LONEIDENTIAL -

z" = 2" - 25 (6)

x" = x" sin Lgg - 2" cos LgR (7)

YY" = ¥ (8)

2"'= 2" sin Lgg + X" cos Lgg (9)

D= '\/(x‘")e + (Y2 4 (22 (10)
zlll

E = arcsin - (11)

1}

A =C, + Cp arctan ¥

(12)

where C; and C, depend on the signs of x" and ¥" as follows:

X Y C, Co
+ + /2 1
- - /2 1
- + w/2 -1
+ = /2 -1
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SUBPROGRAM C76 (EXAUST).

CONMHBENTFHAE o

usable propellants and the time of their exhaustion.

FORTRAN II reference statement is CALL EXAUST.

a.

COMMON
TAG

LSEQ

FUFB

FWBG

FDLT

FTPSP

FULB
FWBL
FULS

FWIB
FPRGL

FUF3

FPRGG

FPSGL

FPRSL

FPSGG

InEuts.

DIMENSION
p!

The duplexed inputs are as follows:

UNITS SYMBOL

Flight stage and substage
indicator, normal sequencing

Usable booster fuel Fru
remaining

Booster fuel rate FB
Length of current tCIi
integration interval

Current time of flight tf
since liftoff

Usable booster LOX Lyy
Booster LOX flow rate ig
Usable stage II LOX Lsy
remaining

Stage II LOX bleed rate LspL
Stage II gas generator ¥ b
bypass LOX, flow rate g8
Usable stage II fuel Fsuy
remaining

Stage II gas generator ?ggb
bypass fuel flow rate

Stage II gas generator ngnb
non~-bypass LOX flow rate
Sustainer thrust build- Lz7p
up total LOX consumption

Stage II gas generator pggnb

non~-bypass fuel flow rate

cofrITNTTIe—

The

EXAUST maintains a log of

UNITS

positive
integer
slugs

slugs/sec

seconds

seconds

slugs

slugs/sec

slugs

slugs/sec

slugs/sec
slugs
slugs/sec
slugs/sec
slugs

slugs/sec
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COMMON

TAG DIMENSION UNITS SYMBOL UNITS
PPRSG 2 Sustainer thrust build- FsTp slugs
up total fuel consumption
FPRFL 2 Stage II sustainer LOX iB slugs/sec
flow rate
FPRFG 2 Stage II sustainer fuel Fg slugs/sec
flow rate
FPSSL 2 Sustainer thrust decay LSTD slugs
total LOX consumption
FPSSG 2 Sustaliner thrust decay PsTD slugs
total fuel consumption
FTS4 2 tg = ty seconds
FTT4 2 t7 - tu seconds
FT75 2 t7 - t5 seconds
FTQ8 2 t9 - t8 seconds
LEVEL 1l Number of intervals per
simulation interval
1
FDELT 2 ' Length of output intervals seconds

b. @©utputs. The outputs are newly computed values of
usable propellants and the time of their exhaustion as follows:

COMMON

TAG DIMENSION ITEM SYMBOL UNITS

FUFB 2 Usable booster fuel Py slugs
remaining

FULB 2 Usable booster LOX LBU slugs
remaining

FTPEB 2 Expected time of booster terE seconds
usable fuel exhaustion
from liftoff

FTLED 2 Expected time of booster tBLE seconds
usable LOX exhaustion
from 1liftoff
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~CENPTOENTL:

COMMON
TAG DIMENSION ITEM SYMBOL UNITS
FUFS 2 Usable stage II fuel Fsy slugs
FULS 2 Usable stage II LOX Lsy slugs
remaining
FTFES 2 Expected time of stage II tre seconds
fuel exhaustion from
liftoff
FTLES 2 Expected time of stage II tyg seconds
LOX exhaustion from
liftoff
Sw(1) 1 Turned @N if booster fuel
exhaustion i3 expected to
occur before booster LOX
exhaustion
sSw(2) 1 Turned PN if stage II fuel

exhaustion is expected to
occur before stage II LOX
exhaustion

c. Program Logic. FD C76

(1) Steps 1-8. A log of usable propellants and the
time of their exhaustion is monitored by a flight stage and
substage indicator for normal sequencing in LSEG. At 1iftoff,
if the number of intervals per simulation interval is equal
to three, the length D of the current integrated interval is
multiplied by three. Prior to booster cutoff, booster LOX
is computed and the parameters are determined by the expres-
sions in group one. Otherwise the subprogram proceeds at
step 9. £ the booster fuel exhaustion is expected to occur
before the booster LOX exhaustion, Sw(1l) is set @N. Other-
wise 3w(1) 1is set gFF.
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(2) Steps 9-21. The following chart gives the con-

ditions and expression group used to compute the stage II

I0OX parameters.

MISSILE EXPRESSION SUBPROGRAM

STATE GROUP ACTION

Liftoff 2 SW(2) is set @FF and subprogram
continues at step 25

Prior to boos- 3 Subprogram continues at step 22

ter Jjettison

Prior to sus~ 4 Subprogram continues at step 22

tainer full

thrust

Sustainer full 5 Subprogram continues at step 22

thrust

Sustainer cut- 6 Subprogram continues at step 22

off time

Prior to vernier 7 Subprogram continues at step 22

thrust decay

In all other cases, the subprogram returns to the user

subprogram.

(3) Steps 22-24. If the stage II fuel exhaustion is
expected to oceur before the stage II LOX exhaustion, SW(2)

13 set @N. Otherwise SW(2) is set @FF and the subprogram
proceeds at step 25.

(4) Step 25. CUTIE i1s stepped by one and control is

returned to the user subprogram.

(5) The following chart gives the time sequence and
expression group used to compute the new values of usable

propellants and the time of exhaustion.

2-832



- GOMBIBENTIAL

TIME LESS EXPRESSION
L3EG THAN STAGE OF PLIGHT GROUP
1 t Liftoff 1l and 2
2 t2 Stage II gas generator 1l and 3
start
3 t“ Prior to booster Jjettison 3
4 t7 Prior to sustainer full thrust 4
5 t8 Sustainer full thrust 5
6 tg Sustainer cutoff command 6
7 tio Sustaliner thrust decay T
8 11 Vernier thrust decay P
9 ti2 Vernier cutoff command

d. Expressions. Dual computations are performed for all

expresslions.

The alphabetic characters used in the expressions

designate the terms defined in the Inputs or Outputs paragraphs,

GROUP 1
Fpy = Ppy + (Fp « tCI1)
tepe =t - (Fpu/Fp)
GROUP 2
Lsy = Lgy + (LspL * tor1)
t1g = te- (Lsu/LspL)
GROUP 3

Fsy =Fsu* (Pggp * topa)

Ipy = Lpy + (I » topy)

tBLE = tf - (Lpu/Lp)

tLe = tr - (Lsu/Lggp)

tre = tr - (Fsu/Fgep)
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GROUP 4

I (tz =ty)+ L (tr = t)
where Y = 2 T L 2 + M D
7= % gl |

K (te - t,) + N (t7 - t.)
where Z = 2 ? L 5+tAt D
b7 -ty 7 " b

LSU = LSU +Y tLE = tf - tCIi (FSU/{)

Pgy = Fsu + 2 tpe = tr - Yera (Fgp/2)

Loy = Lgy + (Lggnb + Ls) tery

tre = %t - [LSU/(i'ggnb i LS)]

teg ® B [FSU/({?ggnb + 1;’S)]

GROUP 6
_Lstp__ ]
sy = Isy + Ll‘ssb" tg - tg Ye11
Pe = P e . I
sU~ “sut |Feeb t e ] tens
9 8 -
& t sy
IE = *r ’
Larp (tg - tg) + Lggy
F
- su
teg = * =
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GROUP 7

ggnb
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Mod G2

2-259. SUBPROGRAM P10 (GGDSIM). CGDSIM produces cyclic
steering orders and discrete commands for use by the flight
simulator, GGDSIM 18 used as the guldance portion of closed
loop flight simulation and 1s called every cycle during

powered flight by CL@@GP. The PORTRAN II reference statement
is CALL GGDSIM,

a. Inputs. PFor each operational cycle DASIM supplies
the ground guldance simulator with missile coordinates ex-
pressed in range D, elevation E, and azimuth A, Other inputs
include the constants T, G, M, and S. The system S constants
are used by all subprograms and are a permanent part of OTC,
The T, G, and M constants involve data sensitive to target-
launch site locations and are set up for every OTC run.
The phase counters (P, P, PB)’ the subphase counter M, the
phase sequencer PPLAG, and the coast flag also are supplied

to GGDSIM, These inputs are summarized as follows:

COMMON
TAG ITEM
XD(1), XD(2 le (1 = 1..4) four values of range
XD(3), XD(4
XD(5), XD (6
XD(7), XD(8
XE(1), XE(2 Eik (1L =1,.4) four values of elevation
XE(3), XE(4
XE(5), XE(6
XE(7), XE(8
Xa(l), Xa(2 AKX (1 =1..4) four values of azimuth
XA(3), XA(4 1
XA(5), XA (6
XA(7), XA (8
sw( 42) Coast flag
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COMMON

TAG ITEM
NFLAG(2) M
NFLAG(8) PFPLAG
NFLAG (10) P
NFLAG(12) P,
NFLAG(14) P3
XS(1)-xs(308) System constants S,-Sjgy
XG(1)-XG(24) Ground guidance site constants G,-G,,
XM(1)-xM(66) Missile {pitch table and impulse

ad justment) constants Ml-M33
XT(1)-XT(30) Target constants T,-T)g

b, Outputs. GGDSIM generates yaw, pitch, roll, abort,
prearm delay, and time-to-go commands depending on the out-
come of the current cycle computations, These outputs are

summarized as follows:

COMMON

TAG ITEM SYMBOL
XST@R(1), XSTER(2) 1st pitch channel o,
XSTPR(3), XSTER(4) 2nd pitch channel 6B
XSTBR(5), XSTAR(6) 3rd pitch channel 60
XSTPR(7), XSTER(8) kth pitch channel 5D
XST@R(9), XSTPR(10)  1st yaw channel ¥,
XST@R(11), XSTER(12) 2nd yaw channel ¥
XSTPR(13), XSTPR(14) 3rd yaw channel ic
XSTPR(15), XSTER(16) Uth yaw channel .
XDEW(657), XDEW(658) Time-to-go to cutoff ty
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COMMON
TAG

NFLAG(10)

NFLAG(12)

NFLAG(14)

SwW(4s)

Sw(u6)

XDBIT

NFLAG(3), NFLAG(M4)
NFLAG(5), NFLAG(6)
NFLAG (1), NPLAG(?2)
XDEW(709), XDEW(710)
XDEW(711), XDEW(712)
XDEW(585), XDEwW(586)

¢. Program Logic.

(1) Steps 1-22,

ITEM SYMBOL
1st value of P P
2nd value of P Pa
3rd value of P P3
Prearm delay flag
Abort flag
XDBIT(1)-XDBIT(13)
Substage cycle counter q
Cycle counter K
Sub-P phase cycle counter M
Net pitch 0, %1 + 8,k

°
~

Net yaw attitude deviation YAk + ¥

ol

Slant range acceleration
FD P10

SW(60) 18 set #FP, P 1s stepped by

PFLAG and P, and P; are set equal to P,

P VALUE ACTION
P = U0 Exit to ILILCMD to print error statement,
P changed M 13 set to one to indicate the first pass

through GGDSIM for that phase,

P unchanged M 1s stepped by one,

P=20O PFLAG 18 set to four, The XDEW area 1s
initialized. STUP1l, STUP2, and STUP>
perform setup computations, NP 1s set to
one, XDEW(714) and XDEW(728) are set to

three and the subprogram continues at
step 245,
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PAO PFLAG 1s cleared and CYCLE sets up
certain registers for this pass
through GGDSIM,

P=7 If M= 5, current time of flight is
stored for future use., Otherwilse,
the subprogram continues at step 21,

P = 6 or 10 If M= 1, counter q 1s cleared and
the subprogram continues at step 23,
Otherwise, the subprogram goes
directly to step 23.

(2) Steps 23-38,

P VALUE ACTION
P < 38 XDBIT(3) 1s set to one.
P=2, 3, 38, or 39 Ccunters t and ts are cleared.
3JP< 38 Counter t is stepped by one.
P =10 or 16
or Counter tg 1s cleared.
22 < P < 30
P £ 10 or 16
and
3JPLK 23 Counter tg 1s stepped by one
or
29 < P 38
6 < P« 38 TPLYT computes current time of
flight since liftoff,
29< P < 38 MSDST computes miss distance,

(3) Steps 39"“90

P VALUE ACTION
1< P< 40 Radar coast counter 1s set to minus

one. DASMB performs data assembly.
converts radar data to guld-
ance simulation coordinates,

P = 38 PPFLAG 1s set to one and the subpro-
gram continues at step 245,
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P = 39 XDBIT(9) and XDBIT(13) are set to
one and the subprogram continues
at step 245,

1< P< 38 MSP@S computes current missile posi-
tion, The current target position,
crossplane vector and its magnitude,
rotational velocity, and gravitational
acceleration are computed,

(4) Steps 50-73,

P VALUE ACTION

P>5 Pirst and second differences are
computed,

22 < P<K 30 PFLAG is set to one,

P > 29 If NFLAG(Y4) is greater than zero, the

evaluation phase filters are computed,
NFLAG(4) 1s stepped by one, and the
subprogram continues at step 157,

P =26 or 29 V 18 cleared and the subprogram con-
tinues at step 245,

P = 28 XDBIT(11) is set to one and the sub-
program continues at step 245,

P = 27 The subprogram continues at step 245,

P =25 XDBIT(10) is set to one and the

subprogram continues at step 245,

P = 24 IFLAG 1s set to 1610, The tangential
velocity of target aim point and the
square of the tangential velocity at
any point are computed, INTR@G inter-
rogates SW(45) to determine if the
prearm delay flag is set, If @N,
PPLAGC 1s set to six and the subpro-
gram continues at step 245, Other-
wise, the subprogram goes directly
to step 245,

P = 23 If QAI<:32u' V 1s cleared and the

subprogram continues at step 245,
Otherwise, SW(45) 1is set PN and the
subprogram continues at step 245,
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(5) Steps 74-83,

P VALUE ACTION

5 <P <23 If radar coast counter 1is greater
than Sop, PFLAG 18 set to 40 - P and
the subprogram continues at step 245,
If t > 3163’ the first-order filter

common to pre-vernier and vernier
phases 1s computed,

P = 18 If tg > Sy, PFLAG 1s set to one and
the subprogram continues at step 243,
Otherwise, the subprogram goes
directly to step 243,

(6) Steps 84-92,

P VALUE ACTION
18 < P < 23 NFLAG(4) is stepped by one and the

vernier filter 1is computed.

Ir DK > g 5 XDBIT (10) is set to
one, PFLAG 1is set to 40 - P and the
subprogram continues at step 245,

If T, > O, SW(45) 1s set and the
subprogram continues at step 90,
Otherwise, the integrals of the ver-
nier dead-reckoned acceleration are
updated and the vernier Z and vernier
Y velocities are computed,

(7) Steps 93-113,

P VALUE ACTION
P = 22 The subprogram continues at step 157.
P =19 If tg3 > Sy, PFLAG 18 set to one and

the subprogram continues at step 157.
Otherwise, the subprogram goes
directly to step 157.

P <18 If t > S;63, the second-order filter
used befOré sustainer cutoff is com-
puted, Otherwise, the subprogram
continues at step 99,
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P<6 The subprogram continues at step 114,
P =6 The subprogram continues at step 142,
P=10 If YL Sg», SUSIC performs sustalner

initialization, PFLAG is set to one,
and the subprogram continues at step
142, Otherwise, the subprogram goes
directly to step 142,

P< 15 The subprogram continues at step 121,
P = 15 The subprogram continues at step 157,
P > 15 PFLAG is set to one,

P = 16 VRNIC performs vernier initialization

and V is cleared, If |YA|or|6A|>>323,

Sw(45) i3 set PN and the subprogram
continues at step 243, Otherwise,
the subprogram goes directly to step
243,

P =17 Vernier pitch-over 1s computed and
the subprogram continues at step 243,

(8) Steps 11k4-120,

P VALUE ACTION
P =5 If t > 33, BSTIC performs booster

initialization, PFLAG 1s set to one,
and the subprogram continues at step
243, Otherwise, the subprogram goes
directly to step 243,

P= 2 If t > 85, initial roll is set uwp,
PFLAG is set to one, and the subpro-
gram continues at step 243, Other-
wise, the subprogram goes directly
to step 243,

P< U4 The subprogram continues at step 245,

(9) Step 121,

P VALUE ACTION

P=T, 8 9, 11, 12, Crosswise velocity errors are
13, 14, 20, or computed,
21
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(10) Steps 122-140,

P VALUE ACTION

P =7 If tg ~ Sjyj, the constant attitude
wires prior to booster and sustainer
steering are 1initialized, Otherwise,
the subprogram continues at step 142,
If t > 5, WIRES initializes the con-
stant atfitude wire components, PFLAG
i1s set to ore, and the subprogram con-
tinues at step 142, Otherwise, the
subprogram goes directly to step 142,

P =28 If t > Sg, PFLAC 1s set to one and
the subprogram continues at step 142,
Otherwise, the subprogram goes
directly to step 142,

P=9 If t > S», PFLAG 18 set to one, and
the Bubpzogram continues at step 140,
Otherwise, the subprogram goes
directly to step 140,

P =11 If t. < Sjy1, the subprogram contin-
ues 2t step 142, If t, > So, WIRES
initializes the constant attitude
wice components, PFLAG 1s set to one,
and the subprogram continues at step
142, Otherwise, the subprogram goes
directly to step 142,

P =12 If tg > S,4» PFLAG 1s set to one, and
the sabpragram continues at step 142,
Otherwise, the subprogram goes
directly to step 142,

P =13 STEER computes the steering filters

and gailn adjustment, The subprogram
continues at step 141,

(11) Steps 1U41-147,

P_VALUE ACTION

P=6, 7. 8, 9, Tre pitch computation 1s performed,
11, 12, 13, Trreshold acceleration and nominal
or 14 pitch wire are_computed. If radar

coast counter 2 0, or ¥, 2%y, or

t<s » the subprogram continues
at step”154, Otherwise the subpro-
gram continues at step 148.

2-844 . amarmisseass, Changed 31 October 1962




P VALUE

P=13
or

5< P 10

10 < P< 13

P =14

P VALUE
6

P =

P _VALUE

P <

P =

P =

i< IR ~dl 20

Changed 31 October 1962 oo o

(12)

Steps 148-153,

ACTION
PFLAG 1s set to 40-P and the subpro-
gram continues at step 245,
The subprogram continues at step 154,

XDBIT(10) is set to one, SW(45) is
set PN, and PFLAG is set to 16-P,

(13) Steps 154-157.

(14)

15
13

14

20

21

ACTION

If t > Sy, PFLAG is set to one, and
the subprogram continues at step 157.
Otherwise, the subprogram continues
at step 243,

Ballistic equations are computed by
BALEQ,

Steps 158-163,

ACTION
The subprogram continues at step 170,
If M > 70, the subprogram continues
at step 164, Otherwise, the subpro-
gram continues at step 170,
The subprogram continues at step 164,
XDEW(730), XDEW(732), and XDEW(734)

are cleared and the subprogram con-
tinues at step 170,

If £t_>S g, the subprogram continues
at s%ep Z L, Otherwise, the subpro-
gram continues at step 170,

The subprogram continues at step 164,
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(15) Steps 164-1T71,

P VALUE ACTION
P=2] XDEW (730) and anw£732) are initial-
1zed, If XDEW(730) = O, the subpro-

gram continues at step 170, Other-
wise, the program interpolates for
missile speed as a function of current
time of flight since liftoff, VECMAG
computes the magnitude of the current
missile velocity vector, If the inter-
polated missile speed minus the mag-
nitude of the current velocity vector
1s greater than 5.0 feet/sec., the
subprogram continues at step 259,
Otherwise, the subprogram continues

at step 170,

P < 30 Constant attitude wire components
are computed,

P = 30 The subprogram continues at step 212,

(16) Steps 172-195,

P VALUE ACTION

P > 18 The subprogram continues at step 196,
P<13 The subprogram continues at step 243,
12< P< 19 XDBIT(5) 1s set to one, The estimated

vernier acceleration and the velocity
magnitude error during sustainer are
computed, If radar coast counter

> S, SW(45) 13 set gN.

P=13 If tg < Syp, PPFLAG 1s set to one and
the sSubprogram continues at step 243,

P=14, 15, IPLAG 18 set to i1dentification integer
21, or 22 1610, INTREG interrogates SW(64) to
determine if time to go 1s to be com-
puted, If @N, the time to go is

computed,
P =21 If t_.< 8 79 XDBIT(10) and PPLAG are
set Eo ong and the subproagram contin-

ues at step 243, Otherwise, the sub-
program goes directly to step 243,
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P=14

P = 15 or 22

If ¢t < Ség’ the subprogram continues

at s%ep 186, Otherwise, the subpro-
gram continues at step 243,

XDBIT (10) 1s set to one. If tg< S;ys,

register V 1s set to t,, PFLAG 1s set
to one, and the subprogram continues

at step 243, Otherwise, the subpro-

gram goes directly to step 243,

(17) Steps 196-211,

P VALUE
18 < P< 23

P = 21 or 22

P = 20

ACTION

XDBIT(6) 1s set to one. The velocity
error magnitude during vernier and
vernlier threshold are computed, If
D*k >’325. XDBIT(10) 1s set to one,
PFLAG 13 set to 40 - P, and the sub-
program continues at step 243, If

To 2 0, SW(45) 1s set @N,

Ir t_ZLE s the subprogram continues
at step 182. Otherwise, XDBIT(10) 1s
set to one, SW(U45) 1s set #N, PPLAG
i1s set to 23 -~ P, and the subprogram
continues at step 243,

If t. < S.«, the subprogram continues
at s%ep 3&% Otherwise, 1if Ev >0,
PFLAG 1s set to one and the subprogram
continues at step 243,

(18) Steps 212-220,

P VALUE
P = 30

Changed 31 October 1962 ity

ACTION

If t_ > Slg, PFLAG 1s set to one and

the gubpro ram continues at step 2u5,

Otherwise, 1if Tc < O arnd p*k < 52

r
the subprogram continues at step gﬂ5.
If T, > 0 and/or D*K > S,., IFLAG is
set £o 1dentification 1n€gger 1610,

If the prearm delay flag 1s set
(sw(4s) = @N), PFLAG 1s set to 40 - P;
otherwise, PFLAG 1s set to 38.P, 1In
either case, the subprogram continues
at step 2is,
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(19) Steps 221-230,

P_VALUE ACTION
P= 31 IPLAG 18 set to identification inte-

ger 1610, If Sw(us) 1s @FF, PFLAG 1s
set to 37 - P and the subprogram con-
tinues at step 245, If SW(u45) 1s @N,
C5 < My < Cy, and Cq < My /cos #y; < Cgs
PPLAG 1s set% to one, and the subpro-
gram continues at step 245, Other-
wise, PFLAG 1s set to 40 - P and the
subprogram continues at step 245,

(20) Steps 231-242.

P VALUE ACTION

P = 32 XDBIT(10) and PPLAG are set to one,
The subprogram continues at step 245,

P = 33 Register V 1s cleared and PFLAG 1s
set to one.

P = 34 PPLAG 1s set to one.

P = 35 XDBIT(11) and PPLAG are set to one,

P = 36 Register V 1s cleared and PFLAG 1is

set to one,
P = 37 If tg > S,,, radar coast counter =0,
and/or Cq°> Sps, PFLAG 1s set to one.
(21) Steps 243-215,

P _VALUE ACTION

3< P< 23 PRSCP processes steering orders,
SGSEP separates the signals for use
by the flight simulator, and SW(60)
13 set @N.
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(22) sSteps 2u46-247,

P VALUE ACTION
For all P YAWCE computes the correction for

initial value of launch azimuth,
XV(1) is set equal to XV(2).

(23) Steps 248-263,

P_VALUE ACTION

P=2U Equivalence 1s forced in register NP,
If M< 4 or NP> 5, CUTIE i1s stepped
by one &nd control is returned to the
user subprogram, Otherwise, XDEW
registers are initialized and VECMAG
computes the magnitude of the missile
position vector, If NP< 5, the sub-
program continues at step 262, If
NP = 5, the program interpolates for
missile position as a function of time
of flight since 1liftoff, VECMAG com-
putes the magnitude of the current
missile position vector, If the
interpolated value of missile position
minus the magnitude of the current
missile position vector 1s greater
than 10 feet, IFLAG 1s set to identi-
fication integer 1610, XDEW registers
are cleared, RLLBCK effects return
to the previous checkpoint, and the
subprogram continues at step 262 where
NP 1s stepped by two, If NP > O,
CUTIE 1is stepped by one and control
is returned to the user subprogram,
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2-261. SUBPROGRAM GO7 (MSDST). MSDST computes miss distance,
The FORTRAN ITI reference statement is CALL MSDST.

a. Inputs. The inputs are as follows:

COMMON

TAG SYMBOL UNITS
XDEW(38) de'l Aged upon entry feet’
XDEW( 2) ak pure no.
XDEW (4) bk feet-17/2
XDEW(8) ck pure no.
XDEW(14) gk pure no.
XDEW(18) hK pure no.
XDEW(20) K pure no.
XDEW (170) =l feet
XDEW(174) DN feet
XDEW(178) Zy -1 feet
XDEW(598) ink"l ft/sec
XDEW (602) QMk“l ft/sec
XDEW({606) éMk“l ft/sec
XDEW(750) XEk ft/sec
XDEW(752) YEk ft/sec
XDEW(754) ZEk ft/sec
Xc(30) Cig rt2/sec?
xc(32) Cig rad/sec
XC(34) Ciy rad/sec
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COMMON
TAG

Xc(36)
xc(?2)
Xc(96)
xc(98)
XS (80)
XS(86)

b. Outputs.

COMMON
TAG

XDEW (28)
XDEW (30)
XDEM ( 32)
XDBW(34)
XDEX ( 36)
XDEM ( 38)
XDEW( 40)
XDEM ( 42)
XDEW(484)
XDEW( 46)

¢. Program Logic.

SYMBOL

Ci8
Cy

Cyg
C‘l9
Sko

The outputs are as follows:

integer 707 and the value Ry is aged.

1s computed as follows:

2-854

UNITS

rad /sec
feet

pure no.
pure no.
sec/ftj/2
naut.mi /ft

UNITS
pure no.
naut mi
naut mi
naut mi
naut mi
feet”
feet}
feet6

naut mi

naut mi

IFLAG i8 set to identification

The miss distance



iR L £%) /(6%)3 ] sug
K = (0% - ak)/(2 - ak)
X = (5% x K1 4 i g k-1

Yek = (J¥ YMk'l + 1° ink'l)

Z€k = (Jk sz-l + kk é"kvl)
2
(de) = 016 xé( + 017 Yek + 018 Z€k

CALL SQDEW [015 - (de)u, Ry %, de]
k k
M. = Su3 [Cug (Ry)Z - Cug Ry |
M< = Suz [xél‘ X< + Y Yg< + 2" 255 / Cy + gl

SQDEW performs the square root function in the preceding
expressions. CUTIE is stepped by one and control is re-

turned to the user subprogram.
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2-p62. SUBPROGRAM 012 (MSP@S).

missile position. The FORTRAN II reference statement is CALL

MSPES.

a. Inputs.

COMMON
TAG

XDEW( 94)
XDEW(98)
XDEW( 102)

XDEW( 116)
XDEW( 120)
XDEW( 124)
XDEW( 182)
XDEW( 186)
XDEW( 140)
XDEW( 246)
LDEW( 2%0)
XDEW( 464)
Xc( 38)
xc(u4e)
Xxc( 42)
Xs(108)
XS(110)
Xs(112)
XS(11k)
NFLAG( 4)

The inputs are as follows:

e k_l

ee k-l

MSP@S computes earth-centered

UNITS
feet
feet
feet

féet
feet
feet
feet
feet
feet

ft/sec~cy
ft/sec-~cy

ft/sec-
feet
feet
feet
cycles
cycles
seconds
sec/cy

cycles

2~-857



COMMON

TAG ITEM UNITS
NFLAG( 10) P pure no.
sw( 52) Switch 52

b. Outputs. The outputs are as follows:

COMMON

TAG ITEM UNITS
XDEW( 170) xuk feet
XDEW( 174) Y'k feet
XDEW( 178) %" feet
XDEW( 182) x}k feet
XDEW( 184) x;“l feet
XDEW( 186) YBK feet
XDEW( 188) Y3“‘1 feet
XDEW( 190) yA ;‘ feet
XDEW( 192) 23“‘1 feet
NFLAG( 4) qQ cycles
SW( 52) Switch 52

¢. Program Logic.

(1) IFLAG is set to identification integer 712. The
earth-centered missile position is computed depending on the
stage of flight.

If P< 15 (missile prior to vernier)

k k k k=2
X = X3 +Sg (X3~ - X77F) + Cyg

Lk =k 45, (T - v ke2) 4 Cy
K =z k k - g k-2
Zyt = 2)% +.5., (2K - 2,k2) +Cp)
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If 16 < P< 29 (missile (Ln vernier)

K = 0K+ s (K - x k-2) 4 Cyg

k k k k-2
§

k-3 > k=1

If P > 30 (missile after vernier) and SW(52) is @FF, set

SW(52) = #N
Q=0

13 -Y3=Z3-0

Proceed to age Xy, Yy, Z5e If SW(52) is #N, proceed to age

13 3 Z as follows.

k k=1 1
ATTD ATA (x, -

k k-1 k-l
Y. = Y + (Y -Y )

3 > q+1 ¢ >

k k-1 1 k k-1
A = Z + (Z -2 )

> 3 g+l * 3

The earth-centered missile position coordinates after vernier

are computed as follows:

K-1 2w k-1

=Y - Y S C
X 3 S 5T * “x0
k _z k-1 _ j25Kk1

2y - a7 * Ca

(2) ARROR checks the status of indicators. CUTIE 1is step-

ped by one and control is returned to the user subprogram.
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Mod Gl

2-263.  SUBPROGRAM D02 (PLGSIM). FLGSIM enters from SWAP
with SW(58) @N and produces pitech, yaw, ‘and roll turning

rates in quanta per cycle. It 1s used in open loop flight
simulation during the sustainer ané vernier phases. The

FORTRAN II reference statement is CALL @LGSIM.

a. Inputs. The inputs are supplied by the XDEW and VPP
matrices. Vernier engine cutoff and sustainer engine cut-

off are supplied by XDEW(799) and XDEW(800).

b. Outputs. The outputs consist of pitch, yaw, and
roll turning rates in quanta per cycle stored in XST¢H(1,1)-
XSTOR(2,8); time-to-go to sustainer cutoff and vernier cut-
off; and NFLAG(10) set to 6 for end of roll commands, 15
for sustainer engine cutoff, 22 for vernier engine cutoff,

and 40 for error.

c. Program Logic. FD DO2.

(1) Steps 1-28. Using time of flight since 1iftoff,
this sequence of steps computes the current missile velocity,
attitude, and gravitational acceleration vectors together

with the missile gravity turn.

(2) Steps 29-64., Output matrix XSTPR is cleared.
The input table 1s searched for values which are tested by
comparison with time of flight since 1liftoff. The table
search stops when time of flight 1s less than the value 1in
the table. The remainder of this section determines the

value of I to establish what commands are present.
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(3) Steps 65-73. Test for roll is performed. The

program continues in a sequence dependent on the value of I.

(4) Steps 74-99., Computations are performed for pitch

orders.

() Steps 100-108. Computations are performed to

determine the times to sustainer and vernier engine cutoff.

(6) Steps 109-122. Computations are performed for

yaw orders.

(7) Steps 123-13¢. Computations are performed for

roll orders.

d. Expressions.

DELTD = ___ 02 (1)

DEA = B (2)

= PLWR - YDEW(8)+(XDEW(Q) - XDEW(5)
= A, - (Roll turning rate) (t)

SC1€ = - w, cos ﬂﬁ sin Ap ° 1i0 (3)
0.390412
XM(1,34) + (Vgp - Vgp) * —22—==
DLTAVA = FLAMB ()
Vao
DR = FVA - DLTAVA (5)
ROOT3 = (X° + ¥° 4+ 2z°)2 (6)

where X, Y, and Z are comporients of missile position vector.

RSI = rgy (7)
=Ty cos © - Yy s1In ©
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RSJ

RSK

YSI

YSJ

YSK

GP

8J
ry cos 9 - YJ sin ©

Tsk

r, cos © - Yy sin ©
Yy cos 8 + ry 81n ©
Y, cos 6 + ry sin ©

Yk cos 6 + I‘k sin @

ko (XYgy + YYgy # 2251) | 180
(x2 + Y2 +2°)” (VDR) W

= SC16

(D -| XDEW(K)| )/FLAMB(1)

(D -| XDEW(K+")|)/FLAMB(1)

(D -| xDEW (k+8)| ) /FLAMB(1)

( |XDEW (K+8)| -| XDEW (K+4) | ) /FLAMB (1)
(|xnaw(x+u)|-|onw(K)|)/FLAMB(1)
(|xDEW(K)| - TF)/FLAMB(1)

Changed 31 October 1962 p rxasis

(8)

(9)

(10)

(11)

(12)

(13)

(14)
(15)
(16)
(17)
(18)
(19)
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