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therefore,
L
H
o(t) = 3—] y(t) dt .
0

A similar derivation holds for the other axis; i.e., a transfer
functinn relating 6 and Y can be interchanged so that
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The '"ideal" model (Sectaon III.A), behaves like a perfect gyroscope.
The "dynamic" gyroscope is far more complicated with realistic inertia

and damping terms being considered. A 2-DOF dynamic gyro 1s represented
by two second order differential equations as given in Section III.B.

i, MATHEMATICAL GYRO MODELS

The mathematical formulation of the two gyroscope models is
given in the following paragraphs.

A. Ideal 2~DOF Gimballed Gyroscope
Figure 1 describes the orientation of the seeker gyro
coordinate system (xs, Yoo zs) by using the seeker Euler angles 6 and

then P with respect to the body coordinate system (XB, YB’ ZB). The

gyro coordinate system is chosen so that the origin is at the center
of mass of the gyro and the xs—axis is the axis of symmetry of the

gyro. Also let w' be the absolute angular velocity or rate of the
seeker gyro. Then the general expression for components of angular

momentum H of the gyro is

H = w
b XX X
H =1 o
y yy y
= 1
Hz Izz w, : (L)

Let w be the absolute angular velocity of the Xo» Vg 2o System and s

be the angular velocity or spin rate of the gyro as measured relative
to the Xor Ygs - SYsStem. Then the angular velocity terms (w;, w;, w;)
are
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I INTRODUCTION

A gimballed two-degree-of-freedom (DOF) attitude gyro whose
spin axis is torqued to a point along the line-of-sight (LOS) is a
primary guidance device used in today's missile technology. LOS rate
for proportional navigation guidance (PNG) is derived from this type
of gyro. The guidance law for this scheme is PNG. The missile used
here is tail controlled with proportional vane deflection and roll
rate controlled. When the missile is near enough to the target to be
seen by the guidance device (seeker) which is mounted on the gyroscope,
an LOS error (the difference as measured in both yaw and pitch plane
of where the seeker is presently pointing and where it should be
pointing) is computed. This LOS error torques the gyroscope and
eventually drives the missile body vanes which turn the body into
line with the pointing seeker. Missile targeting accuracy is described
for two types of 2-DOF gimballed gyros (idealized and dynamic) models
when implemented in a 6-DOF digital missile simulation with no changes
in airframe, aero, autopilot, and guidance law.

Il.  PROBLEM DEFINITION

For many studies using digital simulation, it is desirable
to model a gyro which has no second order (inertia) and damping terms
ir the mathematical formulation. This model is one represented by a
perfect integrator, 1/s, in the Laplace notation. The following
paragraphs display the rationale in developing such a model.

The differential equation relating output axis motion to input
torque or rate is

J6 + BB + K6 = H{ .

Laplace transformation with zero initial conditions is applied

0(s) - Hs
¥(s) 142 L ps 4+ x

and it is assumed that J » B and J » K

ot (1)1

¥ (s) J32 J/s
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therefore,
t

8(t) = %] v(t) dt .
0

A similar derivation holds for the other axis; i.e., a transfer
functinn relating 8 and ¢ can be interchanged so that

€
~
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The "ideal" model (Sectzon IITI.A), behaves like a perfect gyroscope.
The "dynamic" gyroscope is far more complicated with realistic inertia
and damping terms being considered. A 2-DOF dynamic gyro is represented
by two second order differential equations as given in Section III.B.

. MATHEMATICAL GYRO MODELS

The mathematical formulation of the two gyroscope models is
given in the following paragraphs.

A. Ideal 2-DOT Gimballed Gyroscope
Figure 1 describes the orientation of the seeker gyro
coordinate system (xs, Yoo zs) by using the seeker Euler angles 6 and

then ¥ with respect to the body coordinate system (XB’ YB’ ZB). The

gyro coordinate system is chosen so that the origin is at the center
of mass of the gyro and the xs—axis is the axis of symmetry of the

gyro. Also let w' be the absolute angular velocity or rate of the
seeker gyro. Then the general expression for components of angular

momentum H of the gyro is

X XX X

: 1 )
y yy vy

HZ =1  w . ey

Let w be the absolute angular velocity of the Xor Yoo Zg system and s

be the angular velocity or spin rate of the gyro as measured relative
to the Xgs Yoo system. Then the angular velocity terms (w;, w;, w;)

are

‘s
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Figure 1.

Seeker gyro coordinate system.
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H =1 w . (3)

The ;eaeral vector equation of motion is M = E. Recalling that the
rate L change of H is

B=@_ +uxi )

where (g)r is the ra.e of change ot the absolute angular momentum as

measured in the seekev gyro basis, i.e.,

.

. _ . R <y
] (ﬁ)r Ixx (wx +0)i 4 (Iyy wy)i + (Izz wz)g_ . (5)

b! From Figuve 1,
w = 8 siny 1 + ) cos@ i pk . (6)

Because of the gyro symmetry and actua. specification values, a
special case is treated here, i.e.,

I=1, = Iyy =1, . (7)

In Figure 1, s is a constant spin rate and s 2>wy and w3 therefore,

H2TIsi=h . (8)

For an ideal gyro, the rotor gimballed terms (by and QZ) are small when
compared to the wyS and wzs terms; also, no &x term is possible due to
the physical system constraints. Therefore, (_}:_l)r can be neglected in

comparison with w x H.

Evaluating w X 4 using the determinant form of the cross ;roduct
glves
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S aind

TR S

i A k
wx h= 8 sin 1 8 cos v . (9
T 0 0
s
Then
M =20
X
M = Ist
y sV
Moo= -Is 0 cos ¥ s (10)

where Is is angular momentum and is considered a constant gain value
in the model.

B. Dynamic (Realistic) 2-DOF Gimballed Gyroscope Model

Figure 2 shows the system in a configuration (with
respect to body fixed reference XI’ YI’ ZI) and orientation of the

gyro system by using the seeker Euler angles % and then 6. The system has
2-DOF (the speed n of the rotor with respect to gimbal G prescribed

as constant). Angle 6 defines the angular position of the inner

gimbal G with respect to the outer gimbal 0. The angle ¢ defines

the angular position of the outer gimbal with respect to the vehicle I.
Using the general vector equation of motion (M) = (H) and rewriting

in matrix expressions gives

(MO} = {HTS}I (11)

{HTS} = {HO} + {HG} + {HR} (12)
but

{Ho} = [IO] {wO_I} (13)

(14)

i

() = [16] (ag )
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Figure 2. Dynamic seeker gyxo coordinate system.

and

(e} = (1) {op ;=[] {wp o} + {ug_

B (15)

but {wR-G} = {$)}. Therefore,
= g 1

Hy = (L) (6} + (1] {ug ;) (16)
but [I,] {6} = {h}. Then

{HR} = {h} + [IR] {wG_I} a7
where

{MO} = moment or torque (column matrix) about outer gimbal

[HTS} = angular momentum of total system (cclumn matrix) in

I  vehicle frame




{nO}

{nG}

angular momentum (column matrix) of outer gimbal

angular momentum (column matrix) of inner gimbal

{h} = angular momentus icorunn matrix) of rotor

{HR} = total angular momentum (column matrix) of rotor

[IO] = inertia tensor ¢f .uter gimbal

[IG] = inertia tensor of {i1uer gimbal

[IR] = inertia tens»r of wo:or

{wO_I} = angular velocity {c>lumu matrix) of outer wrt vehicle
{mG_I} = angular velocityv (coluami matrix) of inner wrt vehicle
{wR_I} = angular velocity (colump matrix) of rotor wrt vehicle

{¢) =

f

Rearranging Equation (12) and taking derivatives of Equations (11)
and (12) gives

) log_g) tiggh = 40 [t + 1) tog_p)

M.} = {H
0 G

TS

* [1g) {ug g} + (1) {“’O'I}L + lug_,]

[{h} + [IR] {mG_I} + [IC] {wG_I} + [IO] {NO—Ii] (18)
where
0 - w
z y
[wG-I ] = wz 0 —wx
- w 0
y X




———

Therefore,

}

{ HT s

n

My, + [1.] {w..}+[L] {o..} +[1.] f{w. )
I G R G G-I R G G-1 G G G G-I

* 1) log. )+ [iolo (gg) + 1Tg] Gog 1)

+

lug_g) (0) + Tug_) ([Tp] + [Tg]) fug_g)

+ log ) (1) (w3 (19)

Collecting terms gives

M} = {HTS}I = {h}y + ([1p) + (1] ){wG_I}G + [1,) {wO_I}O
+ [mG—I] {h} + [wG_I] ([IR] + [IG]) {wG-I} . (20)
Consider that for a constant speed motor
h) | = 21
th}, =0, (21)

and neglecting the second order terms,
log_g) ([1,) + [151) (wg_p)

then,

3 = ([1] + [15]) {hg_y)+ (] (aG_I}O + [ug_g] ). @)

Thus, Equation (22) is the simplified moment equation, but the moment
equation for a complete gyro is Equation (20).

Coordinating the equation to get scalar components in the inner
gimbal frame G, then

{(h} = [T ] {wp o} . (23)

10




Therefore,

’y -

: d
(g = o (1) G o))

-

(

S lig) o )+ () G g) - @0

G G

Then

{h}

il

o=l B . (25)

(E}G would be zero if spin rotor rotated at a constant speed as with

a hysterisis motor. In some application, '"h-modulation" may be
de<irable, so retain the term {h}G, i.e., {h}G #0

Using the matrix properties of the inertia tensor to find an
orientation of a given rigid body so that all products of inertia are
zero simultaneously, i.e., the inertia matrix is diagonal. Substituting
A, B, C for Ixx’ I, I _, respectively, then Equation (25) becomes

. Yy z2
é' fAR 0 0 0 0
! ’ = T s = =
{h}c— [1lg {¢}G l_o Bp 0 o 0" (26)
0 0 Cpd Lo CR¢
AR + AG 0 0
<[IR] + [LG] >= 0 By + By 0 . (27)
G G
0 0 CR + CG
Knowing
{o, .} ={w, .} +7 . {w. .} 5 (28)
By G-1 G G-0 G 0G 0-1 0
then
0 i
X fw, 3 =|o|; {w. .} =|o (29)
: G-0 G 0-1 0
}
0
? 0
‘R and
7
;!
&
% 11
i




co 0 -s0
T =
0G 0 1 0 (30)
: s6 0 ch

where c6 = cos 8, s6 = sin 6. Therefore,

0 ch 0 -s0 @ @ce
0

{wG_I}G= ol+]o0 1 0 =| @ . (31)
0 s6 0 co8do Pso
Thus
9co - s6 6
_ {wG_I} = ) (32)
X G |- . .
Ysd + P cO ©
and .
AO ]
[IO] {wo_I} = {Ho} = [IO] {wO_I} = 0 . (33)
0 I 0
0
Therefore, the derivative of HO in T frame coordinatized in the ¢ frame
is
By =17 {§)
0 G 0G "I0 0 I
t o y i - .
co -s6 1 0 0 0 v AO Y co
*‘" =0 1 0 0 =-sy cp 0 |= 0 (34)
¢
s6 0 sodlo ey syl 0 Ay ¥ S0
and .
6h
[wG_I]G {h}G =]~h { cb (35)
0

12




b
4
where
‘ 0 ~§s0
: [wG_I] =|¢ys®6 O -ycd
G . .
-0 Pco 0
and .
(C' - B'") oyso
+2
= t _ ot
log_q]  [Tp) + [TG] {og_;} (A C') Vv cOsh (36)
(B' - A') 6jco
whera2
r -
Al = AR + AG
k‘ ' B' = B, + B
1
i " -
c' = CR + CG
MOXG
{MO} = MOYG (37)
G
MOZG
Collect all terms in Equations (26) through (37) to get matrix
formulation:
, wo .
}g MOXG 0 A 0 0 Pcd Ysb6 Aolbc()
4 :
! _ , .
i MOYG = 0 0 B' 0 ] + 0 0
§
g . e o .
f; MOZG CR ¢ 0 0 C YsO + 0cEo AOIPSB
s oh (C' - B') 6yso
. + —h¢c0 + 1 -CY) ¢2c630 (38)
0 (B' = A") OycOd

13




: Add all matrices as indicated and break out individual components
as follows to get complete nonlinear equations with no restraints on

motor:
Moxc = (AR + AG + AO) Peh
+ (-AR - AG - BR - BG + CR + CG) 8yYs0 + ho

o .2 .
= (BR + BG) e + (AR + AG - CR - CG) Y clsf ~ hychd

Move =
MOZG = CR ¢ + (CR + CG + BR + BG - AR - AG) 6yco
+ (CR + cG + AO) Ps0 (39)

1
- where

MOXG = Mw cYy - Y

I'LOYG = Me c8 -~ bho

Mo,g = 0 (40)

and

r@ 4 gimbal bearing friction between the outer gimbal and base

bo

ne-

bearing friction between outer and inner gimbal .

For a general linear solution of Equation (39), linearize about an
equilibrium position by letting:

0 =0+ &6
=6+ &0
=19+ &)

@ + 6& ’ etc.

14
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Substitute into the nonlinear Equation (39); i.e., about 6 =0
for small & about equilibrium, e.g.,

[}
-

c0cd0 - s0s86

cO

c(8 + §9)

) . (41)

50 s0cd0 + cbs80

s(0 + 89)

Using the first of Equation (39) and substituting the preceding gives

Mogq (Linearized) = AD + A'6YS88 + ho (42)
where

A= Ap + A+ AO

B=-A_~-A,-B -B,+C, +¢C

R G R G R G

Mogg + Moge = AV + ASH + B(O + 60) (P + &Y)SY + ho -+ h8e . (43)

O0XG G

Subtracting Equation (42) from Equation (43) gives

§M .. = ASY + BOSYSO + BSOYSO + BSOSYSO + hsb . (4h)

0XG

All small second terms can be removed in Equation (45), therefore,

SMOXG = A8y + héo . (45)

A similar method can be applied to the M equation in Equation (39)

. 0YG
to give

SM .. = B&8 ~ hoy , (46)

0YG

droppling the 81 terms for small angle approximation to get

15




1 ' ra
b i A Ao ST, . St =

Moxe

Ai + ho

MOYG

B6 - hy . (47)

Substituting values from Equation (40) for MOXG and MOYG

angle approximation into Equation (47) to get

with small

M

AD + Ty + ho "

BO + b6 - hi My } (48)

IV.  SYSTEM SIMULATION

The guidance and control system block diagram pitch/yaw
channels for the 6-DOF digital simulation is presented in Figure 3.
Figure 3 shows how the signal generated by the seeker is used to drive
the vanes. The seeker signal is routed to the gyroscope and damping
network before going to the guidance filter. It also goes directly
to the guidance filter. The output from the guidance filter is then
sent to the actuator which in turn drives the vanes. The only change

between evaluation of the two types of gyro models would be in the
torque gain terms and the block marked "Gyro Model" as shown in

Figure 3. The 6-DOF computer program listings are given in Appendices
A and C. A Continuous System Simulation Language (CSSL) program is
given in Appendix B. The CSSL program was utilized to analyze only
the motion of the dynamic gyro prior to implementation in the 6-DOF
simulation.

In this section, the CSSL program results are given for the
dynamic gyro model. The 6-DOF digital missile trajectory results
are given for both the idealized and the dynamic gyro models. In
addition, comparison analyses of the two trajectory simulation
results are made.

A. 6-DOF Digital Simulation with Ideal 2-DOF
Gimballed Gyro Model

A detailed block diagram of the ideal gyro model is
shown in Figure 4; of the dynamic gyro model in Figure 5. The gyro
system equations of motion are presented for pitch/yaw channels as
follows:

16
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MISSILE BODY RATES
Q, R TRANSFORMED

A | Jo———
skt OE o Tﬂl/ MAX T\!/ |
DETECTOR I s

Ve ___/I To- Ty T.‘L,L/ i i

AUTOPILOT(A/P)
INPUTS

Figure 4. 1Ideal gyro model.

TRANSFORMED
)‘4’5 BODY RATES (Q)

. . 0

SKr ] Ty MAX / I ERKE LN B
DET G[ 7 s *
KT b

TRANSFORMED
—— ] BODY RATES (R)

A"e A/P h l
skr )| TwMAX/_—;_‘;,_'LC\ 1_1_&3,_1_|w, ER A

K N s
DET G - | A
J + IN
B!ﬂ L
AN e h

A/P

Figure 5. Gyro model in the 6-DOF simulation.

=é +
Tw s cos ws QSA

To = \bs + RSA (49)

where QSA and RSA are transformed of missile body rates, Q, R;
respectively, and escos wsand wsare MZ and My’ respectively, as taken

from Equation (9). Table 1 gives the units, symbols, and names of
the missile parameters used for all plots with respect to the time
presented in this report. The 6~DOF digital trajectory simulation
program and tabulated results are presented in Appendix A. Plots of

18
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the nissile parameters are given in Figures 6 through 55. Figures 6
through 14 represent the results of the missile (translational and
angular velocities) and body Euler angles. Tigures 15 through 20 show
the missile position and missile to target displacements. Figures 21
through 35 represent the autopilot and actuator parameters during
flight. Tigures 36 through 39 show the seekexr input-output values in
flight. Gyro parameters are given in Figures 40 through 55. Results
indicated that when an ideal gyro is utilized, the missile to target
RSS accuracy is 0.215 ft at impact for a 4-km (13,120-ft) target in
14.922 sec. X, Y, Z missile error components at impact are 0, -0.0183,
and -0.2, respectively. The signs on the error components mean the
missile hit to the left and above the target.

B. Dynamic (Realistic) 2-DOF Gimballed Gyro

In order to obtain a more realistic assessment of a
2~-DOF gimballed gyro performance, efforts were made to model the
dynamics of the gyro more ac.urately. The equations of this model are

given in Section IIL,B,

When consid~ring Equation (48) for the 6-DOF digital simulation,
the signs on thc precession rates (h0, hy) will change because of dif-
ferent coordinate systems, i.e., a positive T¢ will give a negative ho

precession rate and positive '1‘6 will give a positive hy precession rate.

Thus,
A;[:+r\'p-hé=’1‘w
B'é+bé+hfh='re

where

A and B = moments of inertia

r, b = gimbal bearing friction

h = aagular momentum

Tb’ Te = moments or torques

The praceding typical parameter values of this gyro, which has to

eahibic a 10~deg/sec tracking rate and 160-Hz nutation frequency, is
given in Table 2.

19




b
; TABLE 1. PROGRAM VARIABLES AND DEFINITIONS
' Time Time of missile trajectory (sec)
U Missile velocity in body coordinate system (BCS)
(X~comp) (ft/sec)
\Y Missile velocity in BCS (Y~comp) (ft/sec)
W Missile velocity in BCS (Z-comp) (ft/sec)
P Angular velocity of missile (about X-axis, roll rate)
(rad/sec)
Q Angular velocity of missile (about Y-axis, pitch rate)
(rad/sec)
R Angular velocity of missile (about Z-axis, yaw rate)
(rad/sec)
. PHI ) Euler angle transforming earth coordinate system (ECS)
b to BCS (rad)
t THTA ] Euler angle transforming ECS to BCS (rad)
PST ] Euler angle transforming ECS to BCS (rad)
X Position of missile in ECS (X~component) (ft)
Y Position of missile in ECS (Y-component) (ft)
Z Position of missile in ECS (Z~component) (ft)
DELXS Missile to target displacement in seeker coordinate
system (SCS) (X-direction) (ft)
DELYS Missile to target displacement in 5C8§ (Y-direction) (ft)
DELZS Missile to target displacement in SCS (Z-direction) (ft)
THRBS Output of the differentiator (rate damping) of pitch
autopilot (A/P) (rad)
PSRBS Output of the differentiator (rate damping) of yaw
A/P (rad)
THBS Output of the dead band zone limiter pitch A/P (rad)
, PSBS Output of the dead band zone limiter pitch A/P (rad)
i PED Input to guidance filter (pitch plane) (rad/sec)
YED Input to guidance filter (yaw plane) (rad/sec)
PEF Output of guidance filter (pitch plane) (rad/sec)
YEF Output of guidance filter (yaw plane) (rad/sec)

20
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TABLE 1. (CONCLUDED)

PEG
YEG
PHIG
REG
DELVP
DEL1
DEL3

PITERR
PITERO
YAWERR
YAVERO

DTHTAS

THTAS

DPSIS

PSIS

OMEGZ
OMEGY
QSA

RSA

DTHASD
THASD
DPS1SD

PS1SD

Output of pitch A/P (rad)

Output of yaw A/P (rad)

Input to shaping filter of roll A/P

OQutput of roll A/P (rad)

Equivalent vane deflection (pitch plane) (rad)
Deflection of Vane 1 (rad)

Deflection of Vane 3 (rad)

Seeker input - LOS error in pitch plane (rad)
Seeker output - LOS error in pitch plane (rad)
Seeker input -~ LOS error in yaw plane (rad)

Seeker output - LOS error (rad)

Time derivative of THTAS (rad/sec)

THETA angle of gyro seeker (rad) - pitch angle
between the body and seeker axis

Time derivative of PSIS (rad/sec)
PSI angle of gyro seeker (rad) - yaw angle between

the body and seeker axis

Gyro torque input from seeker (rad/sec)
Gyro torque input from seeker (rad/sec)

Transformation of P, Q, R into the SCS for gyro
(pitch plane)

Transformation of ¥, Q, R into the SCS for gyro
(yaw plane)

Time derivative of THASD [(rad/sec)/sec]

State variable - time derivatlve of THATS (rad/sec)
Time derivative of PSISD [(rad/sec)/sec]

State variable time derivation of PSIS (rad/sec)
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1. CSSL Program

The gyro model with parameters (Table 2) was
incorporated into the CSSL simulation. The results, presented in
Figure 56 with use of the typical CSSL program listing given in
Appendix B, indicated the gyro behaved as expected with step inputs,
that is, it exhibited the 10-~deg/sec tracking rate and the 160-Hz
nutation frequency. At this point, the gyro model was incorporated
into the 6-DOF digital missile trajectory simulation. Section IV.B.2
gives the results of implementing the dynamic gyro model in the
6~DOF simulation.

2. 6-DOF Digital Simulation with Dynamic
2-DOF Gimballed Gyro Model

The idealized gyro model was replaced by the dynamic
gyro model and successfully implemented in the 6-DOF simulation. A
detailed block diagram of the dynamic gyro model is described in
Figure 5 and the second order differential equations of motions for
the gyro are shown for the pitch/yaw channels.

]
-3

A@s + r@s - hés

1}
=3

B6 4+ b8 _ + hy
S S S

The 6-DOF digital trajectory simulation program and tabulated results
are shown in Appendix B. Again plots of the missile parameters are
presented in Figures 57 through 120. Figures 57 through 65 give the
results of the missile translational and angular velocities and body
Euler angles in flight. Plots of the missile position and target
displacements are shown in Figures 66 through 73. TFigures 74 through
88 give autopilots and actuator parameters plots. Plots of seeker
input-output values are shown in Figures 89 through 92. Gyro
parameters are given in Fizures 93 through 120. The missile to
target RSS accuracy is 1.68 ft at impact for the 4-km target in
14.936 sec. X, Y, Z missile error components at impact are 2.00,
-0.154, and 0.1, vespectively. The signs on the error components
mean the missile hit in front, to the left, and above the target.
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C. Comparative Analyses

When considering the dynamic gyro model without the
damping terms (ry, b6), the gyro equations of motion become

BG + hy = T,
~ho + Ap = T, (50)
The Laplace transform is used for the equation of motion:
2 + % s 0 TOI(SS) +s8¢07) + 60" + By )
B
-Rs e d?ly T—"’;)— - B oy +sw@h +v@H| . 6D

Therefore, the characteristic equation is given from the left-hand
side of the preceding equation by

2
2{ 2 , h
s (S + Kﬁ) =0 (52)

the roots of which are s = 0, 0 and s = *jh YAB. The zero roots give
"constant' motion. The imaginary roots give am oscillation at frequency
= h/YAB. To obtain a magnitude of w, the gimbals are massless and B,
A are diametral moments of inertia of the rotor. They are equal to
one-half its polar moment of inertia, B= A =1 . Since h=TIn
/2 T
where n = rotor speed, then

/17
L
4

Therefore, the oscillation frequency is twice the spin speed. However,
because real gimbals are not massless, the real gyro has an oscillation
frequency somewhat less than 2n as is true in the dynamic gyro model.
From the preceding characteristic equation, the oscillatory motion is
undamped. Therefore, the rate-dependent terms (ho, hw) act only as

the gyroscopic coupling terms and do not produce energy d1531pat10n

for damping. Therefore, all damping occurs from the r{ and bf terms.

= 2n . (53)
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Figures 93 through 100 and Figures 105 through 112 demonstrate the
oscillatory f{requency with damping and precession of the dynamic gyro.
Figures 96 and 108 exhibit the 160-Hz nutation frequency of the gyro
and 10-deg/sec tracking rate. The ideal gyro model reflects only the
1/s characteristics as seen in Figures 40 through 49.

The velocity and rotational components (V, W, Q, and R) of a
missile in flight with the dynamic gyro model (given in Figures 58,
59, 61, and 62) show a definite increase ard oscillatory effect with
damping in the velocity components as compared to the ideal gyro.

The body Euler angles © and § reflect this motion. The autopilot
parameters also show the influence of the dynamic gyro response.
Actuator output to the vanes (DELVP, DELLl, and DEL3) also reflect the
differences between the ideal and dynamic gyro models.

Impact accuracy of the missile to target when utilizing an ideal
gyro model or a dynamic gyro model in a 6-DOF digital simulation is

shown in Table 3.

TABLE 3. IMPACT ACCURACY

RSS
Miss
Time X Y Error Z Distance
Ideal Gyro 14,922 13120 -0,01832 -4000.2 0.2146
Dynamic Gyro 14.936 13118 -0.15455 -4000.1 1.6799

NOTES: X indica%tes range of target at 13,120 (4 km).
Y indicates crossrange error (minus left of target).
Z indicates vertical error (launched at -4000 ft above
sea level.

As can be seen in Table 3, the dynamic model will produce a better
assessment of the missile accuracy at impact because a more realistic
gyro model is used in the simulation.

The primary 6-DOF programming difference between the ideal and
dynamic gyro models as seen in Appendices A and C, respectively, is in
the subroutine EDSKRGYRO. This subroutine reflects the change in gyro

models.
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V. CONCLUSION

This report has demonstrated that a dynamic gyro model, when
utilized in a 6-DOF digital missile trajectory simulation, will give
a more realistic assessment of a seeker gyro than an ideal gyro model.
Most 6-DOF digital simulations in the past have used primarily the
2-DOF ideal gyro model. No efforts were made to change the autopilot
or seeker characteristic in this study to accommodate the dynamic
model. Reasonable results were obtained without change. However,
considerations should be given to the use of the 2-DOF dynamic model
based on results of this report. More accurate autopilot design and
seeker interface design would probably result in the use of the dynamic
gyro model for digital simulations.
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Appendix A.

6-DOF DIGITAL MISSILE TRAJECTORY SIMULATION
¥ WITH AN IDEAL GYROSCOPE MODEL
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137 X 063 2068% »07%3 14773 14768 107 ’ 5
1t 4.1 X w7y T 8% Y90 T iy 1032 IALS ’ i
199 CATA YCA2 Z 0300031800325 .32, 6347 ,54628,0535,4008,
{30 ” X o85570039;0885,0419,0628,,60,1565/7
134 CATA YALP 709,8454005150,204,2¢,/
132 CAYA TALPS Z00s800600B0010¢5820018¢2164218422Cr/
133 CAYA TOELTY /o200 selBe,2100s98¢40408¢s100/
13% UATETHACKY ALY .2 )7 Sl
138 CATA TRACKZ Zo8,0843¢0a103000m7
136 CATA TMACKS Zo8,08,100,863010R7
137 CATA TMACK] /9850630801000 1e258 0021062108/
138 CATA TMACKS 7 0850856659700 8008%)095095)100210171072
139 X 1492181482800/
14T CRYA-TCLP AL AR R el IFRrd T A out s uas anl A ani
18 CAYA TCLD /008%,0087,009020C97,¢n086+4C7354061,0u09,
182 TOTTTTTT T CATA TCMQ
143 X 0188090168,,086002¢1254,0100¢se10100210%40,010842°10%0,%107¢s
188 X o180 )vi884991900;01080,013%4)010845278,,27%,075ss7%0,
ta8 X «lb00soR08,2P18¢)02200,%2304)2800729284801022742=1800,°1074s
S ] S S P @A 2P A Sl I AN LI YA LA AS A AN IS I ANARE I SRR RNA LR Sk ad i Al ¥ Ak A
147 X «t3Ceso1980,016200015560,¢15000081834021380s21200s21050,9870/
188 ABALY v ABS(ALPHA)SDTY 298
(YY) ABBEY w ABS(BETA )e57,296
180 - - — tFrTielTeTR) 00 TO R
15¢ CELP o DELPIYeST7,296
T8Y CeCY v oL Yiwes7528s
183 TP (ALMEAILT400) CELPsaDELP
[3-1] - IP(RETAWLTs0.) OFLYWCDELY
168 1 o ISAVEL(Y)
156 ° v ¥ TBAYELD)
189 K & ISAVE(3)
S%-1.1 TR INC I T AU TS T ABAL P
189 CALL FIND(J,TOELTYY,7,00LP)
160 -~ - “= CALL FINDEX, TRACHY ; 3,FHACH)
161 IFL1 oNEs I5AVELL)) Ga Y8 30
t82 e - IRty ceNEw 1BAVER(RYY Ga 10 60
161 .l.'“.(-.:‘s. 18AVE(3)) de 19 0
18 L 4 EuRR-aN -1 -
168 50 I8AVE(L) &
168 14 IBAVELE) @
147 70 CanyINUE
168 - - CALL NYERP (ACN,TENI 1 TALP) 4, s TOEL T 7, %, 7MACKY )
169 CALL NTERP (ACMCO,TCMCGY)
170 XL —NIERB—ACAP I 1A LY s
171 80 1 & ISAVE(S)
172 - - W ¢ 1BAVE(S)
173 CALL FIND(1,TALP,¢,ABBET)
178 Call FINOD(Y, YOELTL,7,00LY)
175 1541 oNE: 1CAVE(a)) Ga 18 i8C
(mas-mes 1 ad -
177 IF (K oNZe 1BAVE(I)) gs T 170
178 68 0 18C
179 15¢ 18AVE(S) » 1
180 160 {RAVE(SY o )
18¢ 170 CON?INUE
TRt M ERP - AT ST NI T I AL R 475 TOEU T T T Ay - -
183 CALL NTERP (ACLNCO,TCHMCGY)
188 CALL NTERP (008, TCALY
188 180 [F{X +ECe 18AVE(I)) Ga 18 19~
1886 ¢

e
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187 g ScY [ § J FOR ALPRA w OFLYA a ~4C IN TP rrpy 1

188 -

189 [ » 1

B S L] L) T e

191 CALL NTYERP (ACAR, TCA, 1aTALP,64.. 0 TOFLYY, 7,1, Y 800 L)
is? ACAB(2) 8 ACABI(S)

193 ISAVE(3) w» X

{9 190 CANTINUE

198 CN 8 FUNCTIAN(ACN,AGALP,,GELP,FPACL)Y
) TORCETT T T EFFUNTYTIN(ACICGY T T

199 CaP s FUNCTIAN(ACAP)

198 Cy # FUNCTIBN[ACY,ARBETSDELY F¥ACK)
199 CLNCG ¢ FUNCTIBAN(ACLMCG)

200 CAB s FUNCYIBN(ACAB)

2014 EAG 8 FUNCTION(ACAS,FPACH)

207 Cx— i CAP e AR = XY -
203 Gg 10 3

204 o

208 2 1 v I1SAVEL(4)

206 W ¥ I1SAVE(7Y)

207 K s ISAVE(SB)

208 CALC FIND L, YACP &7 ABALR Y —— "7
209 CALL FINDUJ,TMACH245,FMACH)

246 CALL FINDIK,TALP,&sABBET)

211 IFlJ '8 [SAVE(7)) Ga T8 25¢C
242 IP(1 +EGe ISAVE(6}) Ga T®& 28¢
213 250 ISAVE(8) & 1

Al T RN T ERP R CR S TN T TRUPT B U THRCHE2 Y
21% CALL NTYERR {ACMCG,TCMCG2)

214 260 IFtJ oNEs ISAVE(7)) Ga T8 270
217 [F(K «EQe !SAVE(8)) Ga Y8 280
218 270 ISAVE(T7) %

219 ISAVE(8) = X
aen CECU RTERPTACY TUNZG KT TALP 85 U YRR Y
221 CaLL NTERP (ACLNCG, TCMCG2)

222 T PR0 1 ow 18AVE(3Y

22% CALL FIND( T, THMACHS, 18,FMACH)

224 IFtY +EGQe ISAVE(9)) 88 T® 290
22% ISAVE(9) w1
g GA L NTERP—ACAP T YCA2 T T TP AR —
227 290 CANTINUE

28 S 4 & PUNCTIONCACN,  ABALP FMalh)

229 (o8 J o} s FUNCYIAN(ACMCG)

230 Cy % FUNCTIONCACY, ARBET)FMACK)

23 CLNCG o FUNCYIBN(ACLNCS)

73?2 Cx— T FUNCT T tACAR R MAC My
232 o

238 3 I v ISAVE(10)

239 CALL FIND(1,TMACHI, 8, FMACK)

738 IFtl +€Gy ISAVE(10)) Ga 78 380
237 ISAVE(10) # 1
A LT RTERP—ACL P TP T TR ORI S
239 CALL NTERP {(ACLD,TCLD)

250 K {1+ I & !SAVE(11}

FTY ¥ * ISAVE(12)

282 - K s I1SAVE(13)

243 GALL FIND(1,TMACNASS,FMACKH)

L1 CxCtFIND O TAL PR 1OTABAL ™) .
248 CALL FINDIX, TALP4,10.ABBET)

ri1v% IFCL oNEo IBAVE(11)) . 88 T4 386C
267 IF(J +ERs ISAVE(312)) Ga T8 370
" 360 TsAvE(32) = J
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249 CALL NTERP (ACMG, TCMRayeTA . PU, 1021 T7ACL )

280 37C IF{1 oNEs ISBAVE(11)) G T8 38R0

251 [FIK +EQs ISAVE(13)) Ga T 397

bad-¥-4 33T ISAVE(TIT %1 T T T o T o

293 ISAVE(13) @ K

25% CALL NTERP (ACLNR,TCMQ,K,TaLPh,4Q,1, TMACKS)

285 390 CONYINUE

256 CLP s FUNCTISN(ACLP,FMACH)

-9 CLD s FUNCTYIBN(ACLD)

58 CrFe ¥ FUKCYTANTACMRZABALP, FMATHY - - -

£R9 CLNR ¢ FUNCYION(ACLNR, ARBETFMACH)

260 IPLALPHA oLTe 0,0) CN ® oCNj eMCRueCMCE
2614 [F(BETA +LTs 0s0) CYseY) CLNCG=-CLNCG
262 C¥ACeCo

243 CLNADROo

TER RETURNK —
264% ENE
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1 SUARALTINE TRSFRyY
2 € %se Th1IS SUBROUTINE PERFBRMG THF BCR T& VCS  =ANGFIMATION
3 c
R T T T B MR T IR GAM P GAMY S OF X TR DELY TR MELTZ YR
8 COMMBN/BRTV/DELXV,DELYV,NELZV
§ BV{2eSIN(CAMY)
? BY22sCOS(GAMY)
g BV31eSIN{GAMP)
® BV33sCBS(GAMP)
10 BYTT¥BV22%BV33 e - R ~
11 BVi3eeBV224RAV3Y
12 BV2ieeBV1248v33
18 BV23eBvi2eBV3y
14 BV32sCe
18 CELXVeBVI{*DELXTP+BV{2#DEL YTR4BV13eCFL2TR
8 CECYVYBV2ZIOELXTEFRV2ZwDELYTRSBVRIsOFZTR—— -~~~
17 DELZVeBVI{*OELXTB4BVI2&TELYTRABV33eDFLLTR
18 RETURN
19 END
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SVRRJUTINE LBSERR
Cese THIS SUBROUYINE TRANGPBRMS “IS5GLFE T8 TARAET AISPLACEMENTS
Cesa FRAM ECS YO BCS, FRAM BCS Yo SCS AND £AMPTPe LAS ERRAR [N 5CS

DU S W N

T i e em m

COMMAN/BTS/BS11,8512,8513,8B521,8522,R%23,n931,8<32,8533
COvrPaN/ETB/EB11,ER|2,EB13,ER2{,EB22,F%23,FP31,E732,E833
COMMON/ INPEKR/PITERR, YALERR

CovMaN/0EL/DELX,DELY,DELZ

COMMBA/STUFF/ DELX6,DELYS,DEL2S

[UUSOR |
& WO
[ 3

CORMBER7ESTUFFY70ECXB OECYS, OF LB -
DELXBUEBL®DELX4EB{2#DELYSER13e0FLE
CELYBUEB21*OELXSEHZ24DELYSERDINOELL
CELZBIEBIL®DELX+ERI2#DELYSER3I0FLY
DELXSsBSI1*DELXB+BS124DELYB4BS1340EL T
CELYSeBSRI®DELXR4RS22eDELYB4BS23e0FL 2P

. e gl
G 08 ) O~ N

VELLSTVEOITYIECXBIDSIZRUELYOIESIISUELTIE
PITERRWATAN2 («CELZSsDELXS)

YAWERREATANR (DELYS, SCRT (DELYSSDELXS*CEL2SDEI 2S})
RETURN

END

e
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[ SUBRBLUTINE “CALC

2 Cese ThIS SUBRBUYINE CALCULATES YHE MACK AUMRFRQ

3 C

1Y CTFERSTON RUPTETY -
5 REAL MACM

[} COMMON/ETR/ER11,ER12,EB13,EM21,ER22,F923,FR31,E832,E813
b/ CGFFONIFACL/"ACV' VEND,UR» VR, WR, VRS, Viw,y Vu

8 COFMAN/INTEG/ Y, JaGSa U, VaW, RUM

q COMMFAN/F/WXS,)wYS, W28

SERTIWTS - ’ T

14 VYhaEBZ218WXSeER22aWYS

12 wheEBILeWXSeEEI2LWYS

13 LRsUalUw

14 VReVeVW

15 WRshahi

bY) VREFURSURIVYRIVRIURFWR

17 VRWESGRT (VRS)

18 MACHs VRW/VSND

19 RETURN
2C END
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SLERALTINE FraMay

]
? Cos SLBRALT INE FERFAN CALCULATEC FACSCEG ANC vawryy§ FeR THE DFELC © 29T ez
k] c
T CeUBLE PRECTSTOXN TTME, TIM’ES -
b} REAL MACH
[ CIVENSION HALN(5), N NT(§17) WM (4D)
b} COM*AN/TOCER/AXB,AYR, A0, CLA,CNB, A LN, AMD, 4\, MO
[ CovMAN/COEP /CAZ,CY,CN,CLP,CVCG,CYCGICLO NG, CANR AL PHA,BETA, LMD,
q 1CLAAR
Sl TTTTT T LW Xy AL/ RCHT ARG U VR WIS VRS VeI YR - - — I
11 Cavmean/CO/0EL VY, PELVR,CFLA, "ELROL
12 COW AN/ JUAK /T IME, TIMES)OM®,C,D,8CUK, ) AP, 10AP,IADTYVY ,RAPTMI, IACT,
13 SSLAPEL, BT APT»], GLAPER,)RT2,CTT,CPT,SPT, XL TA,STT,CAPS,CAPSY,
14 2CABSCY, T™
1® COMMANZIRTER/ )0, B4, P,GC, R, Lan],DFLY, CFLVE,NPLY, s In]
T T T e R PR C L F T LN R RN PR AXB TP I YR IT TR 2R PR B F PR Frrp————  —
17 ALPRASATANR (MR, R)
18 SCLYeSCRT (UQslRenwRests)
19 BETAWATARN2(VR,)SCLW)
20 CAD9 JeRNIOVYRS
21 GADSeGAPSS
r&d LEPOSLUYLATI TSR T e e e T T e
23 IF(VE%sECQs)C0 YA 10
2 GAPSCYwCAPENED/(2,0VAW)
2= ge v~ 122
26 121 GAPSCHuCe
27 122 CONTINGE
—Fr Ctrvyvttetintet T 2w e _—
29 CELVRe(DELL1+CELI)Y /2,
k1 TP LTACTOEGI2INELVY e (DELYONELL )08
A 3 IF{TIYE«CE+TI“E3)TFLROLOCELVR
v 3?7 CELReCELROLOR7,29%779%
33 CALL AERG(TIFE,TIMEILMACH, ALPHA,BETA,CELYP,SFLVY,CEL RICN,CMCG,CY,
3T 7o TCYCOTCRZTCUPCLCT O 27 Cr RO CiR CLRA DY - —
L L] CLBOCAPSDeCLCeCELRFFCLR
38 CHMR o CAPSOMeCHCeReFFCHA
1” CAN8 o GAPSCMeCAReReFFCAR
32 AXB w wCAPSWCALZSFRAXE
39 AYB » =CAFSeCYeFFAYS
L 31 XTI APt o P P ID i
M ALBeCAPSOMOCLPePeFFALB
42 AFR s GAPICeC“COeFFAMD
() ANBOeGCAPSCOCYCGRFFANE
As IF(IQAPCEGrOeARITIFELLYRAPTYHIIGH T4 $2%
% IF(TIPEZLEeRAPTMD ) THSSLAPFIoTINESRT]
TR T e e P R G AP T AP AN DT H P L F T RAP TR T A ASP g e R NE B RR -
(%) IF(TIME+QTeQAPTH»3) T
(1.4 1F(TIFEVGTeQAPTI=)IRAPRD
9 123 AXBOAXBeTHOCTTaCPY
(1] AYROAYBeTHOCTTagPY
L3 AlReAlBeTHESTTY
TR T e A KR A N B Fe S G P oy R P - - -
53 ANBOANBeTHACTTOSPTaX TA
L1 RETURM
Lo (23
b B
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k .f;“
e e T

SLARALYINE DIFER

CeweqLBRAUTINE CIFEG CRNSTRUCTS THE ECLATIONS 95 war[pn,

COLBLE PRECISION YIME

T — —— s e

CIFERSTONTUNG 27V W2 - T o
REAL PASS,IX,1Y2
cerrak/ewefssz1;5912.E813‘Eﬂex,Eaaz;rnza.raaq.5?1245833
Cavrﬂk/TODEQ/AXE.AYS.AZF:CL“;CNE;ALF,AHP.ANP.C“?
CUF"SN/INTEG/inJ:GC)U:VI“oPaCoR:DGGlDU:?V.DN:CPaCfJDno
lcPhI:OTHTAoOPS:;cx.DY‘DZ:csw

COMMBRATUNKZ T HiE e e e
COMPON/JUNKY /THOLD S TROLL 262 AS5, 1X, 1¥Z, XINT I 4, NAVY
CBPPBN/TDC/CPsx,spsg,spa:,cpg,
COMMAN/GG/GXB,GYB, 62B

Cso GRavVITY RESALUTION T@ 8€CS
GXBerB813+0
GYBWER23vE .
GIBsEB33eG
Cas EGLATIONS 8F mMgtyan
CUnAXB/MASSeRaVeCawsGXB
a4 l'ITY”EoLToTHBLD.ALDoNAvY.Ec.1)cb.0.
24 CVaAYB/MASSePaNaRal +GYB
22 DWuIR7v¥ASSSnwterwyen?s
23 CPO(AL8¢CL3)/IX
24 DGo(AMBOCME) /1Y2sPuRexINTTR
2% DR-(AhBOChB)/!YZ-PerX]NT!A
25 CTHTAW(QeCPNTeRSSPHT ) /CPS]
27 CPhIlP-DYHTAOSPSI
28 OPE IR CPIrivCedptpt——— ——
a9 IF(IROLLONELCICP =0,
30 IF LIRCLLINE,C)Peg,
3t Cas PISSILE VELBCITY In £CS
32 CXsEQ110UGER2 I oVaER3 Wi
33 DY-EBIE'UOEBEE'V¢EB320N
I3 CIvE R I IwUvER2 YTa Ve R I Tuin
35 RETURA
38 END
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1 SLBRALTINE METC
? Cad gUBRAUTINE METQ CALCULLATES® THFE VELACITY BF gRiN
3 c
¥ COCBUE PRECTSIBN TIMESTIMES -
L] CIMENSIEN DUM(22),0UPY(6)
4 REAL MACW
7 COMMAN/MO/GERALT, T8, TGRAD,, FHBSL S ARGY ) ATAL ,RSTAR,
5 1RHGE, ARGEZ, GR, TMRL
9 COMMAN/JUNK/TIME, TIMED,, RH3 , SUM
i) CORMRX7MACL 7 ACH VSR D DUMY -=
11 IF(GERALT+GYe36089.2389) GR TA {75
12 TPBLeTOSTGRADSGERALT
13 RHARRHOSL#(TO/TMAL ) #8ARG]
14 RMEBuRHE
{® VERDSSGRT(§ (4 #RSTARSTMAL/ W TYAL)
18 G—T8 13
17 {2 CBATIMUE
i ARGRa<CORTMAL ¥ (GEBALT»38089,2385)/ (RSTARSTMAL)
18 RrOERHEBBOEXP (ARGR)
2 13 RETURN
24 END
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1 SLERBUTINE SEEX
P Cas Yh1S SUBRAUTINE RETECTS TARAEY WITHIA THE NPerpCTiAN RANGE BF SFEKER,
3 c TARGET WITHIN TWF FIELD OF VIFWsSeA=b,SEEXFR w]THIN LINEAR “ANGE
1) o -
8 COUBLE PRECISIBN TIME,FSTSAM,TIMFA4,0T,DTA,TSTY, THF,SPER
& CIMENSION CAT(14),RAT(A9)
¥ COrMON/STUFF/CELXS,DELYS,DELLS
] COPMAN/ JUNK2/SRNGE, IFUFR) TACC,RDFT, YARERA, PITFRA, PHFOY,BA,RNGLIY,
L] {P1 7Y 4150 R2D, NULEKR, BRS,RFLECT,NLLL s KAGE
AP T LM S T INP IR R/ P T TE R VAN R ————
11 COMMON/ JUNK/T IME
12 COMMONZINTEG/ D, J,DTRX,CAT, THTAG THASE, PSS, AAY
11 COMMAN/TT/FOTSAM, TIMES, DT, 0YA, TST, TME,S: "0, TSAM, D0, JMAK, [BRINT, T2
14 SRAGESSCRT{DELXSSDELXSSOELYSSOELYS+OFLLSenFL /S)
[ CATA 1ACGYL/0/
¥ IFTTFCresEQiCISY T8 S50
1o IF(TIPELTeT21G0 79 10%
28 - “IF(TACSLeNE,.0)A0 T8 11
L3 IF(T1ACC.NEe})G8 Y6 10
[ FESYSANWTINFE
e 10 IF(1ACCJECe2)1ACCE ]
[ 13 IT COKTIXUE
18 Ge T0{565,107)s1ACC
19 s60 CONTINUE
20 1F(ACG+EGe2)GA TO 107
2 FITSANTIVE
22 IF(TIFESGEZTIMER)1G0 TO 868
2y o108
2 Conos ACCUISTION(12CCop) WHEN TARGEY IS WITHIN CcuPav AND ROET
ri} T 8% CONTINUE
26 c
7 - - T Cee LINEAR SEEKER;NE SUTRUT WHEN GUT AP FOV
2 IF(SANGE+QT,RDEY (GO TO® 1019
[)
30 1F(BGRY(PITERRe024YAWERR®02)4GTe 00872664159 79 101
b 13 e - 1P 1SORT(PSISePGISeTHTASETMTAS)LT:BA108 T8 10t
32 867 CONTINUE
33 - Cuoow-PRINT-EVERY HAX INTERVALS
L1 JPAXe1e0G/0TAS4C0O0008
18 e ean
36 CTREsSNGL (DY)
i ¥ AN - tACGee
s IPRINY®2
39 PRINTY 90003
a0 90C08 FuURMAT(/22X, VACQUISTIANY)
131 4016403
42 107 COATINUE
xs Ceves NUIL SEEXER
(Y3 PITERRUATAN2(=DELZS,0ELXS}
%1 YANERROATANS (DELYS) SCRT{DZLXS8eDEL XSHDELLSDFL 25))
(Y} Cc
YT T Cer— S P ACUYT STt eN
[Y.] c
(3] 1F(SCRTI(PITEARUPITEIRGYAKEZRROYAWFRR ) (T e PuPay1GA T8 101
50 PlYYARGG2SCAT (PITERASP I TERDSYAWERY e YARERS )
41 IF(PITYAWYG L Z 0008 /7RRDINUILSKR 2
52 1C3 CONTIAUE
MY e R GARPP LR ARD ML DL P ST S AR T LML I NCLUD P A ARTE R ST ATENENT—} 0P ——
L1 TSTSTIMEFSTSAK
L1 YSAMGYSTOTNE
1e 15 (TSAMeBPER) 104,108,104
L-v4 108 TPEYTMELEBPER
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58 IF (SRNGEWLT,RRS)GA T8 108

39 T T IFISGRT(YAWERRSYAWFRRIPITERRIPTTIFAR) . GTPHFBY UGS TH 108
60 IF{SERT(PSISePSISITHTAS#THTAS)LTeBAIGE TA {NR

€T CATL SEEXERTSRRGE; RFLECT PITERIG FTITERT)

62 CALL SEEKER({SRNGE,RFLECTIYAWERR, YAWERS)

(X ] PITERBSPITERR .

' YAWERBRYAKERR

6% G® T8 109

3. 101 1ACGeNULLSXKAGEsY

67 TOR YRWERUW(OY . - o -
68 PITERBeQ.

69 109 CONTINUE

10 c

74 Cos SEEXKER WITK | INEAR RANGE

72 1F(ARS(YAWERD ) s GEyRNGLIN)YAVERBeSIGN(RANGI IN,YAKERS)
I R +GEs TP T TERB S TONTRNSETNG

74 108 RETURA

75 ENE T T

1
o~ m—
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SLARAUTINE EDSKRGYRY

{
g— — t TRIS SUBRBUTINE CONSTRUCTS THE SFEXER GYR= vwAREL FOR ED
[«
& COUBLE PRECIS TR "TI™E
5 REAL KToKT10,KT20,LAMPR,LANYR
1 REAL XG,XT30
) LOGICAL FLGA/eTRLE W/
7 COPFAN/INTEG/KUTTA,,NX,DTRGU, V, %, P, 0, R, PUT, THTA, ST 2 X Y, L,RTHTA,
& 1RBS!:THTAS:TkiSD:°SIS;PQISD.OFEGA‘TXFC;P!ro.DrF.VEFADEL1:CELV=;
b J ey CO L D DO EL VR COEL 3T RLANYTRURMPTEPHTIG PR TO I DU OV IO NI CPTEC 0
10 ICPMI,CTHIAIDPS],CX,0Y,02,NRTHTA, DAPST,DTHTAS, DTHASD,DPS1S,DPSISO,
11 4COMEGA»BTXED, OPXFT,DPEF ,DYEF, DDELP 4 D0ELPP, "NFLP3, CODELY » PDVELP,
12 SOCDEL3,DRLAMY,,DRLAMP, DRPK1G, COPKTO
13 CeFMONZJUNK /T INE
14 CON"QN/TTIFQTSM‘,TI“EboCY,D"A;TSY:T“F:SPF.'Q:YSAM.COIJ"'AX:IFRINT:TE
13-4 CONPAYRKYPENY." . « GYIB™EGL
16 COMMOA/BBR/RSL,K "y KT10,KTB0,LAMPR, LANMYR, RTY ,QTH{N,REGELEDY,PLGA
17 {RSAIECH,CSA
18 COMMON/BTS/B511,8S812,8513,8321,8522,8523,23€31.8532,8533
i COMPOR/JUNKZ/SRAGE, TFUFR, TACG,ROET, YAWERS ,PTYERY, PHPOV, BA RNGL I,
20 {PITYARSGR20,NULSKR, BRS,RFLECTY,NLLLS KAGE
'L ) COr N7 QP RETRRTHT K 87K T3Y
21 CPMIODPH]
22 7 RSLVI2B47R2D ) IF (ARS{CPHTO) «GT RS IDPKTI08S TGN (QSL, IPHIC)
23 IF(TIMEZLTeT2)GY T8 5008
1 R of T -
2 CoseeeCHECK FBR NULL SFEKER
——— 0 TR INTRO T BOOn
(23 IF(NLLL.EGe2)0G0 T8 5000
-1 2 NULLel
6o RSGESSGRT (THTASETHTASPSISenSIS) ) IFIRSGE ¢ LE+0e3/R20s AND s [ACBSEGS2)
7 - T iNULLe2
8 Ca0easlF (SCRT(PITERRSS24YARERR®92) 4G +PHFOV)IIACYaNULL Y
ve XO0U TP TTECGSECVIYRUTTYY
10n
118 - IPINUCLLLECV 1 ILAMPRaLAMYROO,
12¢ c
- IF(NULLJECHIIKTUKT20
23 IFIMULLLECY2)XTuKT10
=5 TP TABSTRUARY IV OT S 87 285 H I TR YW S TAN ts 8P 2R RTTREANYY
'Y BPEGYSXTWP]TERS
F1.4 APEGZUKTOYAXERG
29 IF(ARS(BMEGY) ¢GT401748329)8MEGY#SIGN(¢1745329,3VEGY)
3C IFIARS(OMEG2; 40T, 9 1745832910 EA2510N (91 74%329,07E02)
31 LAMPROGMEGY
3?7 Lﬂrv-!'v":ui e
K ¢ SEEKER QYRO FOR 0
46 c
(%4 5008 CONTINVE
(3] IF(YIFECLYeZD1)GN TO 4670
(%] IF(eNAT.FLGA)GO TB 4670
.16} KABE w2 HFL OV wT B T PO T PR ENT-9000% —_—
51 900CA FORMAT(/22X,'UNCAGE GYRA FOR RALL TO VERTYICAL ')
82 6470 CONTINUE
593 !F(T!”EOGY'ED‘OAKDQ!Acn'NEOEOAND.’?UFQ.'\F-?)KAGFQ’.
L) 1F(IACCIECP2IKAGEw?
L1 QSAnBS210F+RG22014B3238R
TR AR PRSI P AR IR e BRI N R e e
.34 GO TO(5200,%201),KAGE
58 ¢
L1 [« CAGE
60 C
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! 270 NThTAS=«iCeaTHTAGCPSISe={0,#PS1S
67 TTGY TR 5203 o
£2 5201 69 T8(5202+5204),1ACH

Y U
S C LNCAGE
£A C
&7 c FRFE GYRH
AR o
&9 5262 CTRTAS=«QSA/CAS(PSIS)

o} TPTISFs RO
74 GO TP 5203
79 o
73 ¢ TRACK
74 C
vAd 52C4 CTRTAS=(BMEGY-GSA)/CRS(PSIS)

TR I,ZP'STS"ﬁf‘EGZ-RbA
77 R2C3 RETURN
7R ENC
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1 SLARALTINE EDAP
2 CEE TTNIS SUBRBUTINE CORSTRUCTS THE ALTAPILAT vAtEL FAR ED YERSIIN
3 DAUBLE PRECISIAN TIME
¥ TG TCRL PUOI /3 TRUES/FFLOR /S TRUE T 75 FLGI/sTCEs 7
. COMMAN/ JURNK /T INE
8 CerMAN/SE/81,52,53,58,5%,88
b REAL POLES(011/4204/
» REAL XPDIKQ, KM, LAMRT,LAMPQ, L AMYR,KG
9 COMFON/BUTAP/YEG,REG,PEG
10 COMMONZ BONY ISLIRTI KT YUK TR0 LN PRI AN YRS RIS R THIN RSCEF L0+ Oy ——
11 {RSALEDH,QSA
12 COPPON/ JUNKR/SRNGE , TFUF®I TACQIROF T, YAWERS, DI TFRS, PHFOVIBA,RNGLIY,
13 {PITYARSG2R20,NULEKR,)BRS,RILECTY, NLULL s KAGE
s COMPON/ARROW/PHIG, FLGL»FLGB2,FLGI, REF,RFL, YFD,FED, THRBS,PSRBY,
18 1THBS, PSBS,,ABLY.PEFL,KPD,XG)XM, KB, LAMBI,PALFS
KTNX DR GU VW, P G G PRI TR TA PSR LR T A
17 {RPS1, THTAS) THASD,PS1S, SIS0, OMEGA» TXFD, PXFD,REF, YEF 2 DEL 12 DELYP,
i85 20EL3,COELI»ODELVP,COELILRLAMY,RLAMP,RPHIG,DPRT0, 50, 0V,0W,0Ps 06, 0R,
19 3CPHT,DTHTA,DPS],0X,0Y,DZs0RTHYA, ORPST,DTHTAS,.CTWASD,0P5]8,0PSISD,
20 - 4CONMEGA,DTXED, OPXEN,OPEF,OYEF, DDELP,D0ELPP, DDELP3, 0DDEL 12 COVELP,
21 SDDDEL 3, ORLANY,ORLAMP,DRPHIG, 00PN 0O
-4 O aN7 T 7P S TS AP T I EN DT OT R TS YT TE T SPERT TSR COs UMAX T I PRINT ST 2—
23 < ROLL AUTDPILGT
kL T - - =
1.1 I'(TXPEvGE-EDb)uo T8 3023
BT T T T T BN IC DR IQES e 7K, 3PE 1S 68
27 @0 Y8 5030
H'CFU'!G.ZNU 9 2UCO
29 IFtIACQeECe2)G0 T8 5025
b [ - = T PHIGEeDPHIQES1 78, sPS 58D
kB 60 T® 503C
2 - - T OBOZE IF{WNGT.FLOL1I00 T 6667
3? PRINY 900023 IPRINTR2IFLGLeeNAT,FLOY
- 1) 7 Loy
38 LY CONTINUE
1% ) ~ DRLAMYR10.8DPHID
37 PH1GueDPHIOeSiaRLAMNY 8]
38 - i
3 Ceo. LEAC LAG ROLL AUTBPILOT REG/PMHIGaKPDa{SeK)/Eei2.%)
1 SOILCONTINUE
%1 CALL FLTR(PHIG,RPHIG,DRPHIG, REG2 125, %0sKPD)
827 T RYLUTe/REGSIF(ABSIREGI s QY RPL JREQUS  GN(RFL , AP Q)
3 c
8 CCee PITYCH YAW AUTOPILOT -
AS Ces RATE CAFFING AF GIMBAL ANGLPS THRBG/THTASeK GG/ (400670343 )

R T T T AL U Rt T Ut R T RSy TXETr T TXE U TRR BT FOLE S { 04 14 KRG RM TRES -

87 CALL EORTDAMP(PS1S,PXED,DPX¥D,PSRES,PELESI01)2K2,XKM,PSES])
1 ¥.1 c INPUY T -CUIDANCE FILTEZROPED, YED

9 %06% CONTIANUE

‘80 PEDWILAMPR

L3 YECSLARYR

Lk 5078 CONTIAVE

LT CALL FYLG(PEDSREF,DPEF,4GB,104)

-1 CALL FTLO(YED,YEF,NYEF,KG,100)

.13 PEFLuPEF+L AMB]

59 GBLVe8e/R2D

B A RS PEFL I S T OBV PEF L St ONt BV PEF L ————
59 1F (ABS(YEF) +GT+GBLY)YEF#S1GN{GBLY, YEF)

80 IF(TIVEsLY o YZiR.IACCIECS1 20 T $400

61 IF(+NBTFLG2)00 T3 K468

[ Y4 PRINT S00CIIPRINTw2FLOBwONOT,PLOZ
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63 9N0¢03 FIRMAT(/s2X, ILATERAL ENABLE)

84 — “ROG6RTCONTINUE T T B

6% G8 T8 (5080,5085),NULL

Y] BUBY FEGV(PEFLATRBS¥G&EaTHRRESVSE)WEY

67 YEG¥YEF +PEBS6S6«PSRBS#S4

68 GO T8 5100

69 8089 IF(eNBT+FLG3)GB TB 6869

70 PRINT S000&JIPRINTs2IFLG3a.NBYFLAI

77 90004 FORMAT(/,2X,'GUICANCE ENABLE!)

7 85869 LUNTIRUE

73 PEGe (PEFLwTHRBS#S4 ) #5%

74 YEGOYEF «PSRG54#S4 -

78 5100 IF(ABS(PEG) ¢GTe920943948)PERSIGN(+2096394R,PEG)
Yé T T TFTABS(YEG) ¢GT2» e 20943958 YEGSEIGN( «2098394K,VFA)
77 RETURN

7R END
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)

QURRALTINE FLTRIX,Ys25A+8,C,0)
AL e
As (CuY+2)uD

LIRS Y IR V)

RETURR
ENC

SURRBLTIMNE EDQTDA“p(X:Y:Z{AJB'ClD{E!

ZEEWN(CEXwYY) T T T Tt

Astje (CaXey)

Fl &I

» A& DT

E¥S¥(RFA]
RETLSA
FAR

SLRRBLTINE FTLG(XsYs»2sA48B)
VAL EEX 2 L0 2 N
RETULRN

|
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SLARALTINE CONTRL

? Ce®¥ YWIS SUTRBUYIKE CBKTATIND YHF CEAYRSL SYSYZM,C4%AR0S FOR EACH PLAANE ON
3 c CEMMRN SHAFY,SECEND BROER ACTLATIR MaOEL
M T T TP ER S TN AT T2 Y RC TR Ty R TR L T T e
” COMPAN/ JUNKR/SRAGE ) IFUFP2 TACC,ROFT, YAWERA ,PITFRY, PrSBVIBA,RNGLIN,
[} IPITYAWSCyR2D, \ULSKR, BRS,RFLECY,MLLL) ¥ AGE
7 COMMAN,AUTAP/YEQ,REG,PEQ
L} COMPAN/INTEQ/ 14U, XCT,0ELL, CELVP,CEL Y, DDEL 1, COFLVP, ODEL IS ACTS,
9 10CELP 1, 00ELPP,DDELPI,00NEL 1, DODELP,NCCEL I, ACTR
T T COF P K7 QURK /T TRE; TTE YT PP 5705 SLUNI CAP T IR R P RAF TV I RAPTI T tAC T
Pe 1SLAPE1,BT{aRAFPTNG, BLOPE22RTA,CTT,CPT,SPT,XLYA,BYT)CAPS,)CAPSY,
3o 2GAPSCH, T
1 CCCEL1%80¢® (A0e0 (YEG=REGONEL1)eONELY)
[ §1 COCELPESO+® (X048 (PEGeDELVPIDDELVPY
12 OCCEL3060+9 (6000 (oYEGRFG20EL3)onDELT)

S & T IxCT ey T OCCELY VB O Y B0 VIREGE YEGSOELT TSI ECTY
18 IF(TACTeEGCe2)00DFLIn6000(40, 0 (REGOYEGOEL I =D"ELI}
\S OCELPINCOELY
) OCELPPSDODEL VP
17 CCELPISQNOELY
18 RETURA

19 ERD
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Al AT (FTLE, Y1 Vs (FASYAY, L), (RSIZE,2CP)2(FST17F,240)
AL LSBT (FILE,X2ys (FR&EMAT,L),(FSIZE,202), (FSI1ZEL100)

AQGIGN (MIST,RT,¥X8)

FARTRAK S12GEaARGIHC
AL BAR (TEMP,ECCH{LIPIUSERAISYSTEM)
tRAAT (FILE,ET2GRIESDY)
SIRTLE N1 ¢CYSLIRLEDD)

{, SRFF LL 0RT

{, ’RFF LL INEDY

LPATTING WAS TPFPLETEU

WARKNIAG?: UNSATIGFIED REF!S
REWING STARC
RAV

A

PR <
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Appendix B.

CSSL PROGRAM — DYNAMIC GYRO MODEL
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CONNECY (2Z4E,RTOL)
ff\:
SLIRGUTINE RTSL
CarraN/ZCO04/Z0CCH(58)
COMMENJZCCCU/RMYUIRIMY RMPUIRNMP, W, A,RR,PS]S,Q,RB, PHTAS
ECLIVALENCE (Zc004(4)sDFS1ISD), (20004(3)220000)5 (20034 (18).PS1SDYA S
. 122004 (17 )a2000402620004(32}20THTASC) {20004 (31)420002)> (20C0OML46)2
- 2THYASD )Y (20704 (58),20C03;
) EXTERNAL GYRH
49927 7959%acs
NSTe25¢
CINTa?:,0 °
.. TeCe0
T JALGSERgS
»ALCAReS
HMINTRO¢300008
NISTe
tTERe2
AZCCCq{1 ) a0y |
“ZOCCu(§8100, o0t
200Cu4(42)n0,
T200CL(z6)80,
iHesG924875 ~°
Awe(C027C823
BeesCC32083
RR$.C0017192
RBeo0217192
THTASaRSISen, . .
TFINaL0
CALL .29998(4,20004,GYRO,NST,CINY,T,0)
195969 CONTINLE
IF(TeTFINI90000,9C200290CCY

- 40000 CANTINUE

.. PRINT 42C03,T

GCLN3 FOPMAT(618X,E120%))

gC0hr2 CBATINLE

. PRINT $CC0B,0P8I8C,0TmTABCIPSISD,THTASD,PSIS, THTAS

YCCOD FORMAT(6(BX,E12:8))

.60C04 CEATINLE -

e CALL Z9999(5.Zoco#.GY“B.NSTaCXNT;T;IALGBR:JALGBR;H"INT;VteT.rTEn.I

. LERR}) |

S . 299cRmuss - S he '

W kR tA 99999 -

99998 COATINLE

6CCCei CBATINLE
SYEF P
EnC P
‘SLERAUTINE @YRe(T)
CAMMBN/ZCCCL/20004(58)
ECLIVALENCE (Z2704(4),0FSI80),(20008(3),20000) (20004 (18),F5150), ¢
120004187 )022001)20200C4(32)sDTHTASE) 2 (Z0ACHI31)220002%21(200 041 %¢) 2
ETFTACD):(ZOOC#(“5’;ZOCCB)
. CBMNMAN/ 20004 ZRMYLABMY ,RMPL RN 1, 4 RR,;P818,8,RB, THTAS
R¥YLaSTEFR(C4sT)
RMYv.C1562%54RMYU
RFPLEBYEP (04 T)
RMFR.015625«RMPU
pPsSIsTe«rCCCO
P8ISelcOCl
THTACDWZCCCH
THTACS20C03
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nasCIETL PACGS CHUNE#se
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Appendix C.

6-DOF DIGITAL MISSILE TRAJECTORY SIMULATION
WITH DYNAMIC GYROSCOPE MODEL
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et

s
[E SRR - Y

ELEROYT INE T 1 T AL (E73UN,CESTIVS)
" "CBLBLE PRECISTON OTIFSTSAM,SPER,YNE, TI™CR, YIMFL,TIFERQ, TIMFI)
tYIMENLTSTLOTA, TIME

R XPUIXM X XY, XTI YT 20 -
REAL X730

REAL XB8,X0L,x®

REAL XG,XAGL, X, AMPR,LAMYR, L ANE]

REAL LP,KOIKG)KA,X8, KR will
REAL PACH,HABS»IXsIYZs1T014A

WXL WX(INT, XWBLIIY
COMFON/INTEG/KUTTA, NXHDTHK, U, Vo h PG, Ry PHT  TUTA,LPET s X Y2 2,RTRTA,
{RPS], THYAS) YHASD,PSIS,PSISC,80MEGA, TXFD, PXPD,PCF, YEF)OELL)CELVP,
2CELY,COEL12DCELVP,00ELI, RLAMY,ALAMP,, APK]G,DPHT0,CU,DY,0%,CP2CG, R,
3ICPUI,CTUTA,DPST,FXsNY,DZsIRTHYA,CRPST,CTHYAS,CTLASD,CPSTS,0PSISC,
ACOMEGA,CTXED,DPXEN,OFEF,CYEF,COELP 1, CCELPP,COELP3,00DELL 2 COLELP,

L R
J oM+ O B (0 Xt ol e

SCLLEL T URCRAPY,, LRCATP, URPETG, TOPHTY

16 COr~ON/ETR/ER11,EB12,E813,ER21,ER22,F823,rR3Y,ER32,E633
T4 — COPFAN/BTS/8511,8512,8513,B8821,R522,7523,8531,8532,6533
18 COFPAN/TDC/CPST,SPST,8PH], CPN]
19 — T T CBMMBK/ N/ GAMP,GAMY,DELXTB,DELYTE,DELITR
20 CEPPON/BTV/DELXV,DELYV,0ELZY
b4 COP¥EX70EL7DELXSCELYS OELT
'Y COMMAN/STLFF/ DELXS,DELYS,DEL2S
5y TS T T COPPAK/INPSKR/PITERR, YARWERR
7 COFFBA/FACL/HACK, YEND, URS VR, WA, VRS, VRN, VN
BYTTT T T ST o CAWREK/T/NXS, WYS, WIS
s COFFON/CIEF /CAZ,CV¥2Ch s CLP, CHCA,CYCOICLE L CHEL CNR,ALPHA, BETA, CPAD,
4 TCCRRT
18 COMMAN/TOCEC/AXB,AYB,AZEICLR, CNB,ALE, AXB, ANB,CNB
sy - T COPPAK/0B/0ELYYL, CELYR, DRLR, CELROL
b I+ COMMAN/ JUNK /T INE, TINES, RHA,8,0,SCUWICAP, IRAP,RABTIF )RAPTM2, LACY,
3177 T TTTT T T CISULEPELIBTIIRAPTII,ELOPE21BT2, CTT,CFT, SPT, XL TA,STT,CAPS;, GAPSD,
2 2CAPSCM, TH
7 KYBTPIR LB PR BT FFAND  F R AR -—
N COMPAN/OG/OXB,GYR, 828
" o - - COPPAK/JUNRY /THOLD, IRBLLIG, FASS, TX, 172, XTRTTIA,NAYVY
36 COMPAN/MC/UEBALT,TH, TORAD, RNOSLIARGYE, NT 8L, RETAR,
Iy T TS IRERE,ARGE AN, TRELC
1 COMMON/TT/FSTSAM, TINEA,OT,07A, TS, T*E,SPER, YTEAM,CCo JMAXS IPRINT, T2
Ny - 2 [ ? 0 ’ »
A0 1PIYYARSCIN2D, NULEXR, BRS, RPLECT, NULLSKACE
8t - - - COMMON/BOR/RELIKTINTIOIKTRO, LANPRLAPYR NTM, RTHINSREAESIEDL s FLGAS
(¥ ) {RSA,ECH,08A
Ay S o~ - COPPAN/PERY/OPEQY, B%EAZ
a0 COMFAN/OUTAP/YEG,REG,PEG
" O P LRy PLOTIREF TR VEC T PED S THREG, PIREBG—
a6 1TRES,PSES5,0RLV,PFFL)KPDsKCsKM,KG,LAFBT,PILFS
5y - -~ COMFEN/SS/81,52,83,36;8%s¢8
1 COMMAN/GP/RB, AR, s As B, KYI(
e - COMMAN/STUFFL/DEL X8, DELYE, DEL 2D
e c
L1 € OTCTIONARY
Re c
1] ¢ AERD
e 4
e c AL
9 c
ICw 1" Chs
11 c
12 ~ c
19¢ c ALYEPLY
14w 4
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s

b —8

{Re [«
Y.} C
(3] c CEFALLY VALUFS
- 12 T - T T T T
LT REAL REAL(206)/
L1 142,896600C00E+01,48¢186%87000E4C2243.2173a00CE4CE» CCle=CC3
3 2234966160000F=03,42+085553180F¢C75024376900C00E-0CI QCa==(i06
.13 349,978962970C 408, 48¢3120000C0F4COs +4,883A30C0CE+0C) 007==C09
L} 402,C10000COCE=C1,4%5+723000000E+CCs+5,08300000%€=CYs 010-+=012
TR T - 5u S COCCOCO0OIV 00T VI VIN I S I 2NN LV CCre 0T 202 - - ——————Ci3ve S~
8y 6+C4000000C00F 00, 40+000000070E40C,+0,000000CNCESCC, 0l6»er18
53 744,00C000CO0F 00, ¢8+0000C2000E=01,60,00099C0NCE0Cs 019+-+021
%9 841,3C0000COQE+CY, 48+0000CR0I0E=C22464C0COCCON0ETTS C22e=n2s
o 901,49850CCOCE*02,94400000200CECCs¢6,25C COCOCEOCS 025e+n27
61 Ae2,500000C00E02,¢2¢500C00000E1,42,00202020CE6ICs 028+<C30
TR T COCCCCCO0E Y02 ¥ YOG 000 OO R EMIF 0T 00CONCO0CES Ot ——
63 C+CoCCCOO000CESQ0, +8+000COC000E=01,s03.80000000CE01, 034036
(1) 041 ,COCCO000CESOC, #1+00000C0ON0EC0s ¢1,00005000%°E 600, 037=+039
(1] Ee},00C000C00E*C0,+1+000C00070L400s41,00000N000E+0OCs 0MQv 082
88 #¢1,0CC00CC00Ee0C, ¢ 910000CI00CE+C0s63,00C030000L¢00; 0d3walng
(Y4 Ge!,00C00CCOIE+00,48+0000CA000E4C0s+1+500000000E6C) s Od6eeGag
g 7 S00CCNOCOESCOrs s Y
9 148,00C000C00E=02,42+3528C0000E=08s41+622670000E-0%, C32=«05a
7C - Je2 4, CCCO00CO00T =02, o1 ¢500000000Fe0Cs*1+E5C080C0CES0S, 085087
" %el,25C00CCO0E®01,¢1¢5000C0010E+C1,¢2,000000000E¢08, 058¢=060
72 - L*3,0C00CCCO0E*02,¢11000000000Fe01,¢0,000300000E¢00, 06LewDg3
73 M4l ,CCCCO0CO0E=04,46+000002000E400,4+34143000000E402, [JYTLYL Y
SC0C000E w0, o 1>
78 84C,000000C00E+00,40+000000000r«00,¢0,000000000E+0C, 070«eC72
78 I aatnst $¢000C000CO0E*0C, *0s00000CO0CEe00, ¢2,830000000E 08, 073=«075
7?7 GeC,0CCO0CCOQCESCC,¢C+000C0QCO0TECLL ¢040000000CEESOC) Q760078
778 - - - Rwd,000000C00L +03, ¢09000002000GEeCCy ¢04000020CO0E¢00, 079»=08%¢
7 8¢C,CCO000000E 400, ¢0400000C000E+0Cs+0,000000000E 400, 082+»<080
GO0CCTeCCre 0T 0000000082 ¢ 00y ——— 085085
81 UeC,CO0000003E +0C, 40+000000090E+3C,+0,00000CC0ONE+Q0, 088»+050
82 - v¢04s00C000CO0E+00, ¢Q+Q00000000C¢00s¢0,000000002E ¢0Cy 091e-093
83 %4C,COCOO0COOE *00, ¢0+00000n000E¢C0O,¢0+0000720000E«Q0, 094e«096
8 X+G 4 COCO00CO0L+00,+0+000C000COL¢C0s ¢0,00COOSCOCESQ0s 097+099
1] YeC,C0000CCO0E+00,42¢112284897F402,+48,25C000C0CES0L, 100e=102
A1} P 6400000 =0T 1v000CT0000L v 0TI 0T 00000C00CEV00r————————4 63105
87 14C+CO000CCOQECC,+0¢000000000EeC0,+0.000000C0CE 00, 1660108
28 2¢C,CCOCCOCOOE+00, 0 COOCO00N0REC 0, COC0OCOOCE QDS 109«==111
89 34C.COCO00C00E*CO,40¢000000000E4C0,+0400C00000CE0C, $38eeita
90 ——— 4+G400C00000CP +0C 4 +0v0000000C0L+C0Os#0+00000CCOCE 00, 11600117
9" 54C,00000000CE4C0,400000C00000E400,+0+000000000E 00, 118=e120
TS+ {30 CO0CC OO T e v R R0000 0L OR v O e BT 00 CONCOOSE:
3 24C,00C000COCFE400,4040000020COE+C0s¢0,000000CONE 0002 123%012%
9% B+GC 4 000000CO0E*00 s ¢0+00000C0C0E+00,+0¢00000000CE 00, 1e0e=1n
L L] %4C,0CCO0CCOTE+CC,+0000000N000E+C0, ¢0+00000000CE 00, 129e«13¢
b L] 3+C,000000COAE+0C, ¢0v000C00000L¢007 9C ¢ C0COCOCOSE 400y 132eei3s
1 34 %4C+000000000E 400+ 40+000000000E4C0,+0+000000C0CE 00, 1354137
—gp 5+ CvC0000UCOUEFOCTVOVOO00C00C O O vEI00C000CNCEVDE—————————$H8eetdg—
'L %4C,C000C0000E+CC, +0+00000C00CE00,+0400000000CES00, 181eeisl
10en 5404 00C000C00F+00;+0+00000C0N02+4CCs«0,000050002€40C, PETELIRY )
161 S¢C4COCCOOCOQES0C, 40+ 000C0N0COF+CC, ¢C o 00CI00003E60C 1872149
1c2 5¢Gy000000000E +00,40000000000E+00,+0,0006GO0CO0ES00, 150ee(52
1€ %4, 00C00CCO0ES0OC, ¢Ce0000070N0F+00,¢0,00CO0000CE+00, 153e«15%
Ao 54Oy 30 0000000400740 v0 000020208 v0 0, +0v000080600E400r—— ———— ————— 1 $bu=t 58
10% 84C,CO0COCLIOE+00,+0+00000002CE4C0,+0,00C0NOCONE 00, 159«-e{b1}
iCé %40, C00000C00E+00,40.0000000N0F+0n,40,000000000E40C, 1027164
107 %+C,00CCO00CO0F 400, 0+ 000000000E+4C0, 40 000000COCE 00, 165+=167
108 5+4C 4 00000CQ00E ¢00,9040000000C0E+C0s+04000080000E+Q0, {6Re=t70
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%+C4CON000000E +00, 40+ 0000000COF+C0s +0.00C0CCNNCESOC, 17121773

109
110 %®3C,00C000CO0E *0T, 40+¢000000NCESTCTH» 404 COCOCOOOCE 400, 178=e178
111 5¢2,608000C00FE 04, 40¢00000C0N0E 4004 «4+00COC0000ESCIs 178--180
11 3¥Lv0000UO00TE 30T, 30+ UUUUCTOTUES CWL $0V0OTYDNONCEITTI TEgwwtrr—
113 %4C+000000000E*003,40+0000020NCE+0C++0.00C030CORE+CCH 183~=119
113 %4C,COCCOCOOCE*00, 60000002000 SCC»+0,00000000E 400, 156~=18%
119 B84C400COCOCOCES0C,4020000U20"0E+CCa +D400207°000CE+CCo 189--191
118 535C+00C0C0CO0ES00, 40 CO0002000E 4004 ¢0.,00000000CE+0C) 192«e19s
117 $+C4COCOQ0000E+0C, +8+00000C000F+03,46.00C000000E+0C, 196+-193
IT® B e ICCOOCCCOEYCO7 o ONFss02C00CO0CesCty————————199wvEot—
119 5414440000C00E401,4¢000C000C0E<C3s 0L 480C000000E+030 202==204
18 54C,00CCO0COCESOC, ¢0+00000C0ICE 400/ 205-+206
101 COLELE PRECTSION DBUBLE(GO1)/
122 14C,00CCO0CO0CDSOT,
_};3 INTEGER FIXECt030)/
[}
19% 14CC00C00256, 4000200001 »400C000CC02» +00CO002000, 0000000000, 0U6==010
128 ~3¢C000C000C0; 0000CO00000,+0000000000s +00CO000030, 0000000000, 031e=015
127 3+4C000C00C01, ¢0000000001 ,+0000C00001» +00C030CACE , 400000000002 016+«020
128 - 3¢C0000000C6, 0000000006, *COCO000006s 4Q0C00G00000, 000000000, 021e+023
129 3+4CC00000000, ¢00C0000000, 40000Q0CC00 +Q00006000C0,4C0000000€0/ 026%«030
0 oGt T A TEtOC T ITSET /A TRUL 75 RS T/ PRI
131 LOGICAL LBOICAL(OO8)/
i $eTRUE 05 0P ALSTesoFALEE e s 0FALBE ) o« PALSE o) o FALST 0, o FALSE s, oFALSE W/
113 NAMELIST TIMESRaYaZoUaVon,sP,CoRy THTA,PSI,PRILRTHTA,RPS],RLANY,
be L R T ARLAFP ) REMTIGRDETSLANST,) BF,XG, PIPE0, TIVEL, TIMERS TIFERI TIMES IFIN,
118 BXT, YT, ITaVAT, VYT, V2T,
118 P OV I T O T R LT s VTR C PSS IXT TY LTS TR ORS)
137 DKG, KRGL,BDsBF s B0, AF 2BA,CE,KP,GCoKALs GAMLE, PCL,YCLSCLla LT 1AL GF,
138 - ECLE,) ANCL INIDELMX,CELPY, VRATE, Xa s KS, PEAN) K, RYB] RS, 8RS, PulrAX, IROLL
139 FoRTELIS3»S2,53950,55, IBHR, IRALLDC, IACY, 1ACC, IPRINT, JMAR, 1RAP,
180 T T TOINETATIPEIT,SLOPE],SLOPER, 871,870, XLTA RARTHY ,RAPTH2 S RAPTE]
181 MyTRsT0, T2 7025 70N TONI YOS, T06sTCT»T14T2,NULLS IFUF8, IGUIDES TP,
x ‘! » [} [] » » & [) [
143 KyBFCaSF1sSFRISFI,SF8,SF8aSFA,SF7,SFB,SF9,8F10,8F11,SF12,SF13,SF14,
18 T T LSRG RTIINICASE S FPCLE, PFCHE, PRCKE, FFAXD, FRAYE, FRALB, FFALD FFArE,
e MEFANB,FULLS THALD,NAVY,XTI0,KC
188 = - == — - REAL PDAC(1017164e04/5P0LES(OLY, -
147 $42,00CCO0CO0E+C1/
e IFALSES/sFLOa/eTRLE« /s INRACY, ERROR,FLGS
1%0- - OATA KQ KCoMP NP PO, XR/ 955 40852051020 0015,; 7502
184 CATYA T8, TC/46s1Ce/sXToXTL0,KT20/20051002204/
192 CATA 82,52089,54,55:56557,58:99:31008111518/wivs10s30=30sT01e/
153 DAYA SLUPEL,SLOPE2/3647306538,2114838061547,XLTA/10666667/
18 CATA-RAPF Ry RAPPPET AP Ity G ravErt3vs
135 CATA RONSTeTROETYOLLLLDL/ D20 0194820
1w CAvS RB,RRIM; AN /20900057192, 46092187%,4000088¢8, 40009572/
186 CALL ABORTSET(99959S,1) KHLOTA
137 CALL EOFSET (yyyum)tUniT)
158 t CONTINUE
139 X CALLwYLLtS
160 X CALL MOCE('RY)
161 x CALL MODE(SCY)Y -
162 €6 1738 !s0,1%5C00
169 x CALL WDACS(0,16,7DAC)
16 1234 COATINUE !
18T <
166 C PaSS ADCRESSES AND YNITIALIZE LIBRARY RUNGEKLTYA INTEGRATOR
187 [
168 CaLL RUNGKI(DU,LsDY,TIME, XoA,X88,NX,DERTVS)
149 [ 4
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17¢ INPUT VALLES

7

172 GATE(CC1) » RST) GATE(O02) ¢ RET) GATE{003) s RST) GATE(OCU) » ©STawavwucs
173 AT CCS T Y RS T GATE(Q0S T W RSTT GATE Oy ¢ RET— - —- hanahbiians 4 4 444 atand
174 TIvE s JPUBLP(COY)

17% AX v FIXEC(001)) AU o FIXEC(N02) “Vecccse
176 IPRINT v FIXEC(D03) \PPS v FIXED(OnM) Seseence
77 ANCY ¢ FIXEC(OC%)) “OTA v FIXEC(096) sracenae
172 KAGE o FIXEC({007)1 NULSKR o FIXEC(OrR)Y Sesccs=s
A KAYY CEIXEOTO0NI T ISUTE TEIXECTYOT - T wYwEwuwe—
180 1FLFe * FIXEC(O11)s 1RmLL v FIXED(N12) meeseces
181 134n e PIXECIOL13); tRaP o FIXED(O1A} creceass
182 TACY ¢ FIXER(015)) IRSLLCC o FIXED(C16) b
{83 l1acG 8 FIXEC(017)) NULL a FIXED(O1IA) evesvece
188 KAGE s FIXED(O19)) I0Ym v FIXED(OOC) soes
189 112 900 P TXECro T ToUm L B v s agery sl - e
134 10> o FIXEC(023) 1Cuyr o FIXED({028) evececnn
187 ToLYK B SIXESICESY 1OU" e FIXED!028) sevecnan
188 10L» o FIXEC(O27) 10UM » FIXEC(CaR) eesssane
189 1oL v FIXEC(C29); tOyM v PIXECL030) ceecesan
18C FLGY v LOGICAL(001)) tMPACY e LOBGICAL (002}

197 TReoR ittt oyt

192 wTMOL e REAL(0OL)}: TM ¢ REAL (002

18y (L] v RCAL(003); TORAC § QEAL (008

194 1] 9 REAL(00S)) RMOGL o REAL(004)

188 RITAR -~ -3 REAL(O07)s CO v REAL(O08S

196 MASS s REAL{009Ys 1IX o REAL(O1O)

187 194 4 CREACTOTTI T O REATTOT2Y

198 RFLECT ¢ REAL{C13): PI ¢ REAL(CLa)

199 whee ‘e REALtO19)) R2 ¥ REAL(O16)

200 F37SAF  » DBLE(REAL(O17))) mAS e REAL(N18)

201- CELREL v REAL{C19); LaMsy ¥ REAL(O20)

k{13 (4] ¢ REAL(C21)) X6 9 REAL(022)

4ok § LY} TREALTC2 I KRGt REACLO2TT

20s 8C ¢ REAL(C2%)) RVB1AS v REAL(026)

209 - .14 "3 REALLO27): 60 v REAL{O28)

20d AF o REAL(C29); BRS ¢ REAL {010}

207 PREFAR - REALICEL): RYOL v REALLOSD

{1} BA % REAL(033); CS o REAL(O3s)

209 g —REAT{CIS et TREATLOIRT

210 KaL ¢ REAL(037)) FPCLB ® REAL(03A)

11 Frcre ® REALLEII); FFOCNB - ¢ REAL (04O

212 FFaAX® s REAL{O41)) FFAVE ® REAL(O4?)

219 FFa2e - -w-REALtCNS)s FFALB v REAL (08

214 FFArD L] lzE‘l.(ciSH FFANS ¢ REAL (046 >

219 G'A'h'i.g' Ad "c-bn,vl ys—PeL A ae'ﬁi{cval

216 YeL o REAL(CAS): THTAC 9 REAL (0%B0)

b2¥4 44 e BEaLiamed. 01D - REAL (052

218 1A ¢ REAL{0S3) [T v REAL (0S8

219 KC * REALIOSS s RNSLINV * REAL (056

220 PREGY o SEAL(057)s YiFay v REAL{058)

221 DECHx v REALLOS9 T OPLMY REACLO60

222 VRATE o REALICEY1)s Ko ¢ REAL(062)

222 [ 3] * RPAL(063)) FBGW™ v REAL {060

224 X8 v QEAL(085); OMEAA v REAL{064)

2an PCa e REAL(COT)Y U v REAL(O6R)

226 v o REALICSEY)) W 3 REAL(070)

27 L —REAL OO —REATLOT2Y

228 R s REAL(CT73); PR] ® REAL(O74)

229 ThHTA ¢ REALLOYSY; PH] v REAL(O78)

230 X ¢ REAL(C77)s ¥ s QEALLOIM)

231 z ¢ REAL{O79)) Psle v REAL (080
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232 ThTAS s REAL(C%1)) CP o QEAL (082
733 ° - ‘e T T wSEAL(0831) OR » QFAL (084}
234 cL e RCAL(08S)) DV s RFAL (D86
23X TF Y REACTORTT) CFLYB WRE KL OV
234 CELYR s AEAL(C89) DELZB s QEAL(CI0)Y
2y? CELXS v REAL(CI1)) OFLYS 0 REAL(092)
238 CELLS s REAL(C93)) PITCRARQ ¢ REALLO9S)
239 YAWEAR e REAL(09%5)) PITEH® o REAL (0958} woeseace
240 YAWERO @ REAL(C97)s BrEQY v REAL(09R) evescecs
L3¢ .18 4174 WRERCTCISTT PSR VREACTITOY bbb
a8? 8T4 @ SEAL(101)2 BT2 o REAL (122 weesecse
b 2% ] ™ot w REAL(103)) KC s REAL(104) wesesase
2AM §FQ e BEAL{105)) SF1 e REAL(126) weeseane
b2} sF32 ¥ REAL(107)) SF3 o REALIITNY weasence
FLY SFa o REAL(309)3 SFS ¢ REALUILD hded b
e £ ¥4 SPE v RERCTITITIT SP7 RECTITY W wwway
2a8 sFa ¢ REAL(113)) SF9 v REAL{118) eseceeae
230 188+ - wTREALT118)1 3711 v REAL(116) el Sl d el
2%0 sFy2 e REAL{117)s 571y o RFAL(11R) wencnece
251 ST v REAL(11%)] 8F1S % REAL (1209 eerveves
2%2 tic s PEAL{121)) TICY s REAL(122) wesscoce
5y PERO VRERCTTZITT YERG ¥ REACTICNY
2% Qsa s REAL(12%)3 RSA ¢ REAL{(126)
411 T PES v REAL(1273) YFO 9 REAL(12AY
2546 REG v REAL(129)s RET s RCAL(130)
sy - REX © T W REAU(IIL1) REQ v REAL (132
ass TR e REAL(333); DELXV v REAL($3M)
) 43 CECYV VNEAUTYISIT OTLIV TREATTIINY
260 SELY s REAL{137)s OEL? e REAL(13%)
13 S CELI - v REAL(I39) OFLa ¥ REAL(180)
242 CELVS 9 REAL{141)) DELM™IS o REAL (142)
26y T T ™™ — ¥ REAL(1A3Y; TwBS ¥ REAL(104)
204 psSes e REAL(14%); TWRBS o REAL(1a4)
Ld 11 PIRES CREACTIN T TTT™T2O Y REATTIORT
266 REF o REAL(149)) PEF ® REAL(1%0)
267 YEF - wOREAL(1S1)) TXED v REAL(132)
E{ 1] BX¢D ¢ REAL(1%3)) FQ ¢ REAL (1963
"4 N re v REAL(198); 73 e REAL(1363
27¢C 2381 s REAL(1%7)) TKASD 0 REAL(133)
7Y ORYNTE v REALTISS I T ORPS? vREACTTO0Y
272 cezLy o REAL(161)3 ODEL3 ¢ REAL(162)
27y - coeLrt = REALtt63)s DOELPY v REAL{164)
27 cCeLvP o REAL(185)) DDELPP v REAL (166)
4] oceeLs v REAL(187)3 OCOELY v REAL(168)
276 OCCELP » REAL(169)3 DRLAM® v REAL(170)
Y244 CREAMY T REALTTITT T T O ts vREACT?2Y
278 RLAPY s REAL(173)3 RLAVP v REAL (174
279 RPULEA v REAL(17S)1 RP3] v REAL(176)
28C RTWTA o REAL(17771 XY o REAL{17R)
281 \4 v Real(§1751) 27 s RTALLECS
282 crsis v REAL(18133 DTHTAS s REAL(182)
a8y THETRT v REAC I8 T T PS T RISy
284 PED e REAL(18%); YFO s REAL ($86)
28% CPg? v REAL(187)3 DYEF v REAL(188)
284 PESL o REAL(1A9)) PuIG ® REAL(197)
287 [ (] v REALE1911: TETACC & REAL(192)
282 vr e REAL(193)) DPMIO v REAL(194)
—sy LOPtC VREALTTISTTYNOLD v REACTE98Y
29¢C aceT o RPAL{197)) TIKED o REAL(19a)
291 Tiret v REAL(199); TIFER v REAL (20D
292 TivED o REAL{PNL)) TIMES ¢ REAL(202)
293 14l G v RPALL203); RTHEIN v REA {2Cay

218




lg
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294 rur v REAL(208)) OLY v REAL (206
{e CTWASE v YEAL{20%8)) DPSISD s REAL(2C6)

29% (<

798 T CATLCCATEL T VALORS - B o

297 C

298 ARGieles(GOaWTMAL) /{RSTARSTERADY

£99 XINTIA o (1YZ2eIX)/1Y2

3c0 St,.P%eP180eD

304 WANGeP] eR2

- SREAKOUS TR IWARGY T

0% CSaANGOCOS{WANG)

304 SPFRel s DO/OBLE(FLBATING®S) )

308 TFESEPER

306 CTel+CC/OBLE(FLBAT(NGT))

107 CTrxeSNOLICT)

k1) VTRV UL70L00e TP LBRTINUTRATY

309 CELROLOREAL(C391/R20

310 DELRALeCELROL /R2D

31t LAMBLIeLAMBI/R2C

112 PHIrAXSPHIPRX/R20

313 GAMLBeGAMLB/R2D

nw Yervrlt7ReD

248 PRFOVEPHFBYV/R20

16 VRATEEVRATE /RED

31?7 RVBIASsRVBIAS/R2D

318 GC«QGC/RED

3519 PCLePCL/R20

33T THTACYTHTAC/RED

24 Cls(ITelA)/IT

32?7 Rista/ziT

k&) AAGL INGRANGL IN/R2D

I - YRPAVEYNEOY /RED

32% KapXa/RE0D

I8 THTAT THTA7R2C

27 CPS1SeCOS(PSIS)

k-4 Ceves JFAXSPRINT CONTRAL, PRINTING SCCLRE FVERY graX INTERVALSe

329 JFAX83200/07¢4000001

330 INPUTLL0S)

33! heLCel

137 TP R S THTA

332 TC1oTC4e4)T028T21044

33 1030102402

3 TCasTCIee2

338 TCReTCAe R

337 YCa9TC5ee2

“332 157970642

119 TleTCe20

%o [F(TRelYeoe0t)TReTt0ody

Iat CTTaCAS{THEYAT)

382 STTeOIN(THEYAT)

343 CP?eCS5(R5IT)

I SEre s it ATy

388 [F(IRBLLOCIEG2)1ACTS2

388 Cuves RANCE TARGEY FAMM MISSILEgRT™ N FEEY,

387 RIVBSCRY((XTeX)0ede(YTeY)u0De(2Tal)%e2)

an Cesven

149 c Wh1TE SANDS ALTIYUCE«4000. FT,
-1 BF-HE— 1 E0—F BR—PACH—TRAUP T OR Y —

381 Ceses

182 Ceeoo GTARY ROLL GYRO(LINEINS) AT TimMEy

383 feo0esSTARY PITCH ANC YAw GYRAS(LINF 347)/R9LL CONTROLUILINE 399) AT TIME3

ki1 Cevow ENARLY TRACK AY TIMEM 1P TARGET 1S w!TRIN FAV AND ROET
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LLL] Casvos
h11] T T T IR IRCETILY IS YTTIMEA $999, T
387 ITE*PeTIMES1,000001

ki-24 CEFS¥E IO T SONECUTEZCPRINT TI™E

ane PRINYVMRITENP

380 CELXeXTeX

361 CELYoYTeY

362 CELZeZTeZ

367 OELXTeDELX

h 1.2 CECYTVOFLY

348 CELZTeOELY

366 CFCe0

367 CACe0e

368 Cesons

269 ECcery

370 ELIFTISUeES

371 EC2e12

17?2 (4311128 11

373 EC4oECI+I,8

374 ECEaTIMED N

378 CEL®*XeDELFX/R20 J10ELMYuDPL MY JRID
378 FCULH PURNRKTUZICX , KER 7, BT PRES Y 6 L, OYLI.STY
177 9CCQL FORMAT(/22X, 'NULL ROLL RAYE SENSHRIS
378 90C02 FORMATI/22X, YABLL KULD')

379 90003 FORMAT(/02X, VLATERAL ENABLEY)

38C SOCCA FBRMAT(/52X, YGUIDARCE ENASLE')

s 97008 FORFAT{/o2X, 1ACCLISITION!)

h 1.4 STOCE FORPATI/ 52X TUKCROE —CYRW PO ROLT T VERYYCACTY 14 1]
383 SCCO7 FORMAT(IME)

I8 T T T9C010 FORPAT(/SEX,tBENIN SECXKER CaANTtS

388 9 CONTINUE

188 - KLTTA w C

387 RETURN

I8 C

389 ENTRY DERIVATIVES

I M T -

I KLTTA & XKUTTA o ¢

8T - | b B *

3 ALYeel

kb 1) U ¥ gUwROw

198 GECALTORAALY/(RBCALT)

%6 - "Ceer MEYTQ CALCULATES VvEXD

197 CALL METO

b4 1.1 T T 13TCOATINUE

39 c

x0C ORI RTION-

aCY CALL TARSFEB

o [

spe Cee BCS Y8 SCS TRANSFORMATION,SEQUENCE 18 THYAS,PS1S
ACa CALL TRSFES - .
0% 1CO0 IFIXLTTAWNE,1) G YO 08

¥OE 188 8w 4 4

07 TF(TIME«GTeTHALDINXS S

[Ye1.] {F(GAYE(OCI)1IGY YA 1238

4C9 IF{TIMESLTeTIPES QN T8 1238

810 QATE(CO3)eSEY

(331 IPRINT 02

L2 04 T23CORTINVUE

L3% ) IF(GATE(OCH))GO Y6 1236

[ ST 1FCTIMESLTeTINgL1 100 TO {236

(3% GATE (COM ) eSEY

L 31 PUINTe2




aty 1236  CONTINUE

L3¢} - ) IF(CGATETOCT)IGY YN 1237

(38 ) TF(TIMESLTeTIME2)GE TO 1237

I GXYETUUSTWSET B

LT3 IPRINY®2

Y2 1237 COATINUE

.03 1F(GATE(OCS))BH ¥4 1238

(Y1} TF(TIPESLTeTIMEM)GH TO 1238

528 GATE (CO8 ) eSFY

hed ) 20 SR AL

“27 1238 IF(GATE{OC7))30 YO {239

[} 3.} TPITIVELLTITIIGE T8 1239

489 GATE(COY ) eSEY

30 IPRINYE2

434 1239 COATIANUE

T2 T e

Xk} c L0S ERRCR [N SCS

432 - "CALL LOSEAR

[%}.] [

[ %1 Cas SUBROLTINE SEEX CEYECTS TARGEY WITHIN THE CrrrCYION RANGE OF SEEKER,

837 4 TAGGEY WIThIN TWE FIELD OF VIEw:SeAvk;SEEXFR wlTHIN LINEAR KANGE

(X2 CATLCSTEX

439 105 CONTINUE

40 - - C

L1 3 Coe WISSILE VELOCITY WRT AIR MASS

M7 T T T T WALV« e00CO7IET 2484236

L1} ] WACORADD®{{¢0008aSINIWNDYY)

'Ly ) WAS 9 WRUSORAWARD

Yy Y8 s WNDeCSWANG

A6 Tt T CALL ™CaLC -

[1Y4 c
. MY TTe=T CCuE ANGLE ST ATTACK CEVPONENTS
b Ny Cas TERFS FOR EGUATISNS 8F HBTIAN

L1108 LEFF R XU ARV LUNTROLTPORLES ARWU “HFERTY

111 Ces  SLBRALTIAEL FERMAN CALCULATES FBRCES AND MAMENTS FOR THE OIFEC EGQLATIONS

482 - T CALL FORMAN

483 [

13.1% - CuswpURRAUTINE OIFEC CONSTRUCTS TME ECUATIAONS OF wAatTigy

458 CALL CIFEG

13120 ERLANSAT S A1 T2 00 L mug 2 ) g-102

(334 TF(TIMELLYeT1)GO T9 406

W88 - = = - 1P tek8TFLE0)A0 TO 6866 -

59 PRINT 9CCCLJIPRINTe2IFLOOSINOYFLGO

£11.8 =" - 6888 CONTINUL

1e NXe33

! T C

463 Ceve SLBRBLT INE ECSKRGYRM CONSTYRUCYS THE SEEXKSR GYRO ~8DEL FOR EU

[ Y13 . CALL EUSKROYRO

Y1) 5203 COATIAUE

Y1) C

(YY) Cee  EC ALTOPILEY

111} CALL— 2O #

Y1) GO T8 226

aye c

«71 [« ENGI® EERING DESIGN ALTAPILOT

ay2 c

473 B180 [F(TIMELLTTI™EDIIGA YO 40}

P e e e e PR B —

A% PRINT 90CIC)IPRINT®2FLASeeFALSE, FLGS
‘:W &7¢ BA7Y  COATIRUE . FLG5
o e, WY A7 AX e 32

478 AerG2eKBeYARZRY
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(34 CoseCANTSEEXER

§80 - Cowws CANTSEEKER-UNTIL ACGUISITION(TACII2?
84 BFEGYSKS® (THTACTHTAS)

&87 TFTTRCCECT Y e FG YIRS PTTERY

IS IF (ABS(BMEGY)e0Y0s)10872) PKEGYLSIONI10472,0rEQY)
484 1P ARS(ONEQLIeGYee10472) INFGLeSION(10872,8YF0Q7)
(3 1] [« 1CEAL GYR®

11 1] QSAUBSZ19PONS22eCaBS2Y0R

87 REASRS31#P9B532eCeBI3YOR

EL.1] FIa TOFEOY<CSAT7COSIPSTSY

“4s FI4OFEQL=RYA

&9C CPSISACOSI(PSTS)

91 IF (ISKRGEGe 1 )F s (OFEGYRBA) /CPEIS
.92 IF(ISXRIECe1)FIeBNEGZOSA

#93 FasCo

(3 1) FSsCs

a9s LAMPR & BMEGY

(37 T LAMYR ¥ OVEGT

a7 IF{TACCoAL2) LAMPRLAMYRSC,
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909 PCATaSNGL(TIME) JPCAXSXIPCAYnY ;PCAZaZ)PCASRTM

910 5% CONTINUE

914 G8 T8 9

912 73 IMPACTYe ¢ FRUE y - -
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917 ERRARW . TRUE,
948 GO T8 70
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520 T4MLUK]) 4HT sLUNTY
921 DO 3121 [e1,16
LR IT2T  FOXCTTT#0%
323 0O 3122 11,1500
g2% X CALL WOACS(D,3$6,73AC)
92% 3122 COATINUE
ie T T CALL BEOF(IEY
20 CALL WEGFeBB
I CACL—wEBPsin
926 X CALL MODE('R?1)
927 X CALL 'MODETIRYY - - -
$28 X CALL wWEOF
929 D 4 © CALL -PLOT(1,t "TIMEt 24t TXED 1)
3¢ X CALL FGSRLS('8vV B ]
L ) STw?
$32 END
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SURRALTINE SEEXER(SRNGE,,REFLEC,ERR,ERG)
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DATA TRFLEC /125,57
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- T i G 3 ¢ - e o
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33 1Sel

k1 CACE NTERPTANSTTRS 15 TARGES "87 15 TRFLECY
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36 ‘RRASEMR3STs296 — -

3? 19153 JeUH

k1] T ST 0 T T CALL FINDCILTLOS,19iRRR)

35 CALL FINDUJ,TRAD,6,MS}

L 10} P TIeXETIS I — 09~ T9—20
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L Y- - 20 188ty UHwy
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8% ERA ¢ END/8 /974298
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147 X w1300s°15850101620,015%0,015000018304°31300+912C12°10500057+/
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150 T T T IPITLLTVTEY GO 'Y 2

184 CELP o DELPITe#57,296
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153 IF (ALPHALT0s) CELPeeOELP

158 — e = - - 1R (BETAWLYY0.) OFLYEeDELY

1558 { o ISAVE(])

8§ ~ - == - - e tdavetey b b

187 X w ISAVE(Y)
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160~ ~————-—~ — CalLL FIND{N TMACHL yRFHACKHY - -
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182 - - = (Pt~ INEv -2 SAVE ¢ BY ) —— - 08 70 40
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167 70 CONTINLE
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178 - Ge 70 180

173 1%0 ISAVE(A) o 1
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247 IFty «EQe 1SAVE(12)) Ga 18 370
PhR 36C - ISAVE(12) =
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233 ISAVE(13) e K
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dap:] 1.4 W FURCYTIRTACH G ABRL P PR
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262 CPADaOs
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26é RITURN

268 END
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