
-
(8) Steps 72-73. The unit roll axis vector ; is de-

-
fined. The angular acceleration vector a and a position 

-
vector r are set to zero by expressions (29) and (30). 

(9) Step6 74-77. The length of the current integration 

interval is checked for validity. A zero integration inter

val will oauae a return to the user subprogram (step 104). 
It the interval length is valid, the missile altitude in re

lation to the upper limit of the atmosphere is determined. 

If the missile is above the upper limit of the atmosphere, 

the subprogram continues at step 105; otherwise, the subpro

gram continues at step 78. 

(10) Steps 78-79. with the missile below the upper 

limit of the atmosphere in powered flight or in the re-entry 

stage, the sonic velocity at the current missile position is 

computed by expression (31). 

(11) Steps 80-89). The X, Y, and Z components of wind 

Yeloc1ty at the present missile position are computed by 

expressions (32), (33), and (34). The X, Y, and Z components 

of missile velocity relative to the air at the current mis

sile position are evaluated by expressions (35), (36), and 

('7). VECMAG computes the magnitude or the missile velocity 

vector� The missile velocity unit vector coordinates X, Y, 

and Z are determined by dividing the coordinates of the mis

sile velocity relative to the air by the magnitude or the 

missile velocity vector. 
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(12) Steps 90-92. The mach number is computed by di-

Viding the magnitude of the current missile velocity relative 

to the air by the speed of sound at the current missile loca

tion. The dynamic pressure on the missile is evaluated by 

expression (38). Also, the angle or attack is converted 

from radians to degrees and the product or this value and 

the dynamic pressure on the missile is computed. 

{13) Steps 93-95. IFLAG is set to identification 

integer 317. It the missile is in the re-entry stage or 

flight, the subprogram continues at step 107; otherwise, the 

subprogram continues at step 96. 

{14) Steps 96-100. INTERP computes the current axial 

drag coefficient C
A 

by table interpolation as functions of 

mach number. The X, Y, and Z coordinates for the axial com

ponent of acceleration due to aerodynamic forces are evalu -

ted by expressions {39), {40) , and {41). 

(15) Steps 101-104. The total axial thrust vector is 

evaluated by expression (42). The components of missile 

acceleration are computed by use of expressions {43) , {44), 

and {45) . Missile velocity components are placed in the FDX 

register. CU'l'IE is stepped by one and control is returned 

to the user subprogram. 

(16) Steps 105-106. With the missile in powered flight 

above the upper limit of the atmosphere, the missile weight 

ts computed and INTRRP interpolates for the current axial 

position of the missile center of gravity as a function of 
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� .. 

missile weight. The subprogram continues at step 10 1. 

( 17) Steps 107-112. With the missile in the re-entry 

stage or flight, and if range safety data has been requested, 

the subprogram continues at step 122. Otherwise, IFLAO is 

set to identification integer 316. If booster shell impact 

point is not t o  be determined, expression (47) is evaluated 

and the subprogram continues at step 124. Otherwise, the 

subprogra� continues at step 113. 

(18) Steps 113-116. INTERP performs four successive 

interpolations to obtain variables used in expression (46). 
I II 

Cnrer is a function of the mach n\Dlber and 6CD' CD, Cn are 

functions of altitude. 

(19) Steps 117-120. The sum of two variables (Cnrer 

+ 6c0) is computed as a component of expression ( 48). If 

the m1.ssile re-entry velocity or re-entry angle is equal to 

a predetermined reference velocity or angle, expression (46) 
is not computed since (Cnref + 6cn ) becomes the drag force 

coefficient. The subprogram continues at step 121. If the 

missile re-entry speed or angle is not identical to the ref-

erence speed or angle, the subprogram continues at step 120, 

where the drag force coe fficient Cn for the re-entry vehicle 

tot�l dynamic force vector ls computed by use of expression 

( 46). 

(20) Step 121. The magnitude of the re-entry vehicle 

total aerodynamic drag force divided by missile speed is 

computed by use of expression ( 47). The subprogram contin• 
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ues at step 124. 

(21) Steps 122-124. INTERP derives the current axial 

aerodynamic force coeff 1c1ent or the missile as a function 

or mach number by interpolation. The magnitude of the aero

dynamic drag force divided by the m1.ss1le speed ls computed. 

The X, Y, and Z components of the resultant force vector as 

a product or the drag force divided by missile speed and the 

respective velocities along each axis are evaluated by ex

pressions (48), (49), and (50). 

(?2) Steps 125-126. With the missile in the ballistic 

or re-entry stage of flight, missile acceleration ls computed 

as the swn or gravitational acceleration and axial aerody

namic drag force. CUTIE ls stepped by one and control 1s 

returned to the user subprogram. 

d. Express1ons. 

Pressure 
or 

Density 

. . 

... 

"m x "" -g - H 
o rm 

.. Ym y - -g - H o r m 

zm (H + z - -go r m 

Changed 31 October 1962 

(1) 

(2) 

("3) 

L) (4) 
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for SW(21) 2 � and SW(20) 2 ¢N 

r2 Jr4 [ 2] dr6 H .. � + -
4 

l - 5(s1n LcM) + 6 rm rm rm 
[9(s1n LcM)4 - 6(s1n LcM)

2 
+ �] 

L - [2J - dr2 
2 28(sin LcM)2 - 12 �] 

7rm rm 

for sw(21) • �N and sw(20) = � 

for SW(21) • � and SW(20) - ¢N 

r2 ar6 f 4 2 l] H • - + - L9(s1n LcM) - 6(s1n LcM> 
+ 

7 r 2 r 6 
m m 

for SW(21) = ¢pF' and SW(20) = ¢FF 

r2 
H •-

r 2 
m 

L = 0 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(14) 

2-712 
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FT = FvB + FTt,.. [ l /(t 4 - t2)] (4 
(j dt c ) B 

t2 
+ FsR (t4 - t3)/(t4 - t2) 

FT = [FvB (t5 - t4) + Fvs (t7 - ts> 

+ FsR (t6 - t4)]/Ct7 - t4) 

FT - [Fsv - K2P] + Fvs 

FT = [Fsv - K2P] + FVB 

(15) 

(16) 

(17) 

(18) 

FT = PVB (19) 

FT = 0 (?.0) 

FDM == FWBG + FWBL + F'llL.B (?.l) 

FDM = FWBG + FWBL + FPRGL + FPRGG (22) 

FDM = FWBSD + FPRGL + FPRGG + (FWSRP) (FT43) (23) 
FT42 (FT63) (FT42) 

FDM = (FPRGL + FPRGG) FT54 + (FPSGL + FPSGG) FT75 
FT74 

+ (-FWSRP) {FT64) _ FWRC + FPRSL + FPRSG 
(F'r6;) (FT74) FT74 FT74 

FDM s FPSGL + FPSGG + FPRFL + FPRFG 

FuM = FPRGL + FPRGG + (FPSSL + FPSSG)/(FT98) 

FDM • FPRGL + FPRGG 

FDM = 0 
--
a = 0.0 
--
r == 0.0 

. 
xw = VNW xm sin LCM + VEw Ym/rmxy 

Changed 31 

(24) 

(25) 
(26) 
( 7.7) 
(28) 

(29) 
c-;o) 
( �l) 

(32) 
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• 
YW • VMW Ym sin LcM - Xm VEw/rrr.xy 

Zw • VNW rmxylrm 
. . . 
xmr • xm + n Ym - Xw 
. . . . 
ymr • ym - Q Xm - yw 

q = ( 1/2) ( p SM 2) 

Dax = - qS/m co e x 

Day 2 - qS/m CD� y 

Daz • - qS/m Co� z 

p; •FT� 
.. 

X • Ox + OAx + ONx + (F;)/M 

• •  
z 2 Oz + DAZ + DNz + 

3 
Co = Corer + Co + L i::sl 

( )1-1 
3RE - Vref 

FDA - q en A,/W 
PDX m (FDA/v) Vx 
Fny m (FDA/v) Vy 

Fnz 2 (PDA/V) Vz 

(P.j. ) /M 
3 
� [<c� K1J + c� �1J> 
J•l 

( � E - 0 ref ) j - l] 

(33) 

(34) 

(35) 

(36) 

(37) 
(38) 

(39) 

( 40) 

(41) 

(42) 

(43) 

(44) 

(45) 

(46) 

( 47) 

(48) 

(49) 

(50) 

2-714 . Changec;1 �l October 1962 
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�· · � . . . . � . . . . ..... � v . '. _'li 
Mod G2 

2-24 3. S UBPROGR AM P24 (CL�P). CL�P performs closed loop 

flight simulation. The FORTR AN II reference statement is 

C ALL CL¢'$tP . 

a. Inputs. The inputs are as follow s: 

COMMON 
T AG DIMENSION I TEM SYMBOL UNI TS 

_. 
PS PPS 2, 3 Current missile position rm feet 

vector 
-+ 

FSPVL 2,3 Current missile velocity VM ft/sec 
vector 

FTFSP 2 Current time of flight tr seconds 
since liftoff 

G� A 2 Rotation rate of earth n rad/sec 

G AIR 2 Altitude above mean ha 1 feet 
sea level or upper 
limit of atmosphere 

GSYNC 2 Time interval between seconds 
end of last FSIMLC sim-
ulation interval and end 
of current GGDSIM cycle 

G AZEZ 2 Time interval after SECO t AoEo seconds 
when A0 and E0 are meas-
ured 

GDEL T 2, 3  Length or FSIMLC out- tRs seconds 
put intervals, powered, 
ballistic re-entry 

ILEVL 3 Number of output inter- r0/sim positive 
vals per simulation integer 
interval, powered, 
ball is tic. re-entry 

TMPLT 1 3.4 Total t'me of flight tr5 seconds 
vs earth-fixed range 
and launch azimuth from 
delta matrix 

GLXQA 2 1  Constraint - table of degs v s  
maximum angle of attack lbs/ft2 
vs dynamic pressut"e 

Changed 31 Qctober 1962 lllll1. .,,..,.,.., e•r>-a .. �.-
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COMMON 
TAO DIMENSION ITEM 

oc¢b'r 2,2 Mean SECO and VECO 
transmission delay 
times (not including 
whoosh times) 

PRDRV 2 Radar distance to 
center of earth 

PRC CL 2 Radar cosine of geo
centr lc l atitude 

SYMBOL UNITS 

ttd seconds 

cos LcR pure 
number 

PRSCL 2 Radar sine of geo- sin LcR pure 
centric latitude number 

FPRFL 

FPRF'G 

OLFVC 

XS(6) 

xs(58) 

2,1 

2,1 

2 

1 

1 

• 
Stage II Sustainer Ls slugs/sec 
LOX flo"" rate 

. 
Stage II Sustainer F8 slugs/sec 
fuel flow rate 

Con3traint - Sustainer FvcoN seconds 
burning time margin 

System constant 

System constant 

b. OutEuts. The outputs include the outputs or all sub

programs used by CL¢¢P and the following: 

COMMON 
TAG DIMENSION ITEM 

LEVEL 1 Number of output 
intervals per simu
lation interval 

2,7 

XL9fr 

GALST 2 

Magnitude of steering 
commands 

Type of steering 
commands 
Last value of radar 
azimuth 

SYMBOL UNITS 

Lo/SIM positive 
number 

. 

quanta 

positive 
integer 
radians 

GAD9/; 4 Current estimates of Aest 
radar antenna slew rate 

rad/sec 

GADMX 2 

2-720 

Current maximum value 
of antenna slew rate 

• 
AMAX rad/sec 

� Changed 31 October 1962 

 
WWW.CHROMEHOOVES.NET 
 
 
 
 
WWW.CHROMEHOOVES.NET 
 
 
 
 
WWW.CHROMEHOOVES.NET 
 



C OMM ON 
TAG DIMEN SION 

GADX T 2 

GL�K 2 

GL¢rcr' 2 

GXLPH 2 

GXLPQ 2 

GXLPl' 2 

GAQMX 2 

GMXQT 2 

GAQ ST 2 

GNQVA 2 

FAZR� 2 

FEZR� 2 

F SPEC 2 

GELVE 2 

GAFVC 2 

GBJ Sf.i 2, 15 

Changed 31 Ot�tober 

I TEM SYMB OL 

Time of flight from tArnax liftoff to GADMX 

Sine of smallest too- .Br.min 
small look angle after 
look angle has become 
6t least 5 degrees 

Time of flight from 
liftorr to GL¢'Stlc 

t.,8I.m1n 

Current largest exces- 9max sive angle or attack 

Dynamic pressure at q9max time of GXLPH 

Time of flight from temax liftoff to GXLPH 
Maximum value or dynamic �xN C S  pressure q during flight 

prior to re-entry vehicle 
sep�ration 
Time of flight from 

liftoff to GAQMX 

Value of q at booster 
jettison point 

Actual value or integral 
of qVa from liftoff to 
booster jettison 

A
R 

at time GAZEZ after 
s co 

E0 at t ime OAZEZ after 
sustainer cutoff 

Special requested inte1�-
rupt point time from 
liftoff 

Elevation angle nearest 
VEC O 

Stage I I  fuel remaining 
at vernier-commanded 
cutoff 

Booster-Jett ison point 
sunvnary data table 

l 9ni, '1J9f1PlllU�L � .. b...... , 

tq max 

Q BJT 

Ao s  

Eos 

tIN 

Fwco 

FV'JC O 

UNI T S  
seconds 

pure 
number 

seconda 

degrees 

lbs/rt2 

seconds 

lbs/rt2 

seconds 

lbs/rt2 

lbs/ft 

radians 

radians 

seconds 

radians 

slugs 
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C OMMON 
TAG DIMENS I ON 

GV CSM 2,15 

GS CSM 2 .15 

GNSSM 2,9 

I TEM 

Vernier-commanded cutoft
po1nt summary data table 

Sustainer-commanded cutoff 
-point s ummary data table 

SYMB OL UNITS 

Re-entry vehicle separation
po1nt summary data table 

The following swit ch settings also are outputs: 

C OMK>N 
TAO 

sw(3) 

sw(4) 

sw(s) 

sw(6) 

sw(7) 

SW(l O) 

SW(ll) 

SW(l2) 

SW(22) 

sw(23) 

SW(2�) 

sw(25) 

2-722 

I TEM 
(switch in� state) 

Booster propellant exhaustion. 
to be monitored; if ¢ F F, stage II 

Special interrupt time or flight 
simulation requested 

Interrupt occurred based on 
altitude criterion 

Interrupt occurred based on 
special time criterion 

Inter11Upt occurred based on 
normal interrupt time criterion 

RS D¢RE to be initialized for 
data recording of new target 

RS D¢RE to end recording of 
offset data for current target 

Stage II fuel or LOX exhaustion 
occurred before vernier cutoff 

FSIMLC to be initialized for 
starting new flight simulation 

-
RA DS IM to be initialized for 
starting new flight simulation 

Guided flight simulation in 
progress 

FSIMLC to interrupt on pro
pellant exhaustion 

�hanged 3 1  October 1962 
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COMMON 
TAG 

SW(26) 

SW(27) 

SW(28) 

SW(29) 

SW(30) 

SW(34) 

sw(36) 

SW(37) 

sw(38) 

SW(39) 

SW(40) 

sw(42) 

sw(50) 

sw(62) 

sw(65) 

sw(66) 

sw(67) 

Changed 31 October 

ITEM 
(switch in � state ) 

FSIMLC to interrupt on time 
ot flight 

FSIMLC to interrupt on 
altitude during ascent 

FSIMLC to interrupt on 
altitude during descent 

FSIMLC to interrupt on 
other end criteria 

FSIMLC to complete previously 
interrupted simulation interval 

WNJJl'RP to use launch area 
meteorological data; if �' 
impact area 

Booster stage simulation in 
progress 

Sustainer stage simulation 
in progress 

Vernier stage simulation in 
progress 

Ballistic stage simulation 
in progress 

Re-entry stage simulation 
in progress 

Radar coast flag set 

Antenna slew rate exceeded con
straint during current flight 

TEST to check only outputs or 
GGDSIM to CL¢¢P; if �. check 
other outputs or GGDSIM 

FXTIM was set for sustainer 
cu torr 

FXTIM was set ror vernier 
cutorr 

Gimbal angle was exce�stve 
at least once during this flight 
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COMMON 
TAG 

sw(68) 

SW(l34) 

SW(l36) 

SW(l51) 

ITEM 
(switch in ¢N state) 

Angle or attack was excessive 
at least once during this flight 

Look angle constraint was 
exceeded 

Missile was in orbit after 
cutoff in TAA flight 

Constraint was exceeded in 
last simulation or this target 

c. Closed Loop Simulation Timing. 

(1) To more fully understand the synchronization be

tween the components of the targeting program, figure 2-6 is 

included in the description of CL¢¢P. This figure illus-

trates the timing during closed loop simulation and the re

lationship in time between the components of the guidance 

system as data is processed. The basic time is the length 

of a guidance computer cycle, 0.390412 second. To simplify 

the timing problem, the integration interval used by the 

flight simulator corresponds to a guidance computer cycle. 

(2) During closed loop simul ation, the relationship 

in time between the components or the guidance system is es

tablished at liftoff. The position, velocity, and attitude 

or the missile at liftoff establish the initial conditions 

for the equation of missile motion. The flight simulator 

integrates the equation or motion to obtain the position or 

the missile 0.292809 second after liftoff. All subsequent 

integration intervals correspond to the length or a guidance 

computer cycle. 

2-724 
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INTEGRATION INTERVAL 

INTERPOLATE POSITION 
DATA 

GUIDANCE SIMULATOR 
OPERATION 

STEERING COMMANDS 

FLIGHT SIMULATOR 
POSITION DATA OUTPU TS 

LIFTOFF 
• r-T=I T=2 

P, 

_j_+-+ ++ 
Pz P.to - 0.107739 t++ + 

p� I p: p� I 
RADAR SIMUL ATOR 

I I I ,...... r--K-=l -�
- c L-E-

1
-r rT 

.... YC-L-�-,--K-=3-c-vc -LE--l 
GUIDANCE SIMULATOR 

�.292809 SEC I_ 0.390412 SEC I I 
,- . 1-- FROM K=I ·I· FROM K=2 � 

I- - --1- - - - - ,-1 -----1-----J 
�'-__________ A..._�--.--�--

Figure 2-6. 

' I T � l 
FLIGHT SIMULATOR 

Closed Loop Simulation Timing 
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quadratic interpolation to be valid 0.107739 second before 

the start or a guidance computer cycle. 

(3) The adjusted missile position data is converted 

to radar coordinates by the radar simulator. The radar data 

is used by the guidance simulator to determine steering 

orders and cutott commands. Since the steering orders com

puted during the kth cycle are not transmitted until the 

k+l8t cycle, their use by the flight simulator is delayed 

tor one cycle. 

d. Program Logic. FD P24. CL�P is the control subpro

gram or closed loop flight simulation. It is used by the 

Ol'C, TOI', TAA, and SIM functions. Linkage between subpro

grams or the A area with CL��P is achieved by setting a dum

my subprogram in the Bl area which contains the same number 

ot transfer vectors as cL¢flp. This dummy subprogram is re

ferred to as dummy CL�;p and is not described in this volume. 

(1) Steps 1-17. IFLAG is set to identification inte

ger 1624. It SWAP is to call c�¢P, DP converts missile 

position from inertial coordinates to radar coordinates. 

Otherwise, the subprogram continues at step 125. Prelimi

nary operations are performed before the first simulation 

interval. These include establishing missi�e parameters, 

setting internal controls, clearing time sequencing devices, 

and initializing switch settings. Ir RSD� is to record 

data from GGDSIM, initializations are performed, �SIM 

computes pitch, yaw, and roll turning rates, s29 is set to 
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the powered flight integration interval, and the subprogram 

continues at step 18. Otherw1ae, GGDSIM performs setup phase 

computations tor the guidance simulator. 

(2} Steps 18-21. PRESET sets up FSIMI.C for start of 

this flight. The length or the current integration interval 

is computed, the simulated radar data is set to the current 

missile position, and RSDstRE stores current trajectory data 

for range safety use. 

(3) Steps 22-24. FSIMLC performs flight simulation 

tor the first simulation interval and the necessary outputs 

are stored for use by the radar simulator. RADSIM performs 

radar simulation for this interval after the times have been 

computed at which the position data was valid. 

(4} Steps 25-29. SINE, C�SINE, and VCD�P are used to 

compute the cosine of the current look angle. Ir AAFLG is 

set �' the subprogram continues at step 30. It the vernier 

cutoff command has been reached, AAFLG is set � and the 

cosine of the current look angle ls stored 1n the vern1er

commanded cutoff point data table. The subprogram contin

ues at step 30. 

(5) Steps 30-38. !FLAG ts set to 1dent1f1cat1on inte

ger 1624. If the current time of flight since liftoff ls 

less than the total time of flight vs earth fixed range and 

launch azimuth extracted from the delta matrix, the subpro

gram continues at step 39. Otherwise, a test ls performed 
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to determine if the magnitude of current total thrust is less 

than 1500 pounds. It so and A is less than 1, TAUT is set 

to the current time or flight plus 5 and A 1s set to 1. It 

not, the subprogram continues at step 39. Ir the current 

time or flight is less than TAtn', the subprogram continues 

at step 39. Otherwise, a test is performed to determine if 

the current look angle is less than five degrees. Ir so, 

SW(l34) is set �to signify that the look angle constraint 

was exceeded and the look angle and time or occurrence are 

stored ror future use. The subprogram continues at step 39. 

(6) Steps 39-45. The current estimates or radar 
• 

antenna slew rate are computed. If AEST • tRs is greater 

than or equal to 6, the current estimates or radar antenna 

slew rate are re-computed. If the estimated value is the 

ma�imum rate ever encountered, it is stored. If the esti

mated value is greater than the constraint, SW(50) is set ¢N. 
The subprogram continues at step 46. 

(7) Steps 46-49. RSD¢RE stores trajectory data for 

RSD. If RSD�RE is to record data from GGDSIM, ¢LQSIM com-

putes pitch, yaw, and roll turning rates and the subprogram 

continues at step 50. Otherwise, GGDSIM performs ground 

guidance simulation and the subprogram continues at step 50. 

(8) Steps 50-56. If P is less than or equal to 5 and 

t 1s less than or equal to s3, the roll steering commands, 

if they exist, for each of the four guidance intervals are 

stored and the subprogram continues at step 57. Otherwise, 
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pitch and yaw steering commands, if they exist, are stored. 

If both pitch and yaw steering commands exist for any of the 

four guidance inter vals, an exit 1s made to ILICMD to print 

a notification or an illegal command. 

(9) Steps 57-72. It P is less than 15, the subprogram 

continues at step 73. If P is greater than 2 1, !FLAG is set 

to identification integer 1624 and a test is performed to 

determine if the next normal interrupt point is vernier cut

off. Ir not, and if counter v is less than S2 9, the time 

from liftoff to vernier cutoff is computed and stored as the 

next normal interrupt point, sw(66) is set ¢N and the sub

program continues at step 7 3. If the next normal interrupt 

point is vernier cutoff, or if counter v is equal to or 

greater than s29, the subprogram continues at step 7 3. If 

14 < P < 22, !FLAG is set to identification integer 1624, 

and a test is performed to determine if the next normal 

interrupt point is sustainer cutoff. It not, and if counter 

v is less than s29, the time from liftoff is computed and 

stored as the next normal interrupt point. A special inter

rupt point after sustainer cutoff is set up when A0 and E0 

are measured, sw{65) and sw(4) are set ¢N, and the subpro

gram continues at step 7 3. If the next normal interrupt 

point is sustainer cutoff, or if counter v is equal to or 

greater than s29, the subprogram continues at step 73. 

(10) Steps 73-79. FSIMLC performs flight simulation. 

If the missile is below the upper limit of the atmosphere 
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and the constraint on the angle or attack has been exceeded, 

sw(68} is set �1. If the largest excessive angle or attack 

previously encountered has been exceeded, the current angle 

or attack, time of flight, and dynamic pressure are stored. 

IPLAG is set to identification integer 16 24. 

( 1 1) S teps 80-94. It an interrupt occurred based on 

an altitude c�iterion, RSD� stores trajectory data at the 

interrupt point tor RSD and the subprogram continues at 

step 95. Otherwise, a test is performed to determine it an 

interrupt occurred based on a special time criterion. Ir so, 

DP computes A0 and E0, SW(4) is set ¢FF, and the subprogram 

continues at step 1 24. It not, and if an interrupt occurred 

based on a normal interrupt time, the subprogram continues 

at step 94. It an interrupt did not occur based on a normal 

interrupt time, a test is made to determine if the sustainer 

burning time margin has been exceeded. Subsequent tests 

determine it stage II LOX or fuel have been exhausted. It 

either has been exhausted, SW(l 2} is set stN and control is 

transferred to step 24. If neither have been exhausted, 

control is transferred directly to step 24. 

( 1 2) Steps 95- 1032 The current stage of flight is 

determined and switches are set to indicate if any change 

occurs. During sustainer, SW(37) is set ¢N and during ver

nier, sw(38) is set ¢N. At vernier cutorr, DP computes the 

elevation angle nearest vernier cutoff. At vernier thrust 

decay, SW( 28} is set ¢N. After appropriate switches have 
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__.,wt ' ' 
been set, PRESET sets up flight simulation tor the next 

intei-val. 

( 13) Steps 104- 109. IFLAG is set to identifi cation 

integer 1624. Ir an interrupt o c curred based on a normal 

interrupt time, and ir the missile is at stage I I  gas gen

erator start, SW(26) is set ¢Fp and both SW(25) and SW(3) 

are set �N. If not at stage I I  gas generator start, these 

swit ch settings are reversed. sw(26) 9/FP indi cates inter

ruption is not to be based on time ot tljght. SW(25) � 

and sw(3) � indi cate interruption is to be based on propel

lant exhaustion, and booster propellant exhaustion is to be 

monitored. 

( 14) Steps 110- 1 14. It the missile is not prior to 

re-entry vehi cle separation, sw(5), sw(6), and sw(7) are set 

¢FF and the dynami c pressure and its time or o c curren ce are 

stored. RANGLE computes the re-entry angle and speed or 

the missile relative to the surfa ce or the rotating earth, 

the re-entry vehi cle separation-point summary data table is 

set up, and the subprogram goes to step 129. Ir the missile 

is prior to re-entry vehi cle separation, the subprogram con

tinues at step 1 15. 

( 15) Steps 1 15- 12 1. It the missile is at booster 

jettison, the booster-jettison point data table is completed, 

the dynami c pressure is stored, and the subprogram continues 

at step 124. Ir the missile is at sustainer thrust de cay, 

the sustainer- cutorr s ummary data table is set up, and the 

Changed �1 October 19�2 
�-M!fftlll 
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subprogram continues at step 122. It the missile is at ver

nier thrust decay, the vernier-comman de d cutoff point data 

table is complete d, the stage II ruel renaining is store d, 

SW(38) is set ¢FF, sw( 39) is set �, and the subprogram con

tinues at step 124. Otherwise, the subprogram goes directly 

to step 124. 

(16) Steps 122- 124. It the minimum burning time is 

125 or more secon ds, SW(l5 1) is set $tN, ILLCMD prints an 

error statement, an d the subprogram continues at step 129. 

Otherwise, sw(5), sw(6), an d SW(7) are set ¢FF, sw( 30) is 

set ;N, an d the subprogram continues at step 73. 

( 17) Steps 125- 129. IPLAG is set to i dentification 

integer 1624. It SWAP is to call ¢L)tfM', open loop flight 

simulation is performe d by �¢¢P, Ctn'IE is steppe d by one, 

an d control is returne d to the user subprogram. 

2-732 
(2-733 through 2-746 
deleted) 
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2-246. SUBPROGRAM C70 (FLYER). FLYER maintains history 

values of position, velocity, mass, time, and their deriva-

tives and selects the appropriate integrator. FLYER also 

monitors maximum dynamic pressure, and integrates and monitors 

the heat factor (F'VA). The FORTRAM II reference statement is 

CALL FLYER. 

a. Inputs. The inputs are register blocks PINT (O,l,2,3) 

and.FDER (O,l,2) containing history values to be updated by 

FLYER. The following registers are also inputs: 

COMMO.N 
TAG 

LAG 

FDLT 

FDYNQ 

FAQMX 

FTFSP 

FVA 

FQVAX 

FNQVA 

FALT 

DALTP 

FMALT 

DIMENSION 

1 
2 

2 

2 

2 

2 

2 

2 

2 

2,2 

2 

ITEM 

Runge-Kutte step number 

Back up integrator interval of 
simulation interval 

Dynamic pressure 

Maximum value of q during flight 
so far 

Current total time of flight since 
liftoff 

Magnitude of current missile veloc
ity relative to local air mass 

Maximum value of q (FVA) product 
so far (during re-entry ) 
Integral of q (FVA) product since 
liftoff 

Altitude history value maint ained 
by integrator 

Two previous altitude changes 
during integration 

Altitude of missile above ellipsoid 

2-747 
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b. Outputs. The outputs consist of updated tables con

taining history values maintained by the integrator and 

computed values as follows: 

COMMON 
TAG 

FAQMX 

FMXQT 

QVA 

FQVAX 

GQVXT 

FNQVA 

ALTPR 

DALTP 

FINT 3 

FINT 2 

FINT l 

FINT 0 

FDER 2 

FDER l 

FDER 0 

DIMENSION 

2 

2 

2 

2 

2 

2 

l 

2,2 

2,4,4 

2,4,4 

2,4,4 

2,4,4 

2,2,4 

2,2,4 

2,2,.4 

ITEM 

Maximum value of dynamic pressure 
q during flight so far 

Time of flight since liftoff to 
occurrence of PAQMX 

Product of q and magnitude of 
current missile velocity relative 
to local air mass (FVA) 

Maximum value or q (FVA) product 
during re-entry 

Time of flight since liftoff to 
occurrence of FQVAX 

Integral of qVA since liftoff 

Altitude of missile at start of 
previous integration 

Previous and second previous al
titude change during integration 

History values maintained by 
integrator 

c. Program Logic - FD C70 
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(1) Steps 1-3� FDLT is examined to determine whether 

back up integrator interval of interrupted simulation inter

val is negative or positive. If positive, control is trans

ferred to step 16. If negative, Runge-Kutta step number LAG 

is set at five and Runge-Kutta integrator is selected to 

integrate for values of position, velocity, mass, and time. 

RIC performs the Runge-Kutta integration. Control is trans

ferred to step 24. 

(2) Steps 4-15. ROUND rounds the double-precision 

missile position value to single prec1s1on,,amic.6tJ'lli h 
S<ttfJpCd %; �iae. The current value of dynamic pressure q is 

compared with the previously recorded value of q. If greater, 

the current value and the corresponding time of flight 

measured from liftoff are stored before computing product of 

current dynamic pressure and current missile velocity magni

tude relative to local air mass q (FVA). If the current 

value of q is not greater than the previously recorded value, 

no new values are stored and the product q (FVA) is computed 

directly. This value of q (FVA) is compared with the previ

ously recorded value. If greater, the current value and the 

corresponding time of flight measured from liftoff are stored 

before computing the integral of q (FVA) with respect to 

time since liftoff. If the current value of q (FVA) is not 

greater than the previously recorded value, no new values 

are stored and the integral of q (FVA) with respect to time 

since liftoff is computed directly. The missile altitude 

-- 2-749 

 
WWW.CHROMEHOOVES.NET 
 
 
 
 
WWW.CHROMEHOOVES.NET 
 
 
 
 
WWW.CHROMEHOOVES.NET 
 



�L 
at the start of the previous integration is placed in ALTPR 

and registers containing previous and second previous alti

tude changes during integration are updated. Control is 

returned to the user subprogram. 

(3) Steps 16-19. If the back up integrator interval 

or the interrupted simulation integral is not zero and if 

the Runge-Kutta step number is other than negative, control 

is transferred to step 19. If' the back up integrator inter

val is not zero and if the Runge-Kutta step number is nega

tive or, if the back up integrator interval is zero, !FLAG 

is set to identification integer 370. The subprogram exits 

to RLLBCK for return t� the previous checkpoint. 

{4} Steps 20-25. If the Runge-Kutta number is zero, 

P'/LY integrates for position, velocity, mass, and time 

before updating history values. If the number is not zero, 

the Runge-Kutta step 1s reduced by one; RK integrates for 

position, velocity, mass� and time; and history values are 

trol 1s transferred to atep 4. 
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Mod 02 

2-247. SUBPR OGRAM P08 (FSIMLC). FSIMLC simul ates the 

flight of a missile during a given time interv al. The 

F ORTRAN II referen ce st atement is CALL FSIMLC. 

a. Inputs. The inputs are as follows: 

C OMM ON 
TAG DIMENSI ON 

F DELT 

FLIX 

FMALT 

FSPPS 

FTFEB 

FTLEB 

FTFSP 

FTFES 

FT LES 

FXTIM 

FlnJP 

FSPEC 

2 

2 

2 

2,1 

2,1 

2 

2,1 

2,1 

2 

2 

2 

Changed 31 O ctober 

ITEM SYMB OL UNITS 

Length of output interv als tLoi 
Number of output interv als 
per integr ation interv al 

Current missile altitude 
above e arth ellipsoid 

-

se conds 

feet 

Current missile position rm feet 
ve ctor 

Expe cted time of booster tBFE se conds 
us able fuel exh austion 
from liftoff 

Expe cted time of booster tBLE se conds 
us able L OX exh austion from 
liftoff 

Current time of flight tr se conds 
sin ce liftoff 

Expe cted time of st age II tPE seconds 
fuel exh austion from 
liftoff 

Expe cted time of st age II tLE se conds 
L OX exh austion from 
liftoff 

Next norm al sequen cing tNSIN se conds 
interrupt time from 

liftoff 

Flight interrupt spe cified h,,ip feet 
by altitude during as cent 

Spe ci al requested inter
rupt point time from 
liftoff 
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C OMM ON 
T AG D IMENSI ON ITEM SYMB OL UN ITS 

FHDN 2 Flight interrupt spec1- hdn feet 
fled by altitude during 
descent 

FXX 80 Outputs interpolation 
table 

L IX 1 Number of output inter-
va ls per integration 
interval 

LEVEL 1 Number of output inter- L0/SIM 
vals per simulation 
interval 

D ALTP 2,2 Previous and second pre- h ,h 
v1ous altitude change 61 62 
during integration 

The following switch settings also are inputs: 

C OMM ON 
T AG 

SW(3) 

SW(4) 

SW( 22) 

SW( 24) 

sw(25) 

SW(26) 

SW(27) 

SW(2 8) 

2-752 

ITEM 
(switch 1n ¢N state) 

Booster propel lant exhaustion is to 
be monitored. If ¢FF, sta�e II pro
pellant exhaustion is to be monitored 

A specia l interrupt time of f light 
simulation is requested in FSPE C 

FSIMLC is to be initialized for 
starting a new flight simulation 

Guided flight simulation (powered 
phase) is in progress 

FSIMLC is directed to interrupt 
on propellant exhaustion 

FSIMLC is directed to 1nt�rrupt 
on time of flight 

FSIMLC is directed to interrupt 
on a ltitude during ascent 

FSIMLC is directed to interrupt 
on a ltitude during descent 

._,.._ 
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C OMM ON 
TAG 

SW(29} 

SW(30) 

ITEM 
(switch in ¢N state } 

FS IMLC is directed to interrupt 
on other end criteria 

FSIMLC is directed to complete 
a previously interrupted simu
lation interval 

b. Outputs. The outputs are as follows: 

C OMM ON 
TAG D IMENS I ON ITEM SYMB OL 

FDLT 2 Length of current inte- tC I 1  gration interval 

FDEL 2 Remaining time to inte- tirem grate up to interrupt 
point 

FALT 2 Missile a ltitude above h' 
e l lipsoid at beginning of MI 
current integration interval -

FSPP 2,3 Interrupt point missile �" 
�os 1t 1on vector m 

FSPP(l-4} 
-

2,3 Missile pos ition vecto1• r 
components at end of four ml-4 
outp�t interva ls 

FSPV(l-4} 2,3 Missile ve locity vector VM l-4 components at end of the 
four output interva ls 

The following switch settings also are outputs: 

C OMMON ITEM 
TAG (switch in ¢N state } 

sw(5} Interrupt based on an a ltitude 
criteria 

sw(6) Interrupt based on a special 
interrupt cri te:-ia 

SW(7} Interrupt based on a normal 
sequence time criteria 

Changed 31 October 

T 

UNITS 

seconds 

secor.ds 

feet 

feet 

feet 

ft /sec 
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JIJ!llllML 

c. Program Logic. FD PC8 

(l) St�ps 1-e. !FLAG ls set to ider.t1f1catlon integer 

1608. INTR¢G interrogates s·.�(30) <;o determine if a previous

ly interrogated simulation interval ls to be con�pleted. If 
¢N, SW(30) is set ¢FF, the length of the curren� inteeration 

interval ls negaten as a control for FLYER. and the subpro

gram continues at step 9. If ¢FF. M.'\TTIT computes missile 

attitude vectors for one �1�ulat1on interval. A� indicator 

is set to LINT to rrark the first interval arid the ler.gth of 

the current !ntegrat1on interval ls computed. 

(2) Steps 9-19. The missile altitude at the beginning 

of the cu�rent integration interval ls set to the current 

altitude. FLYER maintains the table of history values. 

Missile pos!tion is computed and !FLAG ls set to �dentifi

cat1cn integer 1608. INTR,0G interrogates SW(29) to deter

mine if simulation is to be interrupted. If ¢FF, the sub

program continues at step 20. If ¢N. simulation is not to 

be interrupted on other end criteria and SW(29) ls set ¢FF. 

Values of usable booster propellants and expected time of 

exhaust are determined if the missile ls p�1or to re-entry 

vehicle separation. Time remaining to interrupt point is 

set to zero and current flight information ls stored as 

interrupt point data. Control is ret,.irned to the user s�b

program. 

(3) Steps 20-40. If the missile ls prior to re-entry 

vehicle separation. EXAUST computes the values of usable 
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prope l l ants and expe cted time of exh austion; otherwise, 

EXAUST is skipped and work are a GRASE is c le ared for u3e. 

The swit ches whi ch determine the re ason for interrupt point 

are �nterrog ated. If simul ation is to be interrupted at 

propel l ant exh austion (sw(25} :s ¢N}, at time of f light 

SW(26} = ¢N}, at a ltitude during as cent (sw(27} e ¢N}, and/or 

at spe ci al time criteri a (sw(4} = ¢N}, these times are com

puted. If simul ation is not to be interrupted during des cent 

(sw(28} 2 ¢FF}, the subprogr am continues at step 47; other

wise, the subprogr am continues at the next step. 

(4) Steps 41-46. If simu l ation is to be interrupted 

during des cent, but the missi le is not des cending, the sub

progr am continues at step 56. If the missi le is below a lti

tude of des cent interrupt, expression (1) is computed. If 

expression (l} is gre ater th an 10, expressions (2), (3), and 

(4) are computed. If less th an or equ al to 10, the time re

maining to interrupt point b ased on a ltitude des cent is com

puted. 

(5) Steps 47-55. The time remaining to the next inter

rupt point is set to the sma llest of the times previously 

computed. If the minimum time is not neg ative, the subpro

gr am continues at step 56. If neg ative, the length of the 

current integr ation interv a l  is set to this v alu�. S W(7} 

is set ftN if interrupt is due to prope l l ant exh austion or 

time of flight criteri a; sw(6} is set ¢N if interrupt is 

due to spe ci a l  interrupt time; sw(5) is set ¢N if interrupt 

Ch anged 31 O ctober 1962�··,. 
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