SVECt+, = SVIEMt,
TYMR = TEMIYM
VSAV = VSAVTEM
Release interrupts
Proceed to address specified by R27END
STARTFIX Entered due to restart group 2.11 (set in "WOTNOW' )
Set bit 7(FIXFLAG) of FIGWRD1l = O '
Proceed to address specified by R27END
ENDFIX Entered due to restart group 2.17 (set in "WUNZMOR')
Set bit 7(FIXFIAG) of FIGWRD11 = 1
If (FIXTIME - FIXTEMP) = O:
FIXTIME = FIXTEMP - K, .

Lmins
Proceed to address specified by R27END
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C13STALL

If bit 4(Radar initiate) of channel 13 = O:

Return (no VHF read in progress)
T83 = channel 4
14 14 ;
T83 = TS3 + RADTIME + 27, modulo 2 (corrects for possible
channel 4 overflow since
RADTIME loaded, and gives
"true" time difference)
TS4 = K90mscalr + RADDEL - TS3
If TS, < O:
Return
I TS4 + Kmdtscalr * B
Return
Proceed to third line of "CL3STALL" (a NOOP order used to avoid

TC Trap)
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Quantities in Computations

See also list of major variables and list of routines

AGEQOFW: Time of last Wematrix initialization for rendezvous measurement
incorporation, scale factor B28, units centi-seconds. Set equal to
MARKTIME in "REND5C", and can be displayed by N31l. It is used
in "AUTOW" logic.

BVECTOEO, BVECTOElz Vectors used as communication cells with "INCORP1"
to provide geometry information associated with DELTAQ, i.e. relating

the deviation in the measurement (a scalar) to the vector deviation

in the state vector. The vectors normally are associated with position

and velocity respectively, but for R22 BVECTOB_l is always set O. The

scale factor of BVECTOB_O is Bl.

T Single precision erasable memory conshant, program notation

"ALTVAR", scale factor B-16, units rad™, used in "REND7" (part of

R22) if optics backup (R23) data is used, to specify information on

the a priori accuracy of the backup optics data.

Cintvar: Single precision erasable memgry constant, program notation "INTVAR',
scale factor Bl5, units meters™, added to the variance computed

in "REND7" (part of R22) for "integration variance", i.e. "square of

expected integration position extrapolation error',

C : Single precision erasable memory constant, program notation '"RMAX'",
scale factor Bl9, units meters, giving the maximum value of position
state vector change (as expressed in NA9DISP) that is incorporated
automatically by R22. Values larger than this constant cause a display
for crew approval. If it is desired to generate a display for all
measurement information, this can be accomplished by setting the
constant to 777768 (one bit negative).

Cotpridot’ Erasable memory (double precision) constant, program notation

"RTRIDOT", scale factor B-31, units meters/centi—second3, giving
an a priori value of rate of change of acceleration used to degrade
the W-matrix employed in R27. It is employed in "XTRAP" to compute
PDFVL,

: Erasable memory (double precision) constant, program notation
"RVAR", scale factor B-16, giving the "percentage errgr” (squared)

in the VHF ranging measurement: for VHF marks, (|RCLP[ C +

G, )is the value of VARIANCE (subject to C . conbtiBint).

A%%ﬁgiiy would involve "percent'/100, of course. o o

rvar

C ., _: Triple precision erasable memory constant, program notation .
ke "RVARMIN", scale factor B4LO, units meters®, giving the negative
of the minimum value of VARIANCE for the VHF range measurements in
R22 (negative is for coding convenience). If the most significant
one-third if the constant is zero, then least significant two-thirds
can be considered as a double precision number, scale factor B26.
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C : Single precision erasable memory constant, program notation
"YMAX', scale factor B7, units meters/centi-second, giving the
maximum value of velocity state vector change (as expressed in
N49DISP+2) that is incorporated automatically by R22. Values
larger than this constant cause a display for crew approval.

CDUS: See Optics Computations.

CDUSNAP: See Orbital and Rendezvous Navigation.

CDUSNAPS, CDUSNAPT: See Orbital and Rendezvous Navigation.

CDUT: See Optics Computations.

COUNT3MK: See Minimum Key Rendezvous.

CSMPOS: Value of CSM position vector, scale factor B29, units meters.

DEIQDA: Value of DELTAQ/TRIPA, variable scale factor, stored in push-
down list location OD. If numerator and denominator are already
normalized, scale factor is B-10.

DELTAQ: Value of deviation in measurement quantity, scale factor B29,
units meters.

DELTAycm, DELTAylm: See Orbital Integration. Component overflows if

exceeds 2 < meters.

DELTAXO, DEITAXlz State vector deviation estimates, scale factor (DELTAXO)
B29 in units of meters; for DELTAX , scale factor B7 in units of
meters/centi-second. They are updates to position and velocity

estimates of vehicle respectively.
DELVIMU: See Display Computations.

EGRESS: Single precision cell used for storage of return address
information from "INCORP2" routine.

FIXTEMP: Temporary storage cell for FIXTIME, used for restart protection
purposes.

FIXTIME: See Orbital and Rendezvous Navigation.

GAMMA: Quantity computed in "INCORP1'", variable scale factor (scale
factor information partially contained in cell NORMGAM). If
NORMGAM = 0, scale factor of GAMMA equivalent to B-4O. NORMGAM
subsequently modified to reflect rescaling of Zi (for use in
"INCORP2').

K2 .: Constant, program notation "PI/L.0", scale factor B3, value

Pl . 78539816). Value corresponds to 2 x 3.141592656 x 273, or
approximately 217 x 2"3, where first term converts between
angle measurements in units of revolutions and radians and second
term is scale factor.
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K Constant, program notation "20SEX", scale factor B28, units

iR centi-seconds. Value is 2000 x 272 , corresponding to 20
seconds.
K : Constant, program notation "328NM'", scale factor B27, units meters.

A& Value ig 606863.36 x 2=27 (nominal), corresponding to 327.68 x
1852 x 27 7, where first term is value in nautical miles, second
converts to meters, and third is scale factor. The nautical mile
value is 2-7 K (since the 15-bit interface with radar
provides data fodulotthat value).

Khmins: Constant, program notation ”égINS”, scale factor B28, units centi-
seconds. Value is 24000 x 27<%, corresponding to 4 minutes.

KéO 4o Constant, program notation "60SECDP'", scale factor B28, units

S€CAP centi-seconds. Value is 6000 x 2‘28, corresponding to 60 seconds:
if Tn = VHFTIME is at least this amount, then an attempt can be
made™®8 obtain a new VHF mark in "REND3".

K9Omscalr: Single precision constant, program notation "9OMSCAILR', Scale
factor B9, units centi-seconds. Value is 4404, or 9 x 277,

corresponding to 9 centi-seconds (time delay, when added to RADDEL,

between initiation of radar read and completion of the shift pulses).

K955ecs: Constant, program notation ”QSSECS”é scale factor B28, units
centi-seconds. Value is 9500 x 272 , corresponding to 95 seconds.
. O 1" " P W .

Kbottomri' Constant, program notation "BOTTOMRI", scale factor B-17, units

meters/centi-second?, used in "TAKER" to initialize WMAT,.
Value is 0.102E-5 x 217, corresponding to 0.102E-1 x 1074 x

217, where first term is value in meters/second? (about 1/30 fps<),
second converts from secords to centi-seconds, and third is scale

factor.
KConvrn o' Constant, program notation ”CONVRNG-E;3 scale factor Bl3, units
€% or (meters/bit). Value is 18,52 x 27, corresponding to a

VHF ranging iystem bit weight of 18.52 meters (or 0.0100 nmi). A
value of (214K onrn ) corresponds to the weight of bit 15,
normally the ”sggnw, 8% RM.

K See Burn Control.

dpmO1~

Kft999: Constant, program notation '"FT99999'", scale factor Bl9, units
meters. Value is 30479 x 2719, corresponding to 99996.72 x 0.3048

x 2‘19, where first term is value in feet (display would be expected

to show 99997 feet), second converts to meters, and third is

scale factor.

T— Constant, program notation " XAR”, scale factor B-16, units
radians?. Value is 0.04E-6 x 210, corresponding to 0.0 mr<.
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Kmdtscalr: Single precision constant, program notation "-DTSCAIR", scale

factor B9, units centi-seconds. Value is 7775L4,, corresponding
to -23,, or -0.59375 centi-seconds (a measure of when the shift
pulses are sent to the radar).

middle " Constant, program notation 'MIDDLE", scale factor Bl2, units
meters, used in "TAKE2'" in the initialization of WMAT,. Value
is 12.93 x 212, corresponding approximately to v 2 x 38 x 0.3048
X 2‘12, where first term is an equation factor, second is VHF ranger
variance (in feet), third converts to meters, and fourth is scale
factor.

K

K sebra Constant, program notation "SXTVAR", scale factor B-16, units
S radians®. Value is 0.04E-6 x 2l , corresponding to 0.04 mr<.

K lef Constant, program notation "UPPERLEF'", scale factor Bl2, units
upper-e meters, used in "TAKE2'" to initialize WMAT.. Value is
6.47.x 2~12  corresponding approximately to (l?lfg.) x 30 x 0.3048
X 2_12, where first term is an equation factor, second is VHF ranger
variance (in feet), third converts to meters, and fourth is scale
factor.

Kvar ap’ Constant, program notation "VARGAP'", scale factor B22, units
8P meters®. Value is 8 .6127 x 2-22 corresponding approximately

to (30 x 0.3048)° x 27°%, where first term is VHF ranger variance

converted to meters (i.e. 30') and second is scale factor.

K hfmodlo Constant, program notation "VHFMODLO", scale factor B29, units

L meters. Value is 555600 x 2729, corresponding to 300 x 1852 x
2‘29, where first term is value in nautical miles, second converts
to meters, and third is scale factor.

LEMPOS: Value of OWS position vector, scale factor B29, units meters.

MARKDOWN+i (i = 0-6): Set of optics mark information (double precision
time, CDU_, optics shaft, CDU , optics trunnion, and CDU
respectivgly) intended for dofinlink transmission in programs making
use of optics data. Address is selected in "SXTSM" if STARIND = O.
For P51 - P54, this means the BESTI body being marked; in R22, since
STARIND = O in "ROO", these cells are also loaded (due to performance
of part of "SXTSM" via "GETUM'"). MARKDOWN+7 is the same cell as RM.

MARKTIME: Cells used to contain time of mark information for R22, and as
a communication cell with "SETINTG'" (for which only the first 2 cells
are employed, scale factor B28, units centi-seconds). Used in R22
as the first 2 cells of a 7-cell buffer to contain optics mark data
being processed, as loaded from MRKBUF1 cells in '"REND1'".

MRKBUF1l: See Optics Computations.
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NA9DISP: Magnitude of position state vector change for display in R1 of
N49, scale factor B29, units meters. The magnitude is calculated as
the square root of the sum of the squares of individual components
of DELTAX , where the squares are carried triple precision. Hence
if a given component is of insufficient magnitude to be retained
triple precision when squared, that component will contribute O to the
sum: since for triple precision scaled BO the least increment is 2‘“2,
thii means that for a cgmponent to have an input it must be at least
22 , i.e. a value of 2° (256) meters since scaling B29. Hence if
all three components of DELTAX . are less than 256 meters (0.1l nmi),
N4YDISP will display zero (despite the fact that least increment of
Rl of N49 is 0.01 nmi).

N49DISP+2: Magnitude of velocity state vector change for display in R2
of N49, scale factor B7, units meters/centi-second. Magnitude is
calculated in a manner analogous to NA49DISP, using DELTAX., instead
of DELTAX .. The least increment effect, however, is considerably
less, amounting to only about 0.02 fps (display least increment
is 0.1 fps).

NA9DISP+L: Single precision cell, scale factor Blh, used to display in
R3 of NA49 information on the source of the update generating the
display. It is set to 1 in '"REND7" for optics data and 2 for VHF
ranging data.

NPASS: Single precision cell, scale factor Blh, used to limit to 4 the
number of tries in "CYCVHF'" to obtain a change in the input range
from that read in "R27GO'".

OLDMKTME: Time of previous mark, scale factor B28, units centi-seconds,
loaded in "REND12" and used in "AUTOW" logic.

OMEGA,., OMEGA.: Weighting vectors for measurement incorporation of the
DELTAQ measurement (to give a '"statistically optimum linear
estimate of the deviation from the estimated state vector").

For no Zi rescaling, scale factors are B39 and B20 respectively.

OMEGAM ., OMEGAM,: Values of OME&Ai multiplied by GAMMA, used in
"INCORP2" Tor updating W matrix information. Scale factor depends
on scaling of GAMMA: if NORMGAM = O (see GAMMA), then scaling
is B-1 and B-20 respectively. Program notations "OMEGAM1" and
"OMEGAMR'' respectively.

OPTMODES: See Optics Computations.

OPVEC: Value of range information displayed in R1 of N77, scale factor
B20, units meters. It is used in "TAKE2" to retain the first
range point when R27 is initialized, for subsequent initialization
purposes. It is loaded in "WUNZMOR" with SVIEM after completion of
the optimization interval (when bit 9, N77FLAG, of FLGWRD1l is also
set 1), and it is also loaded in "STOR77" with SVIEM if N77FLAG = O.
It should be noted that the N77FLAG lockout on loading at end is not
effective since '"WUNZMOR" also increments FIXTIME, causing "TIMETASK'
(entered each second) to detect a change and enter 'N72STUFF'", where
bit reset O (barring special timing circumstances).
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OPVEC+2: Value of range rate information displayed in R2 of N77, scale
factor B6, units meters/centi-second. Loading history parallels
that of OPVEC, except that initially used in "TAKE2" to store computer
clock for first sample (B28 centi-seconds), yielding of course a non-
meaningful 'range rate' display.

PD2DTM: Value of TEMTYM sampled in "WUNZMOR'", scale factor B28, units
centi-seconds, used in "WOTNOW'" to compute VHF.B+2 when start new
optimization interval. It is stored in push-down list location 2D.

PDLDIR: Value of measurement deviation (analogous to DELTAQ for R22)
computed in "WUNZMOR", scale factor Bl2, units meters, stored in
push-down list location A4D.

PDCVC: Value of "C vector" computed in "XTRAP", scaling (unless rescaled)
Bll: computations are such that the scaling of the quantity cancels
as far as the final results are concerned. It is stored in push-down
list location OD.

PDDVL: Value of "D" computed in '"XTRAP", scaling dependent on PDCVC,
stored in push-down list location 6D. For no rescaling, would be
scaled B-6.

PDFVL: Value of "F'" computed in "XTRAP'", scale factor B-32, stored in
push-down 1list location 10D.

PDSVL: Value of "S" (square of magnitude of PDCVC) computed in "XTRAP",
scaling B22 (unless rescaled), stored in push-down list location 8D.

PHETA: See Orbital and Rendezvous Navigation.

[?MATREQ: Matrix computed in '"XTRAP'", program notation "P-MATRIX'".
First row is assigned same cells as VHF.B (loading of them shown
in "XTRAP" for documentation convenience), scaling Bl, Bl5, and B30
respectively. First element of 2nd row is zero, second is scaled Bl,
and third scaled Bl6. In third row, first 2 elements are zero, and
third is scaled Bl.

POINTEX: Single precision cell used to retain return address information
from "WAITONE'".

QPRET: See Orbital Integration.

QREG: Computer Q register (cell 00028), loaded with S-register information
for computer TC orders, and also used in some cases for temporary
storage of other information. As used in "RENDISP2'", apparently
expected to contain a positive non-zero number (as would be true for
a TC order use). The actual sampling of QREG takes place in
the program service routine "BANKJUMP'", which is entered at the
end of "ENDRETR'" to return to the "PRIODSP" caller.

Eother: See Orbital Integration.
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R27END: Single precision cell used to retain return address information
from "R27GO".

R61CNTR: See Orbital and Rendezvous Navigation.

R63RANGE: Value of range estimate computed from vehicle state vectors
loaded in "CRS61.1", scale factor B29, units meters. After loading,
bit 9(EXTRANGE) of FLGWRD1O is set 1 to indicate that cell has valid
data. It is used in "RANGERD7" to correct incoming range point to
reflect interface-cell overflow (see K ) if incoming and R63RANGE

. 328nm
value differ by thfmodlo or more.

RADDEL: Single precision time until the 100 pps pulse initiating radar
read sequence (loaded in "RADSTART'"), scale factor B9, units of
centi-seconds.

RADTIME: Single precision storage for the complement of the contents of
channel 4, scale factor B9, units centi-seconds, as sampled when bit
L of channel 13 was set to initiate radar reading.

RANG1: Value of VHFRANGE sampled in "R27GO", scale factor B27, units meters.
Subsequently replaced in "TAKE2'" with the larger of the two range
samples, and then rescaled to B20 meters for use subsequently. It
is stored in push-down list location 2D.

RANG2: Value of VHFRANGE sampled in "CYCVHF'", scale factor B27, units
meters. It is stored in push-down list location 6D.

RBUF: Value of previous range sample saved in "VHFMOD'", scale factor BR7,
units meters (loaded in "R27GO" for first pass). Also used for
temporary storage purposes in '"VHFMOD'.

RCLP: Value of (LEMPOS - CSMPOS) for R22, scale factor B29, units meters.

RCV, Rcyém, RCEim: See Orbital Integration.

RM: Single precision value of measured range sampled from RNRAD cell,
scale factor Bl)h, units counts (one VHF count is 0.01 nmi). The cell
is the same as MARKDOWN+7 (for telemetry purposes).

RNRAD: Single precision special erasable memory cell 00L6,, into which
VHF range data is shifted under hardware control if gits L-1 of
channel 13 are set to 1001,. When shifting is complete, program
interrupt #9 is generated,”causing entrance to "VHFREAD'.

RREADRET: Single precision cell used to retain return address information
from "RANGERD'". An "error' return transfers to the address in the
cell, while a successful return transfers to calling address +2 (i.e.
RREADRET contents incremented by 1).
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SVEC: Value of "permanent' R27 filter range output, scale factor B20,
units meters. It is loaded into SVIEM in "WUNZMOR", and loaded
from SVIEM in "STOR77". It is displayed by R1 of N76.

SVEC+2: Value of "permanent'" R27 filter range rate output, scale factor
B6, units meters/centi-second. It is loaded into SVIEM2 in
"WUNZMOR", and loaded from SVIEM+2 in "STOR77". It is displayed
by R2 of N76.

SVECt,: Value of "permanent' R27 filter range acceleration output,
scale factor B-9, units meters/centi—secondz. It is loaded into
SVTEM+4 in "WUNZMOR", and loaded from SVIEMF, in "STOR77".

SVIEM: Value of R27 working storage for filter range output, scale factor
B20, units meters. See SVEC.

SVITEMt+2: Value of R27 working storage for filter range rate output, scale
factor B6, units meters/centi-second. See SVEC+2.

SVIEM+-L: Value of R27 working storage for filter range agceleration
output, scale factor B-9, units meters/centi-second<. See SVEC+i.

Tet’ TDELTAV: See Orbital Integration.

TEMPOR1: Single precision cell, scale factor Bll,, used in the "RENDISP"/
"RENDISP2" interface to determine when an answer to the 0649
display is received (when value becomes non-zero) and to conélude
that this answer was PRO if the cell negative and that it was a recycle
if the cell is positive (see QREG). This method is employed to avoid
display conflicts (with e.g. R60 P20 display), and will cause the
computer activity light to remain on until the display is answered.

TEMTYM: Value of R27 working storage for time of optimization (loaded
with TYMR in "WUNZMOR" and into TYMR in "STOR77"), scale factor
B28, units centi-seconds. Loaded with TIM1 in "WOTNOW" or '"WUNZMOR'
if optimization to FIXTIME not being done; otherwise loaded with
FIXTIME. After being saved in PD2DTM, used in "WUNZMOR" for
temporary storage purposes also.

TIMl: Time tag for RANG1l, loaded initially in '"R27GO'" and subsequently
written over with TIMZ2 for no range change in "CYCVHF", In "TAKE2"
is set to the time tag used subsequently for the measurement. Scale
factor is B28, units centi-seconds, and quantity stored in push-
down list location OD.

TIM2: Time tag for RANG2, loaded in "CYCVHF", scale factor B28, units
centi-seconds. It is stored in push-down list location 4D.

TNUV: See Orbital Integration.
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TRIPA: Triple precision value of sum of VARIANCE and ]Zi . computed
in "INCORP1", scale factor B4O. It is used as the denominator
value for computing the necessary weighting functions (a rounded
version is used to multiply VARIANCE).

TRKMKCNT: Single precision cell, scale factor Bli, giving a count of the
number of optics marks (either primary optics or via R23) that have
been completely incorporated into the state vector in R22 (it is
incremented in "REND12"). It is set O in "DOFSTART" and '"REND5C"

(when initialize W matrix for R22 use). Cell is the "least significant
half'" of VHFCNT, and can be displayed as the 2 least significant
digits in R3 of N45.

TYMR: Value of '"permanent" R27 value of TEMIYM, scale factor B28, units
centi-seconds. See TEMIYM.

UCL: Value of unitRCLP computed in "REND7", scale factor Bl (a unit vector,
of course).

UM: Value of unit measurement vector derived in "GETUM'", scale factor Bl:
it gives the direction of the optics-measured information in
reference coordinates.

USTAR: Unit "fictitious star direction', scale factor Bl, updated in
"BVECTORS'" (initialized in "REND7"). Two such quantities are
used, 'chosen to be perpendicular to each other and to the current
estimated line-of-sight vector."

ybther: See Orbital Integration.

VARIANCE: Triple precision variance associated with the navigation
measurﬁment reflected in DELTAQ, scale factor BLO, units of
meters”. The value for use in "INCORP1" is computed by the calling
program based on a priori measurement errors.

VCV, VCybm: See Orbital Integration.

VHF.B (components VHF.B+O, VHF.B+2, VHF.Bt+,): Propagation vector for R27,
components sEaled Bl, Bl5, and B30 respectively. Loaded with 1,
At, and % 8t° respectively, where At is the time interval required
for extrapolation (e.g. TIML - TEMTYM in "WUNZMOR"), centi-seconds.

VHF.OMEG: Weighting vector used in R27 computations ("WUNZMOR'"). VHF.OMEG
(first component) initially used for retention of raw measurement, B20
meters. When initially computed from [WMAT , components B23, B9, B-6
respectively. When used to update SVIEM., components scaled B3, B-11,
B-26 respectively, as they are when upda%ing Vﬂﬂﬂj, for no rescaling.

[VHF.Q]: Value of '"permanent' R27 weighting matrix, loaded into ﬁMmtﬂ in
"WUNZMOR" and from [WMAT] in "STOR77". See [WMAT] .
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VHF.Z: R27 measurement incorporation vector, scale factor Bll, meters.

VHFCNT: Single precision cell, scale factor Bli, giving a count of the
number of VHF range marks that have been incorporated into the state
vector in R22 (it is incremented in "REND12"). It is reset to O
at the points listed for TRKMKCNT (which is the 'least significant
half'" of VHFCNT), and it can be displayed as the 2 most significant

digits in R3 of NA5.

VHFRANGE: Value of incoming VHF range measurement (a scaled version of the
15-bit integer in RM), scale factor B27, computed in "RANGERD1'" and
corrected for overflow of the data interface (see K328nm) in "RANGERD7".

VHFTIME: Value of computer clock when last VHF range sample for R22 made,
scale factor B28, units centi-seconds. It is initialized to present
computer clock in "R22'", and if at least K Osecd have elapsed
since it was last loaded (see "REND3" 1ogic§,5%ﬁe8 another sample
attempt for R22 is initiated. It is set to MARKTIME in ''R22BAD"
(sample not successful) or '"R22GOOD" (sample successful): MARKTIME
is set to Tno in "RADSTART" (just after setting channel 13 bits to
initiate sampYe, but after releasing interrupts that were inhibited
during channel 13 setting).

VSAV: Value of "permanent' R27 value of VSAVTEM, scale factor B7, units
meters/centi-second, loaded into VSAVTEM in "WUNZMOR" and from
VSAVTEM in "STOR77'.

VSAVTEM: Value of DELVIMUX sampled in "TAKER2'" or '"WUNZMOR", used to update
SVIEM+2 during R27 performance with P48, scaled B7 meters/centi-second.

[Wi 3 Wi, Wi: Notations used to describe portions of the "W' (error

transition) matrix used in R22 and stored in the computer memory. The
matrix as defined for R22 is made up of four separate 3x3 (each double
precision) matrices, a total of 36 elements. In former programs,

the matrix was 9x9: to minimize the impact of changes, the last three
rows and last 3 columns have been deleted, but the memory cell assignments
have not otherwise been modified. This means that the first two matrix
portions ([W and[w ) occupy cells W, through W (indices are Bl13),

and the remaining tWo matrix portions ([Wé]and[WtE occupy cells

W 7 through WL . Note that computations ¢arried*out by vector operations
on' 3 elements ét a time are designated by the usual vector notation

with the subscript being that of the first element involved: W,, for
example, is the '"vector' made up of (W, , WL s Ws).

Initialigation of the W matrix involves initializing the diagonal
elements of [W with the appropriate position uncertainty information
and the diagonal elements of |W,|with the appropriate velocity
uncertainty information. The scdale factor of [W.{and|W.{elements

are all B19 in units of meters; for [Wg]amiﬁmg , the gcaling is

BO in units of meters/centi-second.
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[WMAT] : Weighting matrix used in R27 computations. FElements of £irgt(WMAT )
row are scaled Bl2; of second row are scaled B-2; and of third
row are scaled B-17 (units meters, meters/centi-second, and meters/.
centi-second? respectively). Matrix initialized in "TAKE2'. See LVHF.Q?.

WRENDPOS: Single precision value of W-matrix initialization for R22 position
computations, scale factor Bl9, units meters. Can be updated by
"V67CALL", and would be expected to form part of the prelaunch load.

It is also loaded (if final pass and in minimum key rendezvous mode)
AN R p . .
%EENggéé?s with Kposve12 (see Burn Computations), and is used in

WRENDVEL: Single precision value of W-matrix initialization for R22 velocity
computations, scale factor BO, units meters/centi-second. Can be
updated by "V67CALL", and would be expected to form part of the
prelaunch load. It is also loaded (if final pass and in mimimum
key rendezvous mode) in "VN1645" with K (see Burn Computations),

and is used in "REND5C'. posvell

WWOPT: Single precision cell, scale factor Bll, used in "VA7CALL" to
specify whether W-matrix initialization elements are to be changed.
The value when displayed initially in R3 of N99 is O: a non-zero value
after PRO to 0699vn causes WRENDPOS and WRENDVEL to be changed.

WWPOS: Quantity displayed in R1 of N99, scale factor Bl9, units meters.
It provides the present Wematrix RSS position error. If the loading
option is selected, is used as source for WRENDPOS information.

WWVEL: Quantity displayed in R2 of N99, scale factor BO, units meters/
centi-second. It provides the present W-matrix RSS velocity error.
If the loading option is selected, is used as source for WRENDVEL
information.

ZO’ Zl: Measurement vector information, scale factor B20,units meters,
computed at the start of "INCORP1". Subsequently rescaled.
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