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This study is my attemp t to determine if a typical tactical

air—to— ground missile could be employed with a SAR—Retran guidance

system. Most of the investigation was carried out using a digital

flight simulation program, although an optimizing program was

developed in an attempt to maximize launch range.
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• - GAE/MC/76D—6
Abstract

e compatibility of a repre8entative 500 pound weight boost—

glide air—to—ground missile with the trajectory constraints imposed

by a Synthetic Aperture Radar — Retransmission guidance system was

• investigated using a digital flight simulation. A demonstration

flight profile was assumed , with a minimum of 20 seconds of tracking

on the aircraft—to—target line of sight required . A guidance

algorithm was developed which produced satisfactory trajectories.

A first order gradient technique was employed in an unsuccessful

attempt to optimize the trajectories for maximum range. A useable

launch envelope for this missile was determined. The azimuthal

extent of the envelope was limited by radar system constraints to

from the aircraft velocity vector. A maximum slant range of

21 nautical miles was obtained from a launch altitude of 35,000 ft.

Range deter iorated rapidly with decreasing launch altitude, with

5,000 f t  being the lowest altitud e at which. a useable launch envelope

was obtained . Maximum slant range at 5,000 ft launch altitude was 5.5

nautical miles.~~~~~ 
•

- ( 1  
- 

xix 
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PERFORMANCE OF AN AIR-TO-GROUND MISSILE

EMPLOYING SAR-RETRAN GUIDANCE

I. Zntroduction

Background

Synthetic Aperture Radar (SAR) is a coherent , pulse—doppler radar

which is capabl e of finer azimuth resolution than conventional non—

coherent radars. It is also capable of distinguishing small surface

targets from background clutter and can track such targets. With

these capabilities, SAR is a prime candidate for an all—weather guidance

system for tactical air—to—ground missiles. However, the operation of -

•

SAR imposes some unique trajectory requirements on the missile.

SAR attains f ine azimuth resolution by utilizing a relative velo—

city discrimination approach (Ref 1: 4.d.(2)—3) . An array of points

located at the same range R. from an aircraft—mounted SAR is depicted

in Figure 1. Each of these points has -a velocity relative to the

radar antenna of

V V A c05 O (1)

• where VA is the velocity of the aircraft and 0 is the angular displace-

ment of the point from the aircraft velocity vector (squint angle) .
- 

• This relative velocity will produce a doppler frequency shift in the

reflected radar signal of
• 

2VA cos O
• 

- ~ A (2)

(

1
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- Fig. 1 Velocity Discrimination of a Corange Spatial Extent

Thus, a corange linear extent a~ can be described by the doppler

frequency interval between its endpoints

Af d — 
~j 

a~ sin 0 (3)

Because a pulsed—coherent radar utilizes a waveform which is systema-

tically time varying and well defined , it is able to measure these

• incremental doppler phase shifts and thus distinguish between

azimuthal extents esaller than its beam width (aperture) ; hence, the

name Synthetic Aperture Radar (Ref 1: 4.d .(2)—4) . It should be noted

• that SAR requires the aircraft velocity vector to be displayed from

• • the line of sight between the radar antenna and the target of

interest. Therefore, the aircraft cannot fly directly toward the

2
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target but must fly past or about the target.

One technique for guiding an air—to-ground missile using SAR could

be to locate and track the target with an aircraft—mounted SAR and

command guide the missile to the target. Under this scheme, the terminal

accuracy of the sys tem could be no better than the minimum resolution

of the SAR, which decreases as the aircraft ’s range from the target

increases . It would be more desirable to have a convergent guidance

system whereby resolution, and hence accuracy, can be refined as the

missile approaches the target. One way of obtaining such convergent

guidance is through a technique called retransmission ( SAR—Retran) .

With SAR-Retran , the missile is coninand guided into the radar beam

• • while an antenna aboard the missile rece ives the reflected radar signal

and retransmits this signal to the aircraft . When the missile is

squarely on the aircraft—to—target line of sight , the doppler phase

shif t of the retransmitted signal will be identical to that of the

direct reflected signal received by the aircraft ‘s antenna. Now the

SAR—Retran system can “see” the target through the missile ’s antenna

as it tracks the line of sight to the target. As the missile closes

on the target , the system’s resolution increases , concurrently

imptov-ing terminal accuracy. It is important f or the missile to

precisely track the line of sight in the terminal phase, for if it

is displaced from the line of eight , an additional phasà shift will

result (more fuL~y discussed in Section II) causing inaccuracy in

targe t resolution.

The requirement for air craft velocity vector offset causes the

• aircraft—to—target line of sight to rotate about the target as the

I T •r 3
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aircraft flies by. Thus, the missile must• intercept this rotating line

of sight , then 151st track the line of sight for a minimum period of

time in the terminal phase. - • 

-

Problem

• The Air Force Avionics Laboratory is considering available air—to-
• 

• 
ground missiles for flight test and demonstration of the SAR—Retran

system. However, the trajectory constraints imposed by the SAR—Re tran

technique far exceed the original design criteria of the missiles in

the current inventory , Therefore , the aerodynamic compatibility of

these missiles with SAR—Retran must be demonstrated by computer

simulation before flight testing is undertaken (gef 2:1) .

• 
Purpose of Study

This study investigates, through computer simulation, the ability

of a representative boost—glide air—to—ground missile to fly the

trajectories required by SAR—Retran guidance. The constraints which

- 
must be satisfied are:

• 1. A minimum of 20 seconds tracking of the line of sight

• prior to target impact . The missile is cons idered “on”

the lin e of sight when the retransmitted frequency

error is leis than or equal to 8 hz. (Constraints

ispased by radar and guidance system.)

2. Terminal velocity at target impact must be greater than
• 700 ft/sec (minia~~ missile maneuvering speed).

An att pt vs. mad. to amciaize launch range by app lying the results

• 
of a first order gradlant optimization scheme to the guidance algorithm.

4
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Range—altitude envelopes from which the aforementioned constraints can

be satisfied were determined.

Scope

1. A hypothetical missile characteristic of a boost—g lid e

air—to—ground missile will be considered . This missile will be

referred to as the Retran Missile.

2. This study is limited to the aerodynamic performance of

the representa tive missile. It is assumed that all other elements of

the guidance system operate perfectly.

3. The study concentrates on determining the mid—course

trajectories and required guidance algorithms. Tracking of the line

of sight in the terminal phase was accomplished ; however, terminal

guidance and accuracy were not among the goals of this thesis .

4. Optimization of the midcourse trajectory to achieve maximum

• - launch range was attempted. The results of this optimization were

considered in formulating the guidance algorithms; however , the

resulting trajectories are not necessarily optimal for any launch

conditions. -

5. Launch envelopes were determined for demonstration flight

conditions. The target was stationary and the aircraft did not make

tactical maneuvers .

6. The stability of the guidance loop with the missile autopilot

was investigated. Modifications in counnanda and biases provided to

the autopilot were made but the circuitry and mechanization remained

uncha nged from the standard autopilot.

5
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4 i  II. Analytic Formulation of the Missile Fligh t Simulation

The Retran Missile simulation program numerically integrates the

missile equat ions of motion over the time of flight to determine the

time history of missile velocity , attitude, and position . The program

also updates the launching aircraf t ’s position, computes guidance

comands, simulates the missile autopilot to determine control

• deflections , calculates the retransmitted doppler frequency error

and determines when target impact is accomplished. The mathematical

relationships used in the program are presented here , while the

program itself is discussed in Section IV.

Basic Assun~ t ions

The following assumptions are incorporated in the Retran Simulat ion:

1. The target remains stationary.

2. Perfect target tracking is achieved by the radar system.

• 3. The aircraft ‘a radar antenna gimbal angles are physically

limited to ±95 degrees .

- 4. Missile accelerometers and rate gyros are error—free.

-
, 5. Through data link of missile accelerometer and rate gyro

outputs back to the guidance computer aboar d the aircraft ,

• the computer can determine accurate missile position,

velocity , and attitude.

6. Missile roll control operates perfect ly .

6
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- The Missile Model
(.1

The hypothetical missile used in this study will be referred to as

the Retran missile. This missile is pictured in Fig. 2. Its size,

aerodynamic character istics and performance are r epresentat ive of a

boost—glide air—to—ground missile in the 500 lb. weight class.

The physical d imensions of the missile are listed in Table I , the

mass properties are presented in Table II and the thrust schedule of the

two-stage solid propellant motor is given in Table III,

i~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 77

Fig. 2 The Retran Missile
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~~ - Table I -

Physical Dimensions of the Retran Missile

Overall Length (in.) 120.0

• Maximum Diameter (in.) 12.3

Wing Planform Area (in.2 ) 475.0
• (2 Wings)

Control Surface Planform Area (in.2 ) 105.0
(2 Surfaces)

Aerodynamic Reference Area (in. 2 ) .825

Table ll

Mass Properties of the Retran Missile

- (
~~•~ 

Time (sec.) 0.0 0.6 4.5

Weight (lb.) 500.0 460.0 400.0

Cent er of Gravity (in.) 55.0 54.0 52.0

• I,~ (slug— ft2) 2.5 2.5 2.5

I~~ (slug—ft2) 67.0 64.0 58.0

I I tzz (slug—ft2) 67.0 64.0 58.0

Table III
Thrust Schedule of the Retran Missile

• Burn Time (sec.) Thrust (lb.)

1st Stage 0.0-0.6 
- 

9500
- 

- 
2nd Stage • 0.6—4.5 2000

•• Note: Thrust is assumed to be constant throughout
burn time.

8 
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The missile is aerodynamically symmetrical about the longitudinal

axis. Therefore , the normal force and pitch moment coefficients are

• used for bo th pitch and yaw. The aerodynamic coefficient curves are

presented in Figs . 3 thru 11. These coefficients are:

• Cp0 
— Zero lift drag coefficient at sea level

• 
~CDf — Skin friction drag coefficient (corrects CD0 for altitude)

• 
Cc 

— Chord force coefficient with no control

— Incremental chord force coefficient due to control
(C~ + ~CC account for induced drag )

— Normal force coefficient with no control

• CN1 — Incremental normal force coefficient due to control

- 
C~~ 

— Pitch moment coefficient with no control

— Incremental pitch moment coefficient due to control

- Pitch damping coefficient

A block diagram of the missile control system model incorporated

in the simulation is presented in Fig . 12. The system includes two

• accelerometers aligned wi th the Tb and Zb axes and two rdte gyros

aligned in the planes of the wings. A roll channel which generates

dif ferential displacements of opposite surfaces to maintain P 0  is

ass~nned to operate per fect ly and is not modeled in the simulation. A

vertical g—bias acceleration is normally added to the vertical accelera—

• tion command in order to maintain missile traj ector y above the line of

sight in the early part of the flight for terrain clearance (use of the

9
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g-biaa in this study is discussed in Sect ion VI) . A guidanc e delay is

incorporated to allow for saf e separation from the carrie r aircraft.

Thus, no accelerations are commanded for the first .7 seconds and while

longitudinal acceleration is gr eater than 9 • 5 g’ s.

Effective pitch and yaw surface deflections are calcu lat ed . These

• are def ined as

63 — 
—(61 + 63) + (62 + &,) 

(4)

— 
(6~~+ 6 s ) + ( 6 a + 6 ,,) 

,
‘i-.

where 6i,  62, 63 aM 6~, are the actual control surface deflections.

Reference Fra mes

Four reference frames are employed in the Retran Simulation: an

earth f ixed frame , a missile body frame, an aircraft body fra me and an

antenna gimbal fra me • The missile body fra me is f ixed in the missile

• airframe and is obtained fr om the earth f ixed frame by a 3—2— 1 rotation

• through Euler angles ~, 0 and •. This rotat ion is illustrated in

Pig~ 13. Similarly, the aircraft body frame is obtained by a 3—2—1

rot*tion through angles *& 0A ~~~ ~~~ 
The antenna gimbal frame is

obtained from the aircraf t body frame by a 3—2 rotation thr ough angles

r4,n~ and O~~ . The gimbal fr ame X axis is always aligned along the airc raf t

to target line of sight .

Transformations between reference frames are presented in Appendix A.

( The transformations are calculated on the basis of instantane ous angular

re lationship..

16
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Pig . 13 3—2—1 Euler Angle Transformation

U
Equations of Motion

• The Retran missile is symmetrical about its longitudinal axis;

hence , the missile body axes are princip al axes and the moments of

Inertia are 1x~ 1y~ — Izz and I~y — — I~~ — 0. Consequently ,

the missile equations of motion are (Ref 3: 2.24)

m ( ü-VR + WQ) - -mg s i n O + M t + T  •(6)

+ UR — WP) — mg sin~ cosO + A~ (7)

• 
a ( W — U Q + VP) - mg cos~~c o s 8+A 5 (8)

I~~P — L (9)

Iyy~~ + ( Iu tz5)PR 111 N (10)
C

• 152R I ( 1 7y Ixx)PQ N (11)

~ 1

17



These equations neglect the rate of change of mass and moments of

inertia because these rates are small af ter the first stage burnout ,

while no flight maneuver ing is commanded prior to first stage burnout .

The Retran simulation assumes that the autopilot roll channel

operates perfectly in milling roll rate. Therefore , it is assumed that

P 0  and L—O. Incorporating this assumption, the equations of motion

become:

~
j _  

Ax + T  — g s i n O —~~~~+ R V  (12) 
-

•

-
• — + g cosO sine — RU (13)

a

- 

4 — + g cosO cos~ + ~ J (14)

P — a  (15)

t fM + (1zz — Ix~)PR]/Iyy (16)

I — jN + (I~~ — I~~)PQ] /I~~ (17)

- The aerodynamic forces aix! moments are determined by the equations :

• Az — —[CDO +~~Cc + C c +~~CDf J c S (18)

A~ — — [CM2 
— CM1 ~~~ (SC)] q S (19)

— 
- — sgn (63)] q S. (20)

• N — j~~*q ~~~~~~ +%~~~CM s ~n ( 6 B ) ] q S d  (21)

- 

N j caq ~~~~~
— ~~C~~~+C~~~sgn (6~)] q Sd - (22) -

where d is a reference length : d — 1 ft .

()

• 18
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(J Aircraft Maneuvering and Rotation of the Line of Sigh t

Following missile launch, the aircraft is assumed to fly a nearly

• constant -arc about the target, maintaining a horizontal radar gimbal

angle of 85° ±7°. The aircraft initially turns away from the target

until the commanded gimbal angle is reached , then turns on Its arcing

maneuver. The aircraft maintains constant airspeed and altitude. Bank

and pitch angles are neglected, and the aircraft is assumed to

accomplish the turning maneuver through heading change only.

Two parameters which are utilized in the guidance algorithms are

the angular orientation of the line of sight and its rotation rate.

Angular orientation is determined by first calculating the radar antenna

gimbal angles, which could be measured directly in the physical mechani-

zation of the system. These angles are calculated by determining the

position of the target relative to the aircraft in the aircraft body

frame. This position is located by the position vector

XAT iA + Y ~~ ’J A + Z ~~~kA (23)

Prom the geometry of this relationship, as shown In Fig . 14, the gimbal

angles can be determined : -

ZAT
• 8GA — sin 1 (RAT] (24)

• 4in~~~~5in
1 ‘%‘ (25) t[RAT] cosO~~ 

•

Since aircraft bank acd pitch angles are assumed to be zero ,

- • may be added to the aircraft head ing *A to obtain the heading of the
• 

•

(Ti
fr

19
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Fig. 14 Gimbal Angles

line of eight in the earth fixed frame :

*LOS - + TPGA (26)

To determine the rotation rate of the line of sight, the antenna gimbal

angle rates are determined first , as these rates could be measured in

the actual mechanization. The velocity of the target relative to the

aircraft in the aircraft body frame is

d A
(1) - - f [~(1,T) + (UGA. x EAT] (27)

Since the aircraft is flying a nearly constant radius arc about the

ta rget , fr G
(j) can be neglected. Now the angular velocity of the

gimbal frame relative to the aircraft can be determined from the

relationship : -

(.~) -

20
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d A  28¼ W GA x RAT - ~~ (RAT) ~ )

where — bGA Ic + *~~~~~~ 
The gimbal angle rates are therefore:

~
AT (29)

- RATCO~~ GA
.

• 
~~~~~~~~~~

— — 
~~~ 

(

Again, since the aircraft is in level flight , the rotation rate

of the line of sight , defined as the vertical component of the angular

velocity of the line of sight , can be found by adding the horizontal

gimbal angle rate to the turning rate of the aircraft:

- 4’GA + *A (31)

Determination of Missile Position and Velocity- Errors

The distance of the missile normal to the line of sight and the

velocity component of the missile normal to the line of sight are

determined for use in the guidance algorithms.

The distance normal to the line of sight is defined by the

and Z~~ components of missile position relative to the aircraft in the •. •

gimbal frame, as shown in Pig. 15. These are obtained by transformation

from the earth fixed frame

— [ ‘ cx l (32)

( )  
AN

1 

- ;1.
• 

‘.

r • • -
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Likewise, the velocity of the missile normal to the line of sight

is determined by f inding the velocity of the missile relative to the

aircraft in the gimbal frame :

d G
(
_ 

*~[‘ 
(ii] - 1AN ~~~

The vertical and horizontal components of this relative velocity , Y

and ~Z, are then the -velocities normal to the line of sight , as shown

in Fig . 15:

r~i [*AN- ~~~~~ 
+ W

YZAM 1I ~ I — (La] *,~ + - w~Z~~ (34)

Lth ~ Lz~ - WYXAM + WXYMJ ~

~GA ~~~~~~~~~~~~~ 
-

. 

- 
.

. 

- . 

~~~~~~~~~~~~~
I

~~~~~~~~VM •

Pig. 15 Missile Position and Velocity Errors
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The Guidance Algorithms

The guidance algorithms which were incorporated into the simulation

for the launch envelope studies are presented here. Other guidance

algorithms which were tested and rejected are discussed in Appendix E.

How and why these guidance algorithms were chosen is revealed in

Section VI.

Three guidance algorithms were utilized : one to determine

acceleration commands in the vertical plane of the gimbal frame and

two to determine commands in the horizontal plane of the gimbal frame.

These commands were then transformed to the missile body frame before

being input to the missile autopilot.

- 

-

-

The: Vertical Algorithm

- , In the gimbal frame vertical plane, X5Z8, the missile is always

comeanded to intercept and track the line of sight . Acceleration

commands are proportional to the missile’s vertical distance normal

to the line of sight , ~Z , and to its vertical velocity normal to

the line of sight , ê~Z. The algorithm is similar to the algorithm

for a beam rid ing missile discussed by S. Clemow in reference 4

(Ref 4: 48) . A g—bias was added for traj ectory shaping. Note that the

-ver tical acceleration a is commanded in the — direction. The

vertical algorithm is:

23 -
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av — 2~ (k1 .~!—)~~~ ~~~~~~~~~~~~~~~~~~~ (35)

The term It1 !L is analagous to ihe natural frequency w~ of a damped
ttg

second order system, where It1 Is an arbitrary constant, ttg is the

time-to—go to target impact and tR is an arbitrary reference time which

corresponds very roughly to the desired line of sight tracking time.

The factor -~1!’— in effect increases the guidance system gain with
tg

decreasing time-to—go in order to speed system response as the target

is approached. ~ represents the damping ratio of the system. The

values chosen for these parameters are discussed in sections V and VI.

The Horizontal Algorithms

In the early portion of the flight , one of two horizontal

algorithms is employed , the choice of algorithm depending upon missile

- position relative to the line of sight after the first two seconds

of flight. If the missile remains ahead of the line of sight (48!) ,

then the missile is commanded to turn to a heading parallel to the line

of sight . Since the line of sight is rotating toward the missile,

it will catch up to the missile, at which point the guidance system

reverts to command—to—track the line of sight. If the missile falls

behind the line of sight (—8Y) then the command—to—track algorithm

is employed throughout the flight.

U
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The command—to—heading algorithm calculates a commanded accelera—

tion parallel to the earth—fixed XY plane and perpendicular to the

missile longitudinal axis. The acceleration commanded is proportional

to the angular error between missile heading and the heading of the

line of sight:

- 
~~~~~~ [

~It .TR]2 (36)

• CR is a constant chosen to convert the reference time TR into an

equivalent reference range and R~~ is the missile—to—target range,

so that system gain in this case increases with decreasing range to

the target. CT is an arbitrary proportionality constant. Again,

discussion of the values chosen for the constants is presented in

( 
sections V and VI. ahT is transformed into components ax8 and ahg

— 
in the gimbal frame.

- 

The horizontal command to track algorithm is similar to the

vertical algorithm except that in place of a g—bias term a feed —

forward rotational bias term is Included . This term provides the

acceleration required to maintain the missile on the rotating line of

sight with zero displacement error. The algorithm is

• , ah - -2C (It1 .~~~~8* 
_ (kl .

~~~
)2 8 Y + ( 2zo:VM 

- 
RlcrV~~Z 

~

The bias term was determined as follows, assuming that the missile

is established on the line of sight in the horizontal (XgYg) plane as

- • in Fig. 16. The lateral acceleration required to maintain the rotating

line of sight is (Ref 5: 4.d.(1)—3):

25

I..



- -

U 

7

-

-’ 
-
.

~~~AIRCRAF ~~.

- 
Fig. 16 Lateral Acceleration Required to Maintain Rotating Line of

4 - Sight

Lo — ( n~z + 2i~~W~ ) cosO — (R~j~ — 

~,crwz2) sii* (38)

substituting C054) !! ~ and sin0 — _____

-
- P~ft ñ~ç~4~ + 2i~~

2wz - I~M~1~Z + RMT
2WZ

3 
(39)

V~ .

Since the aircraft is flying a nearly constant speed arc about the

target , we can neglect ~~~~. If we also assume + and 4’ are email , such

tha t R~ç~ — VH and VM, the acceleration required becomes

L0 ’ 2 V
~~~~~~~~~~~~

1 4 ) 2 (40)

Transition from the command—to—heading algorithm to the comma nd—

to—track algorithm is made at the point where the damping term in the

( ‘- command—to—track algorithm reversea the direct ion of the acceleration

II 26
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- 
command to slow missile closure on the line of sight so that a smooth

interception is accomplished.

Retransmitted Signal Frequency Error

When the missile is displaced from the line of sight , the retrans—

..itted signal travels a path different from the direct reflected path.

lecause the angular relationships involved in the retransmitted path

are different than the direct path , an error is introduced in the doppler

shift of the r~’transmitted signal. These angular relationships are

- 

~
- shown in Pig . 17. The error is

- 

~~d 
— I~d1 

— 

~d2~ 
(41)

where the doppler frequency of the direct reflected signal is

— -
~~~ 

[2VA coa01] (42)

and the doppler frequency of the retransmitted signal is

— .
~~~ 

(V~co5Oj + VMcos8l — VMcos8Z + VAcos$2] (43)

The angles 
~i, 

02~ 81, 
and 82 are defined in Fig. 17. A A = .1 foot

is ass~med (X-band radar) .

~~ TARCET -
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flg. 17 Retransmitted Radar Signal Path
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• III. Development of the First Order Gradient Optimization Algorithm

A first order gradient algorithm employing penalty functions was

developed in an attempt to opt imize the missile trajectory for maximum

range. The algorithm is similar to the gradient algorithm employed by

- Anderson and &nith in reference 6 (Ref 6: 230), which follows the

technique described by Kelley in reference 7 (Ref 7: 205—254) .

The algorithm, as applied to the SAR—Retran problem, is designed

to determine the optimal set of acceleration commands ah and av which

produce the trajectory yielding maximum range. The steps used in the

algorithm are as follows:

1. The state equations 1(t) are integrated forward, using

- crvnin*nds calculated by a guidance algorithm similar to the one employed

in the Retran simulation, These commands are stored. Forward

integration is terminated when the missile intercepts the line of

- sight (within 50 feet). This yields 1(t) and an estimate of the

- final time t f. 
-

2. The payoff function J , including penalties, is calculated.

: 3. The adjoint vector 5(tf) is found from

~~(t~) — - 

~~~~~~~~~~~~ tf 
(44)

4. The Hamiltonian is calculated:

B —  ~r .t (45) 
-

-

‘

~~~~

- 
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5. The following differential equation

— — i)Ii/è X (46)

is integrated backward to to, using the states obtained from the forward

integration. The controls determined from step 1 or the previous step 6

are used . Simultaneously , the gradients ~~~(t) and (t) are

calculated and stored.

6. The incremental corrections to the acceleration commands are

6ah(t) — (t) and 6a~(t) — (t). With

— % (t)~~~ + .Sah(t) (47)

— a..~,
(t) 0i~ + ~a~(t) (48)

• an alpha search is performed to minimize S with respect to a. The new

a,~(t) and a (t) are stored .

7. Using the new controls resulting from step 6, the state equations

are again integrated forward to the stopping condition and steps 2 through

6 are repeat ed. This process is carr ied on until 3 is minimized within

the desired tolerance .

The Missile Model

To facilitate the use of the gradient technique , a simplified

missile model was developed . Rotational dynamics of the missile wer e

ignored . The missile vas assumed to maintain zero bank angle throughout

the flight. Aerod ynamic coefficient curve s were approximated by cont inuous

functions . ~ia11 angles were assumed for a and B and control deflect ions

j ( - were neglected , except -in the determinat ion of 8Cc.

- 
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(3 Equations Of Motion.

Incorporating the above simplifications , the vector equation of

the missile is -

- &B~~~~yB + A ZB + T ~~~~ 8 (49) -

which yields the scalar equations

— ~ t(A~+T) cosacosB + A~ sin8 + A~ sinacosB] 
— g a m y  (50)

~
V
~
cosa ~ [—(A~-fT) cosasmn8 + At,

, cos8 — A~ 
sinczsin8j (51)

— I [—CA ~+T) sinct + A~ 
cosa] + g cosy (52)

Aerodynamic Forces

The aerodynamic forces are determined from the relations

Sq !~Do + C~ + t~iCc + A~Df 1

- A~ - -Sq 
~~~2 

- CN agn (6c)l (54)

A5 — —Sq (CN2 
— CN1 

sgn (63)] - (55)

where S is missile cross—sectional area.

Continuous functions approximating the aerodynamic coefficients were

obtained by a least—squares fit to the coefficient curves (using

APITSUBROUTINE PLSQ) . These curve fits are illustrated in Fig.. 18

through 21. Note that C~ is assumed to be Zero (valid for M — .8) ,

• - 
C,g is assumed to be zero (valid for 6 0) and the AC~ curve selected
1
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is the curve for 6 — 40 , which is approximately the average value of

control deflection observed in simulated flights. The following functions

were obtained; 
- 

-

— —51.658Mw + 380.974116 — ll5l.244}1~ -+ 1844.33211” (56)

—1689.78lM~ + 885.88211
2 

— 246 .298M + 28.250

~CC = —(2.851 x 1O~~) ~~~~~~~ 
— (1.829 x lO s) csr + 8.571 X iO~~ (57)

where /a’ +8’ (deg)

~CD — — (7.406 x 10 12 )(— Z) 2 — (1.079 x 10 7
) (—Z) — 8.878 x i0 5 (58)

— 20,l a 
- (59)

where a is expressed in radians.

Thrust and Mass.

Thrust is obtained directly from the thrust schedule in section II.

Time of Burn (see) Thrust (lb.)

- 0.0—0.6 9500.
0.6—4.5 2000.

Mass is represented as a linear function between the stage burnout

masses.

M — M
~ 

— C1t + C1 <t—t 1> — C2<t—tj> + C2<t— t2> (60)

- 
- where the stage burnout masses are

(
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time (sec) 0.0 0.6 • 4.5

mass (slugs) 15.2 14.4 12.4

(Note that <t— t0> indica tes a singularity function which does not become

effective-until t>t0).

- Control.
ft The independent controls in this algorithm are the acceleration

commands in the missile body axes , a~ and av,. In the simplified missile

model, it is assumed that the autopilot delivers sufficient control

deflection to obtain the commanded accelerations, within the autopilot

limit of ±20 g’s. The lateral equations of motion can then be written as

- • 

— .1 I— (A~+’r)cosasin8 + A7 cos8 — A5 sinasinBi (61) 
-

• a~ = 1 f(A5+T) sincz — A5 cosa] —g cosy (62)

* Assuming small angles for a and ~

am a —  a cos a~~ 1 
-

sin B~~’ B cos B 1

and neglecting the terms containing a and B as compared to the other

terms, the equations of motion can be approxima ted as

— 
—Sq(20 .18) 

(63)m • m

~v. 
— ! !— g c o sy = —Sa (20.la) —g cosy (64)

Assuming that the a and B necessary to attain the commanded accelera— 
-

ticus may be obtained instantaneously (since the change at each time

step is normally very small) , a and B may be approximated by the following
rela tionship : -

r34 - HI
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(32.2 av + g cony) in 
-

- 

U 
20.l Sq • (65)

B ,. ..(32.2 ah)m - (66)
20.1 5q

a and B are restricted to a maximum of ±20 degrees, which is consistent

with the maximum values observed in a inulated flights .

Atmosphere

The atmosphere is modeled according to the 1959 ARDC standard

atmosphere.

Temperature: t — —cz~ + C1

— .003566Z + 518.69 °R (67)

• 
Density: p C2T ‘~~~iI(~:

— 6.3806 Z 10~~ t~~~~~
26 (68)

: Mach No: M - _ _ _ _ _

— .0204 (69)

The. State Equations.

The state equations consist of the three equations of motion

- - 
— 

~ 
[(A~+T) cosacoaB + A~ sin8 + A5 sinucoaB] —gam Y (70)

inV~cosy [—(A5+T)cosaain8 + A7cosB - A5sincisinB] (71)

- — —
~~~~~~ t—( A~4~r) s in a + A5 cosa ] — ~~-— cosy (72)

and the three kinematic relationships

(Th 

-
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I • V~ C0*ycOs* • (73)

I — V~ cosy.in4, (74)

Z — =V~~siny (75)

The forward integration of the state equat ions follows this

sequence :

1. Flight i~ initialized at t 1.0 seconds to avoid complications

introduced by the safe separation delay. Initial parameter values were

obtained from the Retran simulation at the end of the first second of

flight for each of the launch positions investigated. ah and av are

initialized at zero.

2. Atmospheric, mass and thrust quantities are determined .

3. a and B are determined .

4. Aerodynamic forces are calculated.

5. Missile equations of motion are integrated .

6. Kinematic equations are integrated. -

7. The state values are stored

8. A test is made to determine if the stopping condition has been

reached • The stopping condition is defined as (X-X~~~) 2 + 
~~~~~~~ 

2 +

• (Z—Z~~~) 2 ( (50)2 where XLOS , ~~~ and kos are the coordinates of the

point on the line of sight at the same range from the target as the

missile.

9 • If the stopping condition has not been reached , then for the

initial forward integration , new guidance comaands are calculated using

the guidance algorithms . For subsequent forward integrations , the stored

values of 5h and a~ are used. -

~: ~~ 

k --’ -

5 - 
- 
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10. Steps 2 through 9 are repeated until the stopping condition is

achieved .

Payoff Function and Penalties -

Missile range is primarily limited by the necessity of achieving a

minimum value of terminal airspeed at target impact . Thus, any

trajectory that maximizes range must maximize this terminal airspeed .

Consequently, the negative terminal airspeed , ~VT, was chosen as the basic

payoff function; the algorithm will attempt to minimize —VT, thereby

maximizing VT. However, in order to avoid complications imposed by line

of sight tracking in this program, the flight is terminated when the

line of sight is Intercepted and tracking of the line of sight to

the target is assumed. Prom the results of the Retran simulation, it

appears safe to assume that the further decrease in airspeed while

tracking the line of sight can be approximated as a function of range from

the target ; i.e.,  the terminal velocity can be represented as

VT — V~~ — (k01 ‘(f
2 + k 02 Rf) (76)

where V141 is the missile airspeed at line of sight - intercep t and Rf is

the range to the target at the point of interception. The basic

payof f function is the refore

J~~~—V14f + k 01 Rf
2 + k 02 Rf (77)

The values of k~~ and I~o2 were obtained by a least squares fit of the

velocity versus range profile obtained from the Retran simulation for a

missile tracki ng the line - of sight. Profiles were obtained for launch

- altitudes at 35,000 fee t and 20 ,000 feet to account for the chan ge in

37
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(3 inclination of the line of sight with varying altitude • The curve fits

to these profiles are illustrated in Pigs. 22 and 23. The values of

- 
- ~~~ ~~ 

obtained were, for the 35,000 foot launch altitude:

k01 — —2.700 x i0~~

Ic02 — 3.395 x

- and for the 20 ,000 foot launch altitude:

k01 — 2.815 x

k02 — 3.031 x 10~~

Note that the function representing the decrease of airspeed on the line

of sight is analagous to a penalty function which penalizes the missile

for intercepting the line of sight too early if lover drag could other-

wise be achieved .

In order to track the line of sight following intercept , the

missile must be generally aligned with the line of sight; otherwise,

high g maneuvers are required to align the missile ~ resulting in

increased drag . To account for this extra drag , penalty functions were

Included to penalize the missile for beading errors at line of sight

int ercept . The heading tolerances wer e established as

o ~ $f 4 I ~~g 
< 10

0 ~ ~ff — e ~~5 ~. l0’
- . -

Likewise, a penalty funct ion was added to penalize the misaile for

-
• 

- 

intercepting the line of sight at too short a range to provide adequate
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tracking t ime. The range tolerance was established as

Rf > 16,000 f t

to allow a minimum of 20 seconds tracki ng time at an average missile

— airspeed of 700 to 800 ft/sec.

The resulting payoff function, includ ing penalties, is
- 1

- 

~ Mf + k0jRf + kQ2Rf + ~ kl(*f-!Itos)
2

+ k2 (
~r

0Los~
2 + k~ (Rf ’16 ,000.) 2 (78)

The values of k1, k2, and k3 were chosen through a sensitivity

analysis which is discussed in section V. 
-

Adjoint Vector. Hamiltonian and Backward Integration

The adjoint vector is defined as

— dJIêi tf (79)

where 
~j/~j — [)J/a v 13/H, ~J/~y )J/~X ~J/~3Y IJ/~Z1

This vector is calculated using the final condit ions obtained from

forward integration of the state equations. 
-

The Bamiltonian is defined as

H ~~~~~~ (80)

The differential equation

— —~H/~) (81)

where
— (<~H/~~V )H/J * ~H6~ y ôH/J X è H/J Y ~HI.) Z]

is integrated backward , along with the state equations , to obtain r(t)

and 1(t) . The X(t) and the controls ah(t) and a~ (t) which wer e calculated

- 
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and stored during the forward integration Qf the state equations are

used:1p~~~i$ calculation .
- 

Having found ~ (t) and ~ (t) , the gradiehts (t) and (t)

can be determined and stored .

Alpha Search

The adjustments to be made in the controls in order to improve the

solution are 6 aj~(t) — —ccj ~~ Ct) and 6a
~ Ct) — —otzJ~~ (t). In order to

determine the value of a which will minimize the solution at this

iteration, a one—dimensional alpha search is performed to minimize J

with respect to a. Raving determined a, the new acceler ation c~i.m~nds

are calculated and stored :

a,~(t) — % (t) j.d +

a~(t) — aV (t) Old +

Using these new comeands, the state equat ions are again integrat ed

forward to obtain a new solution and the iterati on is rep eated.

Algorithm Termination

The algorithm terminates when further iterations will make

negl igible reductions in the payoff . This point is determined when

successive payoffs are within a chosen tolerance of one another ; a

tolerance of .OlZ was employed.

- 

- 
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U IV, Programming -

Progrem Retran

Program Retran is the Retran missile simulation program. It is a

modification of a Maverick missile five degree of freedom simulation

program which was developed by Mr. Merril Eabbe of the Air Force

Avionics Laboratory . The Maverick missile data and parameters were

replaced by the Retram missile parameters, and the algorithms necessary

to represent the launching aircraf t and to incorporate SAR—Ret ran

guidance ware included. A Calcosip plotting routine was added • The

program is written in FORTRAN Extended, Version 4 , for use on the CDC

6600-CYBER 74 computer system. A source program is attached as

Appendix. B.

(

Tb. program employs simple Euler numerical integration. Time

steps of les. than .05 seconds were found to yield reasonable accuracy

(within 52 of results using a very small time step of .005 seconds) ;

the time step is reduced by a factor of 10 in the f inal -10 seconds of

flight for increased accuracy in the critical terminal phase. The

program contains an abbreviated ABDC 1959 atmospheric table and

tables of aerodynamic coefficients for the missile.

The coefficient tables were obtained from the coefficient curves

shown in Figs. 3 through 11. Thrust and mass parameters are also

tsbularized. A look—up routine employing linear interpolation is used

to extract values from these tables.

Flight par ameters are initialized at to — 0. 
- 

Data is inpu t on

thre. cards (required input is explained at the beginning of the

L 42 
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program listing in Appendix B) and includes aircraft position coordi-

nates, Euler angles and velocity componen ts at launch, together with

target position and velocity (however , the program as listed assumes a

stationary target and ignores input target vel ocity) . The missile

parameters are initialized to the aircraft parameters at launch.

- 
The program terminates when the missile passes through target

altitude or when a specified maximum flight time is exceeded . Output

data is printed during the flight; these data are explained at the

beginning of the output listing, a sample of which is contained at the

end of the program listing in Appendix B. By setting the proper integer

flag, aircraft and missile position coordinates are punched on data

cards. These can be utilized with a separate plotting routine to

produce multiple trajectory plots such as those presented in section V.

Setting another integer flag will, produce the following Ca].comp plots:

1. Plan view of trajectory

2. Ver tical profile of trajectory

3. Acceleration commands vs. time

4-. a and B vs. time

5. Deceleration due to aerodyi~amic drag vs. time -

6. Re~ra nsmitted frequency error vs • time

7. Missile distanc e normal to the line of sight for the final
20 seconds of flight -

Examples of these plots may be seen in Section V and Appendix D.

Meltiple flights may be simulated in one input run by including

the appropriate number of data cards.

-

. 
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(3 Program Optraj

Program Optraj is the first ord er grad ient opt imization progr am .

This program is also wr itten in FORTRAN Extended , Version 4, for use

- on the CDC 6600—CYBER 74 computer systen . A source program listing

is attached as Append ix C.

- This program utilizes simple Euler numerical integration. Time
- 

steps of .5 seconds were f ound to yield satisfactory results. Flight

parameters were initialized at to — 1.0 seconds. Dat a is input on 6

cards (re quired input is explained at the beginning of the program

listing in Append ix C) and includes aircraf t and missile position coordinates ,

- 
- Euler angles and velocity components at to, together with init ial values of a

and 8. The penalty function coefficients are also input.

- 

- 

The program terminates when successive payoff values lie within

a designat ed tolerance of each other. The prog ram may also terII(n~te
- if an initial solution is not obtained or if improvement -of the initial

solution cannot be made. A message is printed for these abnormal

-r terminations. The following output dat a is printed duri ng the optimiza-

tion process:

1. The missile velocity and position, velocity and distance normal

- 
to th. line of sight and acceleration commands (in missile body axes)

- 

are printed for the initial trajectory and again for the optimized

- - 
trajectory. Only final values are printed for the other forward

-~ 

- 
integration , of the state equations. 

-

- - 2, The value of the payoff function and the calculated terminal

- ~
- -

• 
velocity are priat.d for each forward integration. The angular errors

- - and r~~~e error at lin, of sight interception are also printed.
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3. The valu es of~~~~ andy are printed for each backward

integration.

4. The alpha values and payof f values are printed f or each alpha

search.

Printed output for the Optraj program can be seen in Appendix P.

A number of Calcomp plots are drawn at the completion of the

optimization process. These plots present the initial curves and

optimized curves for the following parameters:

1. Trajectory plan view

2. Traj ectory vertical profile

3. 5h
~

5. a

6. 8

~~~• ‘II
8. LY

Ex~~~les of these plots may be seen -in section V.

P Only one trajectory may be optimized on an input run.

Validity of Program Results 
-

Retran Simulation. Because the Retran missile is a hypothetical

vehicle, no flight data is available to validate the results of the

simulation. However , the Maverick missile 5 degree of freedom simulation

upon which this pr ogram is based has been successfully val idated agains t

flight test data , Mu le the performance of the Retran missile differs

45
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f ( fron that of the Maverick , the simulation r esults appear to be reasonable

in the light of the Maverick simulation results. Unfortunately, the

Maverick simulation results are classified; therefore, a direct

— c~~~arison cannot be presented in this report.

Optraj Optimization. An attempt was made to validate the performance

of the Optraj progr am by obtaining the same optimal solution from tuio

widely differing initial solutions. However , it became apparent from

these attempts that numerous, relatively closely spaced local minimums

were encountered in the payoff function. Since the first order

gradient technique will converge on the local minimum within the same

range as the initial solution, the pr ogram converged on different

optimal solutions f or widely differ ing initial solutions. In order -

to obtain convergence on the same optimal solution, the initial

solut ions could differ only slightly.

- Because the trajectory changes made by the optimization algorithm

werf too slight to duplicat e in the Retran simulation, the effects

of the optimizat ion could not be validated in the simulation.

- . 
-
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V. Results

Guidance Algorithm Selection

Several guidance algorithms were tested in the Retran simulation

in order to select the algorithms most suitable for empicyment of the

missile with SAR—Retran guidance. The algorithms which were rejected

are discussed in Append ix E, while discussion of the algorithms

presented here may be found in section II. The algorithms selected

were:

vertical command—to—track :

— 2~ (k1 ~R ) ~~~ +[~
ki 

t~~~
}2 1~Z + 

~bias

horizontal command—to—head ing:

rcR tRl 2
ahT ~~ ~~~~~~~~~~~ 

- ~ L 1
~ r i

horizontal command—to-track:

tR . tR 2WZVM R~~VMWZ
- -2C (k1 .~ _ ) A Y - ( k 1~~~— ) ~~Y +  g - gv~tg g

The coefficient values selected for these algorithms were

tR — 20.0 seconds

— .249

— .50

8bias — 1.0

- -  Cr 25.0

.
~~~~~~

• 

1_ I. 
1000 ft/sec
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(.) - Horizontal and vertical trajectories produced by these algorithms

are presented in Figs. 24 and 25 for a Long range medium squint angle

launch (squint angle is the angle between the aircraft velocity

vector and the line of sight).

Performance par ameters which were considered important in the

selection of the guidance algorithms were the schedule of accelera—

tions commanded by the algorithms, the time histories of angle of

attack a and sideslip angle B, the profile of deceleration due to

aerodynamic drag and the missile distance errors in the terminal phase.

The retransmitted frequency error was also considered, as maintenance

of this error below 8 hz was the criteria for line of sight tracking.

These performance parameters are presented in Figs. 26 thru 30 for

the long range medium squint angle launch. Parameter plots for

launches from different altitudes and ranges may be seen in Appendix D.

Traje c tory Op t imization

An attempt was made to optimize the acèeleration command schedule

to produce a trajectory yielding maximum range. An initial squint

angle of 45 degrees was chosen for the optimization , with launches

made from altitudes of 35,000 ft. and 20,000 ft. Initial trajectories

were obtained using essentially the same guidance algorithms employed

in the Retran simulation, although the Values of Cr, tR, C, and

were varied slightly in order to achieve trajectory shapes similar
-

to those obtained from the simulation.

(
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A sensitivity analysis determined that penalty function values

of — 1000. , k2 = 1000., and k3 1.0 x l0 ’ would yield satisfactory

solut ions.

The first order gradient algorithm dir ected only small changes
— in the acceleration command schedule before reaching a local minimum

- of the payoff function. The resulting trajectory changes were

negligible, as were changes in the performance parameters. Plots of

the init ial and optimized trajectories and performance parameters

for the 35, 000 ft. launch are presented in Figs. 31—39. For this

launch, the payoff function was improved from 3 — —731.88 to

J —731.89, with terminal velocities of 771.78 for the initial

trajectory and 771.79 for the optimized trajectory. The trajectories - - • - I

and performance parameters for the 20,000 f t .  launch are presented in

Figs. 40—48; here, the payoff function went from 3 —307.49 to

J —307.57, with terminal velocities of 452.89 and 452.96.

Because the trajectory and performance parameter changes were

too sm all to be distinguishable on the Calcomp plots , the output

- listings for these two program runs are included in Appendix F.

Launch Envelope Determination 
-

Using the algorithms selected through the simulation investigation,

the launch envelope for the Retran missile was determined. The criteria

used in determining a successful launch were:

1. Minimum terminal airspeed of 700 ft/sec.

2. Minimum tracking time on the line of sight (Afd < 8 hz) of

20 seconds. 
-
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Simu lated flights were made to determine the maximum and minimum

ranges obtainable at a given initial squint angle. Squint angles of

150, 30 , 45° , 60°, 75° , and 90° were investigated, with launches

made from altitudes of 5,000 It , 20,000 ft  and 35,000 ft .  Thus ,

three sets of planview launch envelopes were obtained — one for each

launch altitude. The launch envelopes are shown in Pigs . 49—51 as they

would appear relative to the aircraft; these figures indicate that

any target lying within the envelope corresponding to aircraft altitude

could be successfully struck by a Retran missile. A dif ferent view

of the launch envelope is presented through Pigs . 52—57 . These show

the planview trajectories for maximum and minimum range launches at

each of the three launch altitudes, thus together they indicate the

size and shape of one—half of the launch envelope relative to the

target .

Note that the min-( ’mnn squint angle of 15 degr ees was chosen as

a practical minfimim value at which target acquisition and tracking

would be accomplished by the SAR—Retran system. This is not

necessarily a missile limitation, although no launches were attempted

from lower squint angles. Likewise-, 90 degrees was the maximum

practical squint angle obtainable with the aircraft giwhal system.

35,000 ft  was taken as the maximum operational altitude for a loaded

fight er aircraft, while 5000 ft appearS to be the minimum altitude

from which a useful launch envelope can be obtained due to missile -

range limitation..

; 
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VI . Discussion of Results

Guidance Algorithm Selection

The guidance algorithms were selected on the basis of missile

performance obtained in the Retran simulation. Several algorithms

were studied , with primary emphasis placed on obtaining maximum range.

Preliminary investigations had been made by the Air Force Avionics

Laboratory utilizing algorithms that were similar to the command—to-

track algorithms. At low initial squint angles (below 30 degrees) , —

where the missile initially falls behind the line of sight , these

algorithms produced a long curving flight path, as can be seen in

Fig. 97 . The first algorithms tested in this study produced a straight

line path to the line of sight intercept, then a relatively high—g

(4 g’.) turn onto the line of sight (these algorithms are discussed

in Appendix E). Flight tin. and flight distance were reduced; however,

the drag penalty incurred during the intercept turn rea~lt ed in lower

terminal velocities than had been obtained with the command-to-track

algorithms. The algorithms were modified to reduce the turning angle

required at line of sight Intercept , but termina l velocities were

still low.

The desirable feature of the command—to--track algorithm for low
— 

- to madium squint angle launches is that , with proper selection of

frequency coefficient and damping ratio , a fairly unif orm schedule of

low—g commands can be achieved , keeping angle of attack and sideslip
• - - - 

- 
angl. low throughout the flight. Consequent ly, a smooth deceleration

- 
I due to drag was maintained , with no sharp airspeed losses (se. the

‘_) -

- 
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parameter plots in Appendix D). However, at high initial squint angles

(greater , than 45 degrees) where the missile accelerates out ahead of

• the line of sight , the conmiand—to—track algorithm commands large

accelerations (6—9 g’s) in the initial turn, then directs a fairly

large intercept angle back to the line of sight which necessitates a

high—g (10—15 g’s) turn onto the Line of sight. At very high squint

angles, the accelerations required can exceed missile maneuvering

capability.

To achieve satisfactory trajectories from high squint angles,

• the command—to—heading algorithm was added . With proper choice of the

turning coefficient 0~, the schedule of acceleration coinm~nds can be

kept uniformly low. The missile is commanded to turn to parallel the

line of sight, with line of sight rotation toward the missile providing

the closure rate. Since this closure rate is relat ively low, a smooth

transition to the command—to-track algorithm can be made , with no large

accelerations required . 
-

Launches from minimum ranges present a different problem. Rare ,

large accelerat ions are required to achieve early interception to the

line of sight so that minimum tracking time can be attained. These

large accelerations are obtained by scheduling the gain of the c~~~~~nd—

to-heading algorithm proportional to the inverse square of missile-to—

target range. Likewise, the frequency of the command—to- track

algorithm is calculated proportional to the inverse of time—to-go to

— 

- 
target impact , thus speeding response at shorter ranges. Range was

chosen for gain scheduling of the command—to—heading algorithm because

~~ the large angle between missile velocity and the line of eight during
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initial ~nployment of this algorithm makes time—to—go an unreliable

indicator .

The coefficient values tR, K, and Cr were chosen to yeild a

fairly uniform schedule of acceleration coninands throughout the

t flight. The value of the range conversion coefficient, CR 0 was chosen

as 1000 ft/see, which corresponds roughly to the average missile

airspeed during the initial turning portion of the flight.

The damping ratio ~ .5 was the highest damping ratio tha t did

not produce large acceleration conmiands during the transition to the

horizontal command—to—track algorithm. This same damping ratio was

utilized in the vertical algori thm and produced smooth convergence

to the line of sight after only one overshoot in both the vertical and

horizontal planes (this can be seen from the distance error plots in

Appendix D). This smooth convergence was obtained by not allowing

the algorithm frequency to increase beyond 5 seconds time—to-go; if

frequency were allowed to increase without bound , the missile

trajectory became erratic in the final seconds of flight. In the

actual guidance systen, a larger damping ratio would probably be

desired in the terminal phase, with no limitation on maximum frequency

in the algorithm. Bowever, it was felt that the t erminal accuracy

obtained with ~ — .5 was sufficient for the purpose of this study.

A g—biaa of lg produced the desired trajectory shaping for terrain

clearance, as can be seen in the vertical t rajectory profiles.

Autopilot Compatibility

One of the goals of this study was to determine the stability of

the guidance loop with the roll atabiliaed autopilot of the Retran

p
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L~) missile. Initially, the autopilot g—bias was set at lg and guidance

commands were not transformed to the missile body frame ; that is, it

was assumed that the missile body frame was sufficiently aligned with

the gimbal frame. This is the configuration in which the Retran

missile autopilot would be amp].oyed with conventional sensors and

guidance (laser, electro—optical, etc.). However, in the turning

trajectories required by SAR—Retran, missile bank angles greater than

30 degrees were frequently encountered. These large bank angles

caused sizeable errors in the orientation of the resulting missile

acceleration. Thus, missile response to guidance co~mnands was erratic

and sometimes uncontrollable.

To eliminate this erratic behavior, the autopilot g—bias was set

to zero and a g—bias was included in the vertical guidance algorithm.

Guidance co~mands calculated by the algorithms in the gimbal frame

were transformed to the missile body frame, so that no matter what

missile bank angle was, the resulting accelerations were properly

oriented in the gimbal f rame. With these modifications, no further

problems were encountered with the missile autopilot .

Trajectory Optimization

The attempt at trajectory optimization using the first order

gradient algorithm was largely inconclusive. The problems which were

encountered are enumerated here.

Obtaining satisfactory initial trajectories was difficult with

the simplified missile model. Since instantaneous response was ass*mied ,

missile performance and , hence, accelerations command ed by the guidance

77
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t algorithm fluctuated extensively. Trajectories achieved in the simula-

tion could not be duplicated in the initial solution, but reasonably

shaped trajectories were obtained.

A sensitivity analysis was carried out to determine what values

should be assigned for the penalty function coefficients. It was

f ound that a value of K3 > 1.0 x 10 6 caused the values of (t) and

(t) to become very large, while values smaller than 1.0 x 10 6 had

little effect on moving the solution toward longer range intercept

points. Thus, K3 — 1.0 x 10~~ was chosen. Similarly , it was detetinined

that values of K1 and K2 larger than 1000. had little increasing

effect on the heading error ; in fact, an Improvement of 10% in heading

error was the maximum which could be achieved and this was obtained

using K1 and K2 equal to 1000.

In the first order gradient algorithm, the solution converges

to a local minimum. In the Retran problem, local minima of the

payoff function were encountered with only minor traj ectory changes.

Widely differing initial solutions converged to different optimal

solutions , with similarly small trajectory modifications. Because of

• the occurrence of numerous local minima in the function, it could not

be concluded that any of the resulting trajectories were optimum,

indeed, the optimal trajectory could only have been obtained by inputting

an initial solut ion already very close to the optimum solution.

Since the guidance algorithms and coefficient values previously

selected yielded highly satisfactory results , these algorithms were

• used unchanged for the launch envelope determination.
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Launch Envelope Determination

The extent of the usable launch envelope was determined by finding

th. maximum and minimum range launch points from which the missile

could satisfy the constraints of minimum terminal airspeed and

minimum line of sight tracking time. Maximum launch range was

limited by the airspeed constraint; a terminal airspeed between 700

ft/sec and 750 ft/sec was chosen as criteria for a maximum range

launch. The tracking time constraint was always satisfied for maximum

range launches. Minimum launch range was limited by the tracking

time constraint. Terminal airspeed was sufficient in all minimum

range launches.

It was felt that launch points can safely be interpolated between

the test points used to determine the launch envelope boundaries,

although no thorough investigations of launches from points within

the envelope was undertaken. This hypothesis was never contradicted

by any of the intermediate range launches that were attempted in

the process of determining the launch envelope boundaries.

One common feature among the 20,000 ft and 35,000 ft launch

envelopes is that missile flight path angles were such that the

• missile maintained an almost constant airspeed of 750 ft/sec —

775 ft/sec during the latter tracking phase of the trajectory.
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VII. Conclusions and Recommendations

Conclusions

Based on the performance of the hypothetical Retran missile,

it appears that the SAR—Retran guidance system could be demonstrated

using an existing boost—glide air—to—ground missile. A large launch

• envelope is achievable at high altitude, thus providing good stand—

off capability. However, the launch envelope becomes very narrow

at a launch altitude of 5000 ft; thus, this appears to be the minimum

altitude for successful operation.

The missile autopilot can be made compatible with SAR—Retran

guidance by eliminating the g—bias from the autopilot and , instead,

including this bias in the guidance algorithm. The guidance commands

must be resolved into the missile body frame before being input to

the autopilot.

The first order gradient technique, as applied to this problem,

produced inconclusive results. Although it indicated that only

minute trajectory changes were required to achieve a local minimum

in the payoff function, the solution to which it converged was not

necessarily an absolute minimum.

Recommendations
I

. 
The effect of aircraft post—launch.tactical maneuvering on

missile performance and launch envelope should be studied. A

maneuvering aircraft could be included in the Retran simulation.

The effect of maneuvering targets, such as a tank or truck,

• 

- 

should be investigated . 
•
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A higher order optimization technique might be employed to

optimize missile trajectories for maximum range.

In view of the range limitation of present air—to—ground missile,

as represented by the Retran missile, particularly at low altitude,

performance specifications should be developed for new tactical

missiles to be employed with SAR—Retran.
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• Appendix A

Coordinate Transformations

The following coordinate transformations are utilized in both

the Retran simulation and the Optraj optimization program. The order

of rotation from the earth fixed frame to the missile and aircraft

body frames is (Ref 1: 2.16)

1. Yaw

2. Pitch 
~
0’0A~

3. Roll (4~,+A)

The order of rotation from the aircraft body f rame to the gimbal frame

• is

r 1. Yaw (*GA)
• 2. Pitch (O~~)

Earth Frame to Aircraft Body Frame

XA X

— t$Al (Okl t*Al (85)

• ZA Z
— __

—— X

Y (86)

• 
• Z

where

S*AC8A ~SOA

• (LA1 — C*ASOAS$A — S*AC•A S*ASOAS A + C*AC•A COAS$A (87)

1 
C*ASOAC~A + S*AS A S*ASOAC•A - C*AS•A C9AC~A
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Aircraft Body Frame to Earth Frame

X XA1
Y — 1*Ar’ ~

0
A1 ~ A1 

‘
~A J (88)

Z ZAJ

• 
• rxAl

— (La] ~~~ 
(89)

LZAJ
• where 

—

C*AC 0A C*AS OAS A - S *AC ~A C*AS eAc,A + S *AS ~A
[La] - S *AC 0A S *AS OAS A + C 

~
)AC 4A S*AS OAC ~A 

- C1I)AS ~A 
(90)

S 0A C 0A5 A C OAC ~A 
—

- 

Earth Frame to Missile Body Frame

• I T M I (~][O](*] 
y • (91)

• L~J 
z

• Xl
— [L,& 

• 

(92)

• zJ
/ •

(LMI] is identical to [LA] except for deletion of the subscripts
.

_________________________________________ 

~



___________  - ___________

• L Missile Body Frame to Earth Frame

rx r~iN — E~~ ’ [O~~’ ~.r’ NM
Lz LZ~

• — [L~~] J (94)

L~~~~~

[La] is identical to [La] except for deletion of the subscripts.

Aircraft Body Frame to Gimbal Frame

~A1
= [O~~ ] (*GA] I ~k { (95)

• LZG. LZA
[xA l

— ~~~~ J~~A J  
• 

(96)

• 
[ZA]

where

COGAC!j)GA ce~~s*~~

ELGA] — S*GA ~
‘GA • •• 

0 (97)

• 
~~GA~~GA 

SOGAS*GA COGA
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~

• • •

_ _ _

~‘ I Gimbal Frame to Aircraft Body Frame

rx;I r~iYA — [* GA1 ‘ 10GA~ ~G 
(98)

LZAJ 
- 

L2cJ

[LAG] ‘
~cLZcJ

where 
~
—

C*~~CO~~ S*GA C*GAS 0GA

(L~~1 — I S~,~~COc~ C4IGA 
(100)

[

_SO
GA 0 CO

GA]

Earth Frame to Gimbal Frame

F rxl
I ~c — 

~
T
~GI 1 Y (101)

[zJ

where [Lc1] — [LGA][LAI]

Gimbal Frame to Missile Body Frame

{Y~~ — [Lw;] (102)

L~J LZG J .
• where (Lw;] (L~~] ELlA] (LAG]
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bROGD~~1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~c
- 

C &. .• . . . . .•s .•,e•. •• •. s••s , ,s I  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

C’ • 
S

C. • • S

C’ ~!HIP1 P4ISSLE SIILLATION
C. • S

• C. _ S
• 

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C

• C
S

C’ • 
S

C’ 
. 

OEFIN!TI3~I OF IPIPUT ~4 RLAOLES
Cs S

C’ XEA , Y ES , !E~ 
- TN IT IA_ URCRAFT P3SETI3N IN E~~ T M— Ft X !3

C’ ~OO~ DIN4T tS ( T ) .
C.. • S

• C’ XEAO, Y E4~), ~!AD — INtTI ~~ AIRC RA FT VEL OC ITY IPI !4RPI—FIXEO
• C’ ~O3~~ IP44TE3 (t#S~C).

C’ • I

C’ THA DG, ‘54)6 , ‘H4DG — •INTT IAL A IRC~41 PIT H, 4Z4) !’~~, 4N0 ~3LL ‘
C’ A’l~ .!S I~i DEGREES WIt CH A~ E CDNJE~ T EO To ~4 DI4NS crH ,Ps ,’H) ‘
Cs S

C’ XET, YET, lET — TARGET P35111011 IN E4 RIH— F!XE3 ~ )0~ 3ENA1 ES (p1)
C’ . S

• C’ 4 — I 4 T E 3 ~ %r t31 STE’ SEZ~ IN SECONDS. S
• C. • S

• C 68145 — 3143 ~3PllAND t~1 V ER T I C A L CIA~1N Et. P1 C’S
C. I

C’ G’4 ’314S — 3143 ~OMHA93 111 HORIZONTAL ~H4~1NEt II ‘SC. • • S

C’ TIME — IftXIIJI FLIGHT riiz (SEC). (‘R3 RA’$ T!~~ I~I%TES 4IEPI MCSSLZ ‘
• C’ ~3!S 1I~ OJGH T4~~ E T ALTITUD E 3R WH! M TIlE IS EX !EOZO.)

S

C’ ITASL — 1 4TE E~ 3WIT ~ ’I ~3’1TRDLLING P~ I~4 1 IN OF ~ER3DY NA1IC TA3LZ S .
C’ P~I1T!PiG TAKES PLACE ONLY IF IT# BL = 1 . •

• Cs • S

C’ IP~ — THE ‘IJIBER OF SC~ D’13S BET WEEN ‘RINT YCL ES (ZN ~ E~ ZR)
• C’ • . .

C’ PBTAS — 3143 311 AUT 3P I. O 1 ROLL RATE ~Y~3 IN R A DI AN S F SECOND,
C’
C’ TR — AC~ ELERA1I OM COMM ?~M) COE FF ICIENT ~EFEREN E TIlE (SEC) .

• C’
• C’ 11 — 041’Il; ~*TTO P4 ~311ANO TO L3S ~J IDA~1 E  AL;oRzrilS

C’ CT — GAIl ~3EF~I~ IE’1T ~~~ CO~1MAND 13 H!%OI4~ it34l~ i A .3ORIT4 1
C. •

C’ F — PLorrp1; SIZE FA~ T).~ F ‘1.0 V Z Z L3S &.r~ 3i 311 ‘L3IS.C. • S

C’ IPU • I1TTcE~ SWI TC I ~3Y11RDLLING PJN3H 0UT~ UT, PU1~ It1 TA ( !3
C’ PL~~~E 3’ILY IF I~ J 1.. •

C. • . 
S

C’ IPT — I’1TEr,!~ SW ITC I C3PITD LLINC eLorrrlG. PtOTTC ’lG ~A <ES PLA~ E
C’ ON.Y IF IPT ~~t. •• C. • • I

• 
• . C’ IL~ G — t1T~~E~ 5)111311 33I TRO LLI NG P R I N t I N G  OF L!G ’IO OF OUTPJT

88
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r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ •,•;

~•• • • “_
~
‘ - • .— •  

•

Cl V~~~tA 3L~ S. L !GE PI3  IS PRINTED 01_ V IF ILEG t. S

;- •-‘ • c. • 
S

. •
•

• . • ..
C •

• COMM’~1 ‘AG3F  AXQ ,AY 0,47c~,4xE,AYE, A ZE,PD0T,~03T,Rfl31COllOl /AEJ.~~~/ PM43)T,THAO0T ,PSAO)T
CO’IMOl l4E~~I DZL,)~C, l1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
• COMMOM ~Al;l  PS , TI , 34 , PSOG , TI) , ‘He; ,PS~ , TI~ , ‘HA ,I PSADC , Tl~~ G, PHADr,, ‘S~IDG, T’GA 3S, 164)6

COMM OI ,1_ 3~~ I/ X X I , YV t , Z Z I , 4 MAS S ,~~G, 4G , PBtAS, IC JC
COMMO~ /L3:K2’ A ,4V;,TT5,OELF,X;UI),T~ ,U4,~~A1;Z,ZL,CT,VO3TCOM1O’1 /Cl)F 4V ,AH,WV, 47
COMMOM ,~ 1T_ 1/ OD,03,DT,ACZ,ACY,AC (, 31A5,GHBIA5,tJK
CO1lO 4 l~ Mr_ & R,’~, ,J, ,9i,Pi,P2,’C ,’

• COMM ’)M / ) !T~~ O,RL,C’U3,. MCG,~ Q,S,VEL,THR, ~MA)V,CM~~ Y, ~YCO’IMON ,IMrTLI H,TIIIE,ITADL,I°R,ILEG
• COM’IO1 ,~lAr~ rx F cEll, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~• 1 C 1 , G2,CMS3,~ MG4,CMG5,~HGô,~ IlG7,CMGS,CMG3,

I
COMMON /°L)ftTA F PXET ( 52),PY!T( 52),~ XE C 52),’Y!( 52),~~XE4

( 52),
I ~y!4( i2),PZE ( ~2),PZEA ( 52) ,
COMMOM ,D_ 3ATU P~IH~ ( 2 ) , 3A V G ( 52),’T( 52),’3~~( 5fl,• j  D~~( 52),PAL ( 5 2 , P8~ C 523,PVOr ( 52),~ )YC 2),~ )Z( 52)

• CO1*1t)~1 /°L3AT3/ P4VS ( 12),P3ES( 32),’TS( 32), P~3( 32) , IP~0• COMIO l FP3S~ XET,YET , T,XEA,YEA,ZZA,~ AN4T,XE,Y!,Zi
C0r190’I ~°~ 4Tt~ DY,OZ,DVY,DVZ,AYP,AZP• COMMOM FVTA ~ GET/ XET3,(ETQ,ZETfl,X3TO,Y8T~ ,Z3T)CO~1O1 ~TH~ ST~ TIME3 (21),THSTLB (!1)

J COMMON /V!_ 3/ XEO,YE3,?Efl,XEAD, YEAO,Z!AO,J8,V 3,W~
C

• 
C

C’ •

C’ FL I I T I N ITZ ~~L 1ZATI O N • •• C. S

C
• 10 CONTINJE

C

• 
. C~” IN I TI A LI ZE INTEG ~ % T f 3 N  STEP ~3J1TER

C• IJK -t 
.

C
• C’s” I’ IIT IALIZ ! PLOT COJ ITER

C
NPTS=0
MPT Z ’ O
‘IPT3 :0

C
C” READ INITIA L FLISIT CONDITIONS
C

REA~~(5,30t3) X EA ,  Y E% ,  lEA, XEAO , YE~D, lEAD, T HAD3, P SAOG, PHAD G
I ,X IT , Y ET ,  lET, H, 3SIAS , CHOIAS, TIME, 1143L, IP~, P8IAS,TR,

• I!I,CT, r ,I.J ,IPT,ILI~C
9010 FO R1A T ( S~ t 0 2, / SF 3. ’, 2F6.2, FS .2,  12, II,, ~~.3 ~ 

p4. 1 /3F10.0,

• 
• 

• 

•

~~~~
.-

~~
•
~~

-2
~

- 
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. 
• 

•.

• 

• 

•

C~~ ”’. T~~ ’ c3~ :ND O~ J)9
C

I F ( E f r ( 5 ) 7~~. t5
C
C””.-’. SET 011410E0 AzI lirl GIM’3AL AN~ LE OF AIRC~ AFI 1P5 0)
C

15 ~SGC -35.
C
C”•’ T’I AI~~3~~A FT VEL )3ITY (UA)

• C • • •  • • • • . • . •

1.14 =
• • C

C” •’•a ’ P~x1r 1111141 31)ZTIONS AND 4!~ 03YNA1IC IA3LES
C

~ALL nirrIr.
TF(I~U.:’).t) PUNC-1 t!,

ICEA ,YEA ,ZEA
12 ~0 PMA T (3~ 1) ,2)

• C
C~”~’ I’1IT1’~LLZ E FLI~ HT PAUM ETERS
C :

CALL I’JT LF_ I
IP~0 = r P ~

= T’VI • 
• • 

•

HO = H .
C
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ SS~~~~~SS S

C’ • 
•

C’ TH IS SE~ UE 13 E IS FOL LOWED F 3 R  E AC I IM1E3~4t!Ot1 STEP
C’ • • 

•

C
20 CO NTIN’J E

C
C” IN3~ EMEMT I.1TE~ RAT t3 ’ 1 STEP COJ l~ ER
C

• IJK !JK S I
• C I

C” 03T%P1 T AR GE T V !L33I TY
C

CALL T A R G E T ( X )
C.

• C”~’ COM’JTE DOROIIATE TRANSFOR,IATI3PIS
C •

CALL EU L Z~~(t) •

C .
~~~~~~~ CO’l°JTE 3’J ID ANC E 30 lNAN D S AND CONTROL DI S ’LA~ E I E N T S
C

• CALL COMMAI D
• CALL 33MTR3. .

C •
C” C O M ’UT E A IR DENSITY AND SPEED 3~ OUNO
C

AL T z - 7 !  . . .

• CALL. 41105 (ALT,RHD ,535)
C
C” ” 30M’JT E A NSL E 3 &T TA C IC, S IO E_ S L IP AI R SPEE3 , ~4 A 34 IUMSER, AND

F; 

•

—~~~



r~~ . ~~~~~ ~~~ 
•

C 0YUAM ~ 3 PRES SU ~~(. • C
‘ILPHA : 4 T A l ( W ~3,lJ~ ) ’ 7  3
9!TA =

• VEL = 5) T ( X ~~Q’X ~.3 • Y~D’YEO + Z EO’Z ED)
• AMACH = VEJSOS

= 5’VE..’VEL’RIO
T C

C”” COM’iTZ THRUST, ~IO1:1TS OF I N E R T I A , A13 3!PITER 3F RAV IIV
C

• IF(X LT~~e.5)C4LL TIIRJST (X)C
• • C” FORI 4!R3D Y PIAM IC F3’~ ES AND MOM ENTS 011 M ISSILE * 110

C 3011’JTE THE AC~ EL!R)M~~T ER OUTPUTS IN  ~~DY :~ 4~: AXES.
-: C

CALL A ER O
• • C

C”” COM’ITE ISSu E 4t ~J ’EED A C C E L E R A r I O N , 3 E C E L E R A I I O P I
C

VO3T = (A x a ) ’ : 0 S C A L P H A , ; 7 .?35) ’30s(3!TA , ;7. !55)54r3 ’S t q(
I BETA /57 ~95 ) ,A Z B ’5I1 (4 LP H A / 5 ? . 2 ~5) ‘~ 3 S(BE T 4 / 5 7 . 2 5)—32 .2 ’S I1 ( T 1—
IALP’IAFS 7. 2)5)

C
C”4’ T R4q S r3~ M 4:cELER~ rr 3u CO~P0NE1IS 3F MISSILE FROM 300Y AXES TO
C E ARt H S(ST EM. (4(3,AYB,4Z8) T3 ( A X Z , AYE ,4!!)
C

CALL EJL R(!)
C

• C”” I?1T :;RArE ACCELE RAt ION COMPOMEITS OF MISSILE (AXE,AYE,*ZE)
C - GIV IN G J!LO3ITIES (XED,YED ,ZED)
C

YE) Y~~3 ‘ AY E’ H
• lED 1!) s *ZZ ’ H

XE) = X E) s AX E’ H
C
C” I N T E G R A T E  A N G U L A R  4~~ ELE RA T IO 1S O~ MISSILE (~O3I, ROOT)C GIVIPIc 303Y A N~ULAR R ATES (Q, Rb

• C
O zQSQ 73T ’H

- 
•

C
C” COl’JTE EULER AN~~ E RATES (PSD3T ,TIO OT , PH3) 1)

• C
• PSDOT () ‘S IN(PH) 4 R’ OS ( PH ))  9 

~OS (TH)• ?HDOT a ~‘ 3S(° H) — R’SXN (PH)
• • .  . PHDOT ‘ PS)3T ’SIN(T H) s ~9IAS• • C

C” INT! R41! EULER 41G.! RATES (PS)OT, THDOT, ~HDOT)C CIVTMG M ISSILE A Tt ItJOE S (PS, TM , PH)
C

PS a ~~ 4 ‘SDOT’ H
TN a TI 4 IIDOT’H

a P4 + ‘IDOT’H
C

• C” COPIlA lh I ) AIRCRA FT TJ RMI N G RATE
C
C PSG RR IS TIE ERR)R 9ETWE! N TI! C3MMAI3E3 * IR3~ tFT ~I~I9A . 4 1 1 L!
C AP1t~ THE ACTUAL. 3113*1. ANGLE. T IIS ERR3R 15 LIMIT!) TO PLUS OR

• 91

• •—•— ‘—V.— • —— _ -.



-~

C 411133 7 )~ 3R!~ S 41) IS USEO T3 3011411) AM *TR~~~AFT TURH L ’I RA TE
• • . C PSA~ 3T.

C •

• °SGERR P533 — PSG4)~IF1~c cERR. G r 7 . ) PSGZRR :T .

PSADOT = —‘SGERR/57.2r
• PSA3G s P5*3 6  -

• = D S433 / 5 T .295 •

C
C” IUT~~ RA1E A IRC RA FT 4EL OCIT IES(X EA) ,YEAD ) 31V1P16

H . C AI~ C~ 4FT POSITI3 ’I (XEA,Y EA )
C
30 XEAD = U4 3 ) S ( T H A ) ’C ) S ( ° SA )

VE AD = J4 ’33 S (THIU ’S1M ( PSA)
• ZEA L) = J A ’ S E M ( T H A )  •

XEA = ‘lEA . XEAO ’I
YEA = Y E A  ~~. VEA D ’-I
lEA = l E A  s ZEA O ’I

C
~~~~~~~~ 111T~~ R*TE MISSILE VELOCITIES (XEO,YEO,ZEO)
C GIvr’IG IISSIIE POSITION (XE,VE,ZE)
C

XE a XE + XEO~ HY E a  YE 4 YED’l
= 2! + ?E35H

C
C” IPIT!5RATE TARGET JE_3CITIES (XETO,YET3,ZET))

• C GIVTMG TARGET P3S1TE311 (XET,YET,!ET)

XET = ‘lET + XE TO ’H
YET YET 1 YETD’H
ZET = lET + ZETO’H

C •

C”~!” TEST F3R IMPACT .

C
IF(ZE 3T.ZET) 30 T3 .0

C
• C”4” IN~~ E~t!1T TIME

C •

I F ( T T G . L T . L O . )  H I0/ tO
I F ( T T 3 . L T . 1 0, )  ~~~ a Ill
X X 4 H

• C  
•

C”~”’  TESr IIIE RATI3M ST~~ CQUMTER F3R PRIlTIM;C
IF(MO0 (tJ(,IPR).NE.O) 3 TO 50

C
‘0 CONTIIIJZ

C
C’~” U°O*T! PLOT ARRAY •

C • A

• NPTS=N’TS4t
DX A (pl3T ):X Ø. •

°YEA (Pl ’T )YA . 
•

• PZ EA (N ’T 5 )  = — lEA •

PXETC PISTs)=’lEr •

I )

• 

. 1~



•- .—‘•‘-•‘•••..-•••• •- -••• •
~ 

• •— •—‘ -•-‘ •

PY r(.IDr;):YE . .
D7E (~1pT~~) a —U
DT (i

~
p T )  a

• PRPiPTR =
DA 95(Nf )T ) a A HG
TF(3ApI (’l~ 1S).GE. 20.) ‘AHG (NPTS) = ‘0.
Ir(PA4 ;CPrS).LE —~ 0.) 3A1(G (HPTS) 

a •2O.
PAVG (’f ’ TS ) = A V G
tF (PI tVG(’ I’TS) ,Gt .  20 ,)  PAVG (MPTS) 20.

• IF(pftv;(s’rS),LE.-?o,~ ~AV~ I11P1S) 20.
PAL(tlpT~~) a A LPHA
D(

~~
(t lPTS) a 13ETA

a D!LF
IF(Dflc(V~T5 ) .GT .  15,) ‘DF (NPTS) a 13.

• ~VDT(11PTS) 
a V O O T

• I ,c °vo r(M’rS) .~~E. 10). 1 PV DT(NPTS) a
• :F(PIOT(1PTS) .LE. —j o ) , ,  PVOT (NPTS) — 100.

• T Fc x . Gr .12.)  GO TO ~itPJPT2 = 1~ t 2 4 t
~AV S (pI’r’) = AVG
IF (PAVS (~PT2).LE.—20,) DAVS (NPT2) = —20.
t FC PAV 5 (q’ 1 2) ,GE, 20. )  PAVS(11P12) a 20.
P9ES(N’I’) = B ETA
°TS(P4°T2) = I
GO TO~~3

‘.1 ?IPT3 .‘1P13+1
DDy (t1p13) a

• PD?(’4P13) a 01
PR 3(U P T3 ) = RA NGE

~.3 IF (IDU . E’~, t )  PUNCH f.l ,XE ,YE , ZE,XEA,Y!* ,ZEA
42 FORMA T (3~~t0.2/3FI0.2~

C •
C’1” P~R1MT ~LI3 ’iT V I~ 3.. ESc • •

CALl. OJ TF i. T
C .

50 CONTINUE
C
ce” TE ST FOR ONTIMUATZ3PI OF FLIGII
C

IF(X. LT.TLIE.AMO.!E..T lET) GO TO 20
C ,~
C”-” END ØC LI GHT
C
C’~” PLOT TR*J!3TORY
C

IF(I°T. !Q.L) CALL ‘I<CIPTS,NPT2,MPT3
C ,

• CO TO IG
C .

75 CONTINUE
• C •

C” END OF j~~C
STOP I .

- 

C 
:ND



- ~~~~~~~~~~~~~~ 
• • • •

‘~U9ROUT!’I! AtRO -
C

C. • 
. .

C’ T~~ S RnU ? 1Il Z 3MPUT !S ~3’::s AND MOMENTS GIVCI *NG~ ES ~~; A T T A 3 K ,
C’ CO’ITR~L ~EF LE3 T IO t1S, Al~ M ItCH NUMOER. 3UT DU T 13 T R A I S L * T I O N *L  AN )
C’ RO TA TIOHiL &3~~ L ER A t! O M 3OMPOH ENTS II 300Y AXES.  .1

C. . S
..•*,4,,,S,. S3~~~~ •SI..SSSS~~~SSSSS.SS I

C
CO~M’3?l F433F 4Xfl,4Y~ ,A73,AXE,AyE,AZE,PDOT ,~ ))I,RD3TCOMMON IAER / r EL ,  ,311,CM1,CC ,1!, 312, M,3~~~,’)EL3O, *MAC ’I ,*LPH*

j  ,AL T , D E T A , y , 3 l ey , c N 2 y , c My , c l t y , 3 l 1 v , )~ C v , 3 D , 3 N ,Cq’l
• COMMON ~A E R T~ L/ 0 3T (3,5,6), CIIT (8,5,5),1T (3,5,5), (1(19),

I T(iD,S),3l?T(10,5),C121(tD,6),CITT (tO,5),(2(15),
2

COMMON FAISF RHO2 (12),30S2(12 ,ALTTU2)
COMIDlI /3L33~(1/ XX I, YY I ,ZZ I , 4 IIAS S,3G,W G, P8 IAS ,XX
COMMON /~ 11..l/ DB ,3~ ,)T ,ACZ ,A C y ,A (, ;3 1A5,343 1*S,rJK
COMMON ~3M1L!/ R,~ ,G,J,C,B1, Dj,Pa,X, 3
COMMON l’~!Rl D ,RL,C 3, MCG, l~Q, S,JEL,THR, MA3f ,CM3 Y, RY
COMMON /TIRSI/ T IMES (2 t ) ,TISILO(21)
COMMON /V E_ 3/  X ED,YE) , !EO ,X EAO, YE*) ,Z !AO,U8,J3 ,W3

C
OIMENSTO ’I l8 (2 ) ,XA (2I ,IAI (3),XA I (31 -C

C.1.,,.....,.3.S, I......S,I,,, •.,.,*,,..,,, ...... ,.,.,.. 1~~~~3~~~~~~S ~~1S~~~~ISI

C’ .5

C’ AE RODY NA MIC TAB. .ES
• CS . S

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •I

C
DATA (tt033T(I,J,<),(:1,8),J=I,5),’C=t, 3) /

C
1 0.00 , .010 , .0+5 , •110 , .210 , .3)1 , .300 , .300 ,
2 — .01 , 0 .000  , .033 , .090 , .130 , .!;0 , .252 , , ‘SO ,
3 — .02 , — .010 , .02 0 , .075 , .1.0 , .203 , .200 , .200 ,

• 4 — .03 ~ .02a , 0 . 3 0  ~ , .0)0 , .130 ,, .130 , .130 ,
5 —.0’ , — .01,0 , — .02 , .005 • ,  .030 , .050 , .050 , .~~ 0 ,

• C 6 0.00 , .010 , •0~.5 , .110 -, .200 , .330 , .300 , ,300 ,
• 7 — .01 , 0.000 , .033 , .0 9 0  , .150 , . 2 3 2  , .253 , .250 ,

- 
8 — .02 , — .010 , .020 , .075 , .t~0 , .203 p .200 , .200 , 3• 9 — .03 , — .025 , 0.10 , .040 , .030 , .133 , .130 , .130 , 3A — .04 , — .0’ 0 , — .32 p .005 , .0~~ , .030 , .03) , .350 ,

• C
~ 0.00 , .010 , .0,5  p .110 , .200 , .300 , .300 , .300 ,
C — .01 , 0 .00 0  , .033 , .050 , .130 , ,e ;o , .253 , .250 ,
O — .02 • , — .010 , .020 , .075 , .t~.0 , .200 , .200 , .200 ,
E — .03 , — .025 , 0 .00 , .0.0 , .0)0 , .133 , .130 , •130 p
F — .04 , — .040 , — .32  p .005 p .0 3 0  i .053  , .053 , . 030  I

C
~ATA ((() 3T (t,J ,1O,IaI ,8),Jsj,5),(a,,5) - P

C
1 0,00 , .010 , .0.5 ~ .110 , .200 , .300  , .300 • , .300 ,
2 — .01 , 0.000 , .033 , .090 , .130 , .2,0 , .250 , .250 ,
3 — .02 , — .010 , .020 ~ .075 , .t~.0 , .200 , .20)  , .200 , •

- 
. 4 —.03 ~ — .02 w ~ 0.30 ~ .u’.o . .0)0 ~ .130 ~ .130 ~ .130 ~ .

•
~~~~

• • 
. 

. 
• 

. 
• 

.
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-~~~

• • 5 —.0’. , — .04 0 , — . 3?  p .005 , .030 , .050 p .o~~ , .050 .,

U
6 0.00  , .0 10 , .04 5 , .110 , .200 , .300 , .300 , .530 ,
‘ — .01 , 0 , 0 0 0  , .033 , .090 , .130 , .250 , .253 , .250 ,
8 — .02 , — .010 , .020  , .075 , .1,0 , .200 , .200 , .200 ,
q 

~~~~~~~~ , — .o2~ , 0.00 , .o~ o p . 0) 0  , .133 , .133  , .130 ,
A — .04 , — .0+0  , — .32 p .005 , .030 p .050 , .050 , . 0 5 0  ,

C
3 0.00 , .010 , .045 , .110 , .200 , .30 0 , .303 , .300 ,
C — ,03. , 0.000 , .033 , .090 , .130 , .250 p .250 p .250 ,

0 — .02 , — .010 , .02 0 • .075 , .1.0 ., .200 , .203 , .200 ,
• E — .03 , — .025 , 0 .00  , .040 , .0 30  , .130 , .130 , .130 ,

- . F — ,0’, p — .0.0 , — . 02  , .005 , .030 , .030 p , 050 , .050 I
C
C..4,,,

~ -
C

• 9AT A (( (CIT (I,J,K),!=t,8),J:1,5),< t,3) /
C

1 .0 , 1.0 , 2 .’) , 3.0 , 4.0 , 5.0 , 5.0 , 5.0 ,
2 .0 , 1.0 , 2 .)  , 3.0 , •.) , 5.3 p 5.0 , 5,0 ,
3 .0 p 1.0 , 2.0 , 3.0 p 4 .0 p 5.0 , 5.0 , 5,0 ,
4 .0 , 1.0 , 2.3 , 3,0 , 4 .3 , 5.0 , 5.0 , 5.0 ,
5 . 0  p 1.0 , 2.0 , 3.0 , 4.0 , 5.0 , 5.0 , 5.0 ,

C
• 6 .0 , 1.0 , 2.3 , 3.0 , 4 .3 , 5.3 , 5.0 , 5.0 ,.
• 1 7 .0 , 1.0 , 2.2  , 3.0 , 4.0 , 5,0 , 5.0 , 5.0 ,

• 8 .0 , 1.0 , 2.3  , 3.0 , 4.3 , 5.0 p 5.0 , 5.0 ,
9 .0 , 1,0 , 2.0 , 3.0 p 4 .0 p 5.0 • 5.0 , 5.0 ~A .0 , 1.0 ,2.) ,3.0 , 4.3 , 5.0 , 5.0 p 5 .2 ,

• C
• ( 9 .0 , 1,0 , 2 .) p 3v0 , 8.) , 5.0 ~ 5.0 , 5.0 ,

• C .0 ~ 1.0 ~ 2.0 , 3.0 , •.3 , 5.0 , 5.0 , 5,0 ,
• 

• 0 .0 , 1.0 , 2.0 • , 3.0 , 4.0 , 5.0 , 5.0 , 5.0 ,
- E .0 , 1.0 , 2.)  , 3.0 , 4 .3 , 5.3 . p 5.0 , 5.0 p

F .0 , 1.0 , 2 .0 , 3,0 • , 4.3 p 5.0 , 5.0 , 5.0  I •

• C
DATA (((CIT (I,.J,IO,Izt,8),Ji ,5),(a4,6) I

• C
- 

1 .0 p 1.0 , 2,3 , 3.0 , 4.0 p 5,0 , 5.0 , 5.0 ,
2 .0 , 1.0 , 2 . 3  , 3.0 , 4 . 3  , 5 ,3  , 5,~ , 5.0 ,

• 3 .0 p 1.0 , 2.0 , 3.0 , •.) , 5.3 , 5.0 , 5.0 ,
• 

• 4 .0 , 1.0 , 2 .0  , 3.0 , 4.0 , 5,0 , 3.0 , 5,0 p
5 .0 p 1.0 , 2 .2  p 3.0 p •.3 p 5.0 p 5.0 , 5.0 ,

C
6 .0 p 1.0 , 2.3 , 3.0 p 4 .3 p 5.0 , 3.0 , 3.0 ,
7 .0 p 1.0 p 2.0 , 3.0 p 8.0 p 5.0 , 5.0 , 5,0  p
8 .0 , 1.0 , 2 .3  p 3.0 p i 3  p 5.0 p 5.0 , 5 ,0  p

• 9 .0 , 1.0 , 2.0 , 3.0 p 4.0 , 5.0 , 5.0 , 5,0 ,
A •0  , 1.0 , 2.3 , 3.0 , 8.3 p 5,0 p 5.0 p 5,0 p

C
9 .0 ~ 1,0 , 2.0 p 3.0 , 4.0 p 5.0 , 5.3 , 5.0 ,
C .0 p 1.0 p 2 .)  p 3.0 , 8.3 , 5.0 , 5,0 , 5,0 ,0 .0 , 1.0 , 2.2 p 3.0 • p 4 .)  p 5~) p 5.0 , 5.0 ,
E .0 p 1.0 , 2 .3  p 3 .0  p ‘..0 p 5.0 , 5.0 , 5.0 p
F .0 p 1.0 , 2.3 p 3.0 p p 5~ ) , 5.0 • 

p 5.0 F
• C

-.

~~~ 
- — _____________ __________________________



-. 

. 
•

flATs. ( ( (CIT  (I,J,~~~,fa 1, R ,J:i,5 , =1,3) /
• C

• 
- 1 0. , — 20 , — ..0 ~ — .60 p — .60 p — 1 .00 , —1.00 , —1.00 ,

2 0. p — .20 p p — .50 , — .90  p —1.00 p — 1 .0 0  p —1.00 ,
3 0. p — .2 0  , — ..0 p — .60 p — 6 0  , —1.00 p -1.30 , —1.00 ,

• • 1 0. , — • 20 , — .40 , — .50 , — .30 p —1 ,00 , —1.30  , —1.00 ,
5 0. , — .20 p .~ 0 p .60 , .60 p 1.00 , -1.90 , —1.00 p

C
6 0. p — .20 , — .4 0  p — .60 p ~ .80 p —1.00 p —1.00 , —1.0 0 ~7 0. p • 20 , — ..0 , — .60 p — .80 p — 1.30 , —1.00 p 1.00 ,
8 0. p — .2 0  p — ..0 p . — .60 , — .30 , — 1,00 , -1.00 p —1.00 ,

9 0. • , — .20 , — .40  p — .60 , — .80 , — 1,00 p —1.00 , —1 .00 ~A 0. ~ — .20 , — .40  , — .60 , — .30 p —1.00 p —1.30 p t.00 ~C
• 9 0. , — .2 0  , — .30 , — .60 p •.80 , —1.00 , —1.00 p — 1 .00 ,
• • C 0. , — . 20  , — ,.0 , — .60 p — .80 p — 1.03 , •1.00 , —1,00 ,

0 0. p — .20 , — ,,0 , — .60 , — .30 , — 1.00 p -1.00 , —1.00 ,
• E 0. p — .20 , — ..0 p — .60 p — .50 p —1.00 p —1.00 p —1.00 ,

F 0. , — .20 , — .30 p — .60 p — .30 , —1.00 , — 1.00 p — 1.00 I
C

DATA (((C IT (I,J,K) ,t= 1,8)pJ l,5),< 3,6) P
C

I 0. , ~— .20 , — .40 , — .50 p — .80 , —1.00 p —1.00 , — 1.00 p

• 2 0. , — .20  , — .40 p —.60 , — .30 p —1.00 p —1.90 , —1. 00 ,
3 0. , — .20 , — ..0 p — .60 p — .30 , —1.00 , •t.00 p 1.00 p
1 0, - 

p — .20 , — .40 p — .60 , — .80 , —1.00 p 1.00 p 1.00 p
• 5 0. , — .20 , — .40 p .60 p .S0 p 1,00 , — 1.00 • —1 .00 ,

• C
• 6 0. , — .20  , — .40 p — .60 , — .80 , — 1.00 , —1.00 , —1.00 ~7 0. , — .20 , — .30 , — .60 , — .80 , —1.00 p — 1.00 p —1.00 ,

• 
• 8 0. , — .20 • —..0 p — .60 p — .30 , —1 .0 3 , —1.00 , — 1.00 p

9 0. p — .2 0  , — .i0 , — .50 p ~~30 p —1.00 p —1.00 p —1.00 p
• • A 0. , — .2 0 , —..0 p — .60 , — .30 , —1.00 p —1.00 , —1 .00 p

C
,

- B 0. p — .20 p — .40 , — .60. p — .80 , —1.00 p —1.00 p —1.00 ,
• : C 0. , — .2 0  , — .30 ~ —

.60 p — .30 , — 1 . 0 0  p — i . 0 0  , —1 .00 ,.
• 0 0. p — .20  , — .30 , — .60 p — .80 , —1.00 , —1.00 , —1.00 ,

p E 0. p — .20 , •.,o ~ — .60 p — .60 , — 1.00 p —1.00 p —1.00 p
F Of , — 2 0  , — .80 p — .50 p — .80 , —1 ,30 , —1.30 p —1.00 F

• C
C.......

- C
• DATA XI I

C •

1 0 0 p ‘ .0 , 8.0 , 12.0 p 16.0 p 20.0 , 24. , 20.
2 0 6 , 3.0 , 10.0 , 15.0 , 20.0 

~• 3 0 .3 , 0.8 , .350, 1.14 , 1.3 p 1, 8  I
• C

.

• c..*,.*.
- C

• . Il~~~,& 4 4
U4J~~ ~~d

C -

1 —.020, —.313, —.004, -.002,0., -.00!, — .004, — .013, — .015, —.020,
2 0. ~ 0. , 0. p 0. p0., 0. , 0. p 0, p 0. p 0, p

• 3 .030 
~ 
.0!? p .008 , 004 ,0., .034 , .008 , .015 , . 0 2 2  p .030 p

4 .003 , .006 • — .0 20, -.010,0., — .010, —.020, .001 , .008 p .003 ,
5 .003 , .001 , .020, s O l O p O i p  . O t 3 ,  . 0 2 0 ,  . 0 0 3  p .008 p .003 p
6 .008 , .ofl • .02’. ~ 012 ,0., .012 , .024 p . 050 , . 076  p . 100 ~

• •
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Cs.’,.” - . .
- C

DAT A 12T I
C

1 3.00, ?. ~~~~, .70, • ~~~~, 0.00, — .35, - .70, —1. 50, —2 .25, —3.00 ,
2 3.00, 2 .2 5,  • 70, • 3,, 0 .00 , — .3,, — .70 ,  — 1. ,0, — 2 .2 , ,  — 3 , 0 0  ,
3 3.00, 2. 25 , • 70, .3;, 0.00, — .35, — .70, —1, ~~~~, —2 .25, — 3 .00  ,
4 3. Ofl , ‘. 25, • 70, • 35. 0.00, — .35, -.70, —1, 50, —2.25, —3 ,00 ~• 5 3. 00, ~~. .5, .70, • 35, 0.00, — .35, — .70, —1. ,0, —2.2 , ,  —3.00 ,
5 3.00 , 2 .25 ,  • 70, • 35, 0.00, — .3 5, — .70 , —1. 0p ? . 2~~~p — 3 . 33  /

C
C””~
C

I3ATA ~‘121 ~~ • 
• 

-C .

1 —7 0 , —5,2 , —1,8 ,—1.0 -, 0.0 ,1,0 p 1.8 p 3.5 p 3.2  , 7.0 p
2 —7 0 , —5.2 , —1.0 ,— t . 0  , 0.0 ,1 .0  , 1,8 , 3.5 , 5.2  , 7.0 p

3 —7 0 p — 5 . ?  , —1. 3 ,-l.0 , 0.0 p1.0 , 1.8 , 3.5 , 5.2 p 7.0 - ,
4 —7 0 p ~5. ’ , — 1.9 ,— 1.0 , 0.0 .1.0 , 1.8 p 3.5 p 5 .2  , 7.0 p
5 —‘ 0 p — 5 , 2  , —1.8 ,—1.0 , 0.0 p 1.0 p 1.8 p 3.5 p 5 .2  p 7.0 p
6 —7 0 , —5.!  , —1 ,3 ,- 1.0 , 0.0 p 1.0 ~ 1.8 , 3,5 , 5 . 2  p 7.0

C

I • C
• DATA ~ITT I

C
C

I —8 0, —3 0, —6.5, - 5, — 6.5, —6 .5, —6 .3, — 7.;, —8.0, —3.3 ,
2 — 3 0, —5.0 , —8.0, — 5 0, — 6.0, —8.0, —s . Op —3 .0, —8.0, —8,3 ,

4
_• 

• 
3 —~~ 0, — 3 .0 ,  —7 .5 ,  — 7 Sp — 7 .5 ,  —7. 5 ,  — 7 - 5 ,  — 5 .0 ,  —8. 0, — 8 , 0  ,

• - 4 — S 0, — 5 . 0 ,  — 7 .0,  — 7 0, —7.0, — 7.0, —7~ 0, — 3.0, —8.0, —8.3 p

5 —8. 0, —3.0 , —7 .3, —7 0, —7. 0, —7. 0, —7.0, —3.0, — 5 . ) ,  — 3,] p

6 —8.0, —3.0, —5.0, -S 0,  — 6. 0, — 5.0, — 5.0, — 7 . 0 ,  -8. 0 , —6.0  /
C
C””
C

DATA (2. I
C

1 —20. p •13. p —3 . p —2.5 , 0,0 p 2.3 p 5.0 , 10. p
2 15 0 , !0. ,
3 .3 , .3 , .33 , l.I’.p 1.3 p 1.5  F

C

C
DATA TIlES I

C
1 0 .0  p .0’. , .o; p .1 , .15 , .2 1  , .37
2 .52 p .5,  , .U p .59 p .65 ~ .3 , 1.1
3 1.3 p 2 ,2 p 3.1 . p 3.88 p 4•49 , 4 ,5 0 .p 1000. F

C
• .. CS...... 

. 
-

C
DATA T4STL3 /

• C
1 0. p 3 5 0 0 .  , 9390 p 9500. , 9500. , 9300. , 9500.
2 9,00. p 3,00. p 9500 p 9500. , 6600 . , 5600. , 2000.
3 2000. , 2000. , 2000 , 

2000. 
, 
2000, 

, 0. , 0. F I



• • •-•.,

C
C’ s”U C

•

‘)ATA A L T T  I
C

1 0 p 1300. , 30 00. , 6003. , 10000. , 15600. p
2 19800. , 24000. , 28000. p 32 000.  ,- 33000. p 1,0000. F

C
~~~~~~~~
C

DATA S)S2 I
C

I 1113.4 p 1110.5 p 1104.8 , 1093.2 , 1077.4 , 1054.1 p
• • 2 1037.? p 1020,3 , 1003.3 , 936.! , 972 . 1 p 373.1

C
C,......
C

DATA R432 F
C

I .23770 , .22733 , .21796 p .193)6 , .17550 , .1459!.
2 . 12762 , .11052 , .09508 , .08?)? p .0708 p .05872

C
C... ..*.
C

DATA C)OT F
C • 1 .22 8,  .2 2 3 ,  . 233, .2 5 5 ,  .314, .475, .580, .508, .603, .573
C
C.....*.
C

3ATA 1 4C3F / .

C
1 .4 p .6 , 75 , . 3 3  p ,9 , 1.0 p 1.1. , 1.3, 1.5, 2.0

C
~~~~~~~~~ . 

-

C
DAT A H /

C
1 0. 0 • p 4000. p 3000. , 12000. , 20000. p 30000, F

C

C
~AT4 0!LC)T /
1 0 0 , — .0008 , — .0014 p — .0023 , — .0052 , — .0100

C

C .
DATA NI F 1 0 ,6 F

C
- .

C
- • OATA N*1 I b , 5p 5 I -• C
C

• C. • . 
S

C’ . ~01PUTAT (0~4S BEGIN HE~~~. •
C. p

U..

• • 
.

—- -• —-- 
— —.-- I



C
C” F I N E )  AXI A L FORCE ~0~ F FICI EN T S
C

CALL P4)TLJ(!, b,H,DZ_ )T,ALT, D~L 0,!2,0)
CALl. N3TLJ (Z,1O,t1 10)T,COOT ,AHAC’4, ~DO,IE,1)C

C• ”” FIN) Y A I  IOMENT C)~ FFICIENTSC
XA ( 1)
X A ( 2 )  AI1~~ICALL uDrLj(3,MA ,x2.9l2r,xA ,cN2y,I~ , 1)
CALl. N)TLJ (3,NA ,X2,~~I2r ,XA ,CN2Y,I~ ,1)
CALL N)TLJ ( 3,NA,X?, ~lTt , XA ,CMY,IE,1)C

C”~’ FIND DIT~ 1 MOM~ IT ~)!FFICI~ NT
C

XA (1) = AL’4A •

CALL U)TLJ(3~~1A,x?,~~12r , XA ,CM2,IE,1)
CALL N)TLJ (3,N~ ,X2,CI2T, XA ,CU2,I~,1)CALL P1flTLU (3,NA ,X2,~~lTT,XA ,CM ,I~,1)

C
C” FIN) Il)’J~ ED O~AG CIEFFICIENTC

~.LP’1AT AT4~l( SQ~T( W~’WB + VB’VB ) I (H )‘T.3
XA (1) =

• CALL N9TLJ (3,N4,X2,C~ T ,XA ,CC ,IE,t)C
C” FIPI) Y~ 4 ~D~ CE Al) MOME~1T CO~F F I C I !NT 5
C

XAI(1) = A35 (OC)
XA 1(2 ) = A3S (3ZTA
XA I(3) =
CALL Nr~TLJ (4,NA1,Xt,~ lr ,XA 1,CM1Y,IE,t)
CALL N)TLJ ( 4,NA1,Xt,~ lT ,XA1,CN1Y,IE,t)

C
c” FINO PIT~~4 FOR E 311) IIOMELNT CO~FFI~ IENT S
C

XAI(1) = A3S(08)
XAI (2) : 335 (ALPHA )
CALL NDTL~J (3,NAi,X1,~ Mr ,XA1,Ctl1,IE,tI
CALL u~TLJ (3,NA1,Xt,~~1r ,XA1,Ct1i,IE,1)

• C~*...,. FIN) Il3J~ED D~4G ~3!FFICIENT
C

XAI(1) = A35(08)
XAI (2) = A33 (ALPHP3
CALL N)1LJ (3,NAi,Xl,)C~T,XA1,DCC,LZ,t)XAI(i) = A3S (D~ )XAI(2) A33 (9~ TA)
CALL N)TLJ(4,NA1,X1,)~~~T ,XA1,OC1,IE,t)• DCC 3CC •~ DCI• C

• j .  
~~~~~~~~~~~~~ ~~~~~ DEFFI !E’lT
C

CO = C)D.3~ C +CC+0EL~ DSIN ’)~L St~ l( i. ,D ’3 ) •

• - SIN3~R • sI~ l(i.,D~) 
•

• 
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CN = Cl! )’ 1t ’sxlInEL •

‘MAt)
• CHC~~ t~o~ T-:;)’cPw12.

CNY l’Y— ’1tY’SI~l)E~CIIADY Cl?Y C11Y’SII)Z~• CMC~Y = (4).T-CG)’~ N (I12. 
-

C
C””” LT N~ 4~ ~~LE~ ATI)M ~OlIPOUENTS 3F MISSILE 111 R3)Y AXES DiE T3
C A~~ )3YIA1IC FO~C~~ ~ P4O THRUST
C 

•

4X9 = (T~R— S’Q’)’C~))/A M~ SS
AY€% - S D&5~ 11Y/A1A35 . -
42-3 = -S’~~ ’ N  /A lASS
ACX = 4XV32,2
ACY = A Y V 3 2 . 2 .
ACZ = 4 2 9 / 3 2 .2

C
C”~” 4U~ JL~~ A ~L~~ AT (DI COMPONENT S 0~ MISSIU II 9)OY AXES 3JE 73
C AER)3YI0.MIC MOMEN rS •

C
000T = 0.
COOT = S’Q~ ’( (C M’Q/(2 ‘VEL)) + (CIA )—CMCG ) I ~ YY I  f XX~~
~0OT = S’~ 3’( (CMY ’ R / (2 . ’VEL ))  — .(CIADY— CM 3Y) ) F UI — XX ’Q

C
~WT UR’1

C -

~ND
SU9~tOUTI’~E 3T.MOS (ALT, ’HO,SOS)

C
~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

C. • • p .

C’ THIS ~OUTIUE ~OMPUT! 3I~ DE NSI TY A ’1~ SPEED OF 301.310 AS
C’ A FUNCII3I 3F ALTITJ3E.
C. . 5

•-.••~~~~•~~~~•~~ • ,s~~ ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ s~~ pp s~ ...sS*4e~ .~.s ~~~~~ .s.p~~ sp
C.

• C0PI~ION /0.15/ ~AO2 (12I ,53S2(12),A..1T(t2IC
‘)ItE’ISTO’ IA( 1) ,X A ( I)

C
• NA (1) 12

X A ( 1) LI
C.

• C” AIR )EMSITY
C

CALL NDTLJ(2,N 6,ALTT,~~102,XA ,RHO,tE,0)• 
• ~HO,01’R13 • •

- •  •c • 

• 
- .

C’” SPEE) 0 SOUND •

• CALL N)TL)u,MA ,ALrr,;)52,xA ,sos,Ie,o)
C • •

• ~ET’J°N
C •

~N0 
• 

.

• SU9ROUTISI~. ~3HH AN0 
. • •

- C - •

• 

•

. 

.. • 

.

1;,
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C THTS PSCUTT 1~ OMPUTES TM : POSITION AID. V1L3 1TY O~ TIC IIScLE WIT’IL C’ PESPE~ T T) TIE AIR C~~Fr-r 3—TARG~ T Iq~ - 3F -S~~4T ~‘l) ISSJES
C’ AC CEL~~ ATI’)t1 ~3’l’iAr13S AV , All ) TO SUEDE THE IIS LE ~~WM TIlE
C’ LI NE~OF~ etG Ir. P

C’ .

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ;~~~.,33 s~~ s ~~s~~ PS !* S S* S S* S S~~’ 5 5 5 5 5 . 55 5 5 5 5 5 5 5 5

C
COMMON /A~~~ AX R, AY~ ,4?3 ,AXE, AYE, A ZE, ‘DOT,

(
~O3T ,RO3 1COM IOtI /A J...ER/ P-l0.0)T,THADOT,PSAD )T

• COMMO~I F4’l I PS, TM, ~-l ,.PSOG , T1), PH0~ ,PSA , IMP., ‘HA ,
I DSAO~, T-l~ )r,, PHADG, ‘33306, TM 3)C, 164)6

~3OM1fltl /3..)K2/ AI3, ;,TT~ ,E LF,I;U ,T~ ,U4,~~4I3E,ZI,:T,~ D)TCOMMON /~~1)/ A V , A M , W ( ,.1Z
• COMMON /CILI/ OB,)C,)T,ACZ,ACY,A CX , 31A5,GHBTAS ,IJK

COMMON /C1~~ 2/ R,~ ,j,J,~~,81,P1,P?,K,?COMMON FOE~~ •O,RL,C9~ ), HCG,QQ,S, VEL,THR,CM4)Y ,~ M:;Y,RY• COMMON fIrIITL/ H,TIM~ ,tTA flL,rpR,I..~ G
COMMON ‘M8. T R IX /  CEll, T2,CE13,CET., T5,CET5,~ ET7,CEV 8,C!T3,

~~• Y~~ •i~~~~ ? I~ I’ • —- S ? 1 7 ?~~~~£ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~.l L .~~J I J L J 7~~

I
1. SDS~ 4,CPSG4,SrH~ A ,CTHGA

COMMON / 033 F  X ET ,Y ET , T ,X EA ,YEA , 2 E A ,~~A N 4 T ,(Z, (Z ,Z E
• COMMOII I’~RlT1/ DY ,DZ,O~JY ,OVZ,AYP,A Z P

COMMON /V~_ 3~ X~ O,YE),7E3 ,XEAO ,YEA), ZE4O,JB,J3,~ 3COMMON /VT~~ 3ET/ KET3, (ET0,ZETD,K~ TO,Y8TD,ZBTD
C
C”~’” FIN) °OSITION D~ TA~ GET RELATIVE TO AIRCRAFT (EARTI AXES )
C

• XA T = X Z T - XEA
VAT Y ET - Y E A
!AT !ET - Z!A

C
C”’ FIN) V !_)~ tTY 3 TA~~ ET RELATIVE ~3 AIRC~~~ T I~ C0.~ rH F~~ MEC (EARTH AXES )
C

XTAO I = XETD-XEA O
YTAQI = YEfl—YEA D
!TAOI zEr)-zEAD

• - C
- • C”” FIN) 4M~ J L 4 R  VZLO~ITY OF AIRCRA T FRAME RELATIVE 73 EARTM FRAME

C (WA) (EART H AXES )
C,

• 
- • WAX = D4AD)T’COS (THA)’~ OS (PSA )—THA)OT’STl (PS4)

WAY = ‘ l4O3T ’ :oS( 1H8 ’~ tN pSA +Th4 Or ’COS PS~~• WAZ = - ‘M0.3)T ’S IIUT IP.) i-PSA DOT
C
C” FI ND VE_ 3 ITY 3F 10.R~ ET RELATIVE 10 AIRCRAFT Ill AIRCRAFT FRAME
C’ (!A~ TM A XES)
C -

• XTA )4 = xrA )r—wA y~zAr .4Az’yAT
YTA O A = YrA )r—WA Z’xAr.-44X ’ZAT
21400. Z T A 3 I — W A X ’ Y A T f 4 O I Y . X A T

C
C~’~’~~” TRA~SF)RM VELOCITY OF TARGET RELATIVE TO 4IRCR0. T TO
C f lM3A L 3(E S

- 

• YTADAG : C E T i ’XTADAl~~ET ’YTADA +C!T3’2TAOA
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tTADAG = T7 ’XTA 30 . E T S YTA DA +C ET ) ’ ’ JACA 
•

C
• (~~ s •3 S 5 S  COM~ JTZ ~t10A1 A I L  RATES (G113AL. AXES)

• 
L 

- °SGAOO’ YTAD A G / RAIA T ’CT IIGA )
THGA OOT

C~~” TRAIS F3RI A NGULA R V . L O C IT V  OF GIM 3A L PRAM! RELAT IVE TO AIRCRAFT
C FRAME (GA)  TO LARII  AXE S
C

W GA X = —CI 1~ PSr,A 3T’ST164fCIG2’TH50.)DT+CI63’ ‘SGA)3T’CTH(*
• 11GM = - ‘PSGADoT’STHGA+CIG5 ’rH A))T+~ I~ 5’’~~ AO)T’~ THGA

W G AZ = —CFT’PSGAODT’ SrHGA+CIG8 .THGA )DT+~ IG 95D3r,AO)T’ THGA
• C .

• 
~~~~~~~~ FIND AI3 JLAR VZL O~ I T Y  OF GIMBAL FRAME RELAT IVE T O EARTH ~RAN!

• C (1351) (EARTH AXES )
C - •

WGI X = l1CAXS~lAX
WGIY = ~IG4Y4WAY •

11512 W 6414WAZ
C
C”’~~” • FtM’) A IGULA R VE..3 ITY OP LINE OF SIGHT (4LOS) (EARTH A (ES)
C

W X s  W~ tX
WY IGIV
117 133!?

C
C”~’’~ FIN) ~35ITION 3F IISSLE RELATIVE 13 AI RCRA:T (EA RT I AXES )
C

RANX X! - XEA
• RAMY YE - YEA

RAM?
C
C~”4’ FIN) VE _ DCI T Y OF II5SLE RELATIVE 73 AI RCRAFT II EARTH FRAME
C (EART H A X E S )
C .• VAM X = (.0 - X EAD

VA KY Y E) - YE AD
VA M Z ZED - lEAD .

• C
• . C”’ FIND CISTANCE OF IISSLE NORMAL 1~ ..INZ OF 5T~ HT

• C
3Y =C T4~ RA $ K  + CET3’RAIY + CETG’RAIZ
CZ CETT’RAIX 4- CETS’~ A1Y + C!T9’RAMZ

C.
C~”~’” FIN) V!..OCITY OF MISSLE NOR MAL TO LINE OF SI5HT (EARTH AXES )
C

-• OELX O = VAIX+WZ SRAM YaWY SR#MZ -

DELYD:V AMY-4ZURAMX+W 1(’R#MZ •

DELZO:~ AMZt.l Y’RAMX W (’RAMY
C
C”.’.” TR AVS ~ 3 R M  V E L O C I T Y  )F  H I SSLE M 3 R M A L  TO L I N E  OF SIG~ T
C TO A i RCRAFT GIM3A _ A XES
C

0VYzCFT 4~ D LXO + CET ’)!LYO + CETS’D!LZO
• DVZ:CET T’3!LX0 . C!T3’)!L~ D + CET ’O !LZO

C
C’~~~”. F I N D RA1 ! FROM MC S SLE To TA R3ET



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0 

• •

-RAP1r,:S3~T((XET—XE)s’2e(yCT~ yE)e524(lET.7E)’e2)- Ct I 
• C’”” F IN) 1E..) ITY OF II SLE R.!LAT!V E 13 TARG ET ( EA RT H A X ES )

C
.

VT MX x:3-x:TD -
VTrI V = V E3- Y TO
VTMZ = ZZD-?!TD

C
C” COH’JTE RETRAN FRE~ JEP3CY ERROR

p C
IF(X 11.2.1 30 TO 2 -
ALA 1 = .t

ATAl2 (SIGM (~~~RT (YAT”2+Z4T”?),YAT),XAT )
31312 = A r P . 1 ? ( 5 I G M ( S ) R I (~ A I Y ”2+R41Z ’ ’2 ) , R 4 9 f ) , R 4 M ( )
SIGI3 = 1(TAM? (SIGI (S)RT (YEAD”2+ZEAD”2),YZA3I,XEA))
£PSII = ATAl2 (SIGp4 (s~ RrU yET—YE )~~’2+ ZET—ZE)’’2 ,YET—YE),XEt—XE)
EPSI2 : AT412 (5IGN(5)Rr(YEr3”2+ZED’’?),YED),X!3)
$1G1 = A’~3 (5IGI1—SIG (3)

~IG2 = A~~S (SI3I2—SI3 (3t
EPSI = A’35 (!’S11—E’SI!)
!PS2 = 49S (E’S12—51G12
DEIF = A35 (jA~~(CO5 (St3j)—C3S (SIG?))+J!L’ (COS (!’32) -COS (EPSt)))FI ALA M

C
C’”~~” COM’JTE 4EADIN 3 TM9AL X AXIS (EARTI AXE S)
C

• 2 DSGAP A3ZI(S PSGAS )S(DHA)/COS (THA))
• 

. ‘IGA ‘SCA’I’SA
MGADG H3A’3?.295

• C
• C~~~’” TRANSFORM VELOCITY OF MISSLE RELATIVE TO TARGET TO GIMBAL AXES

C TO ~IN) A’PRoxrMArE LOSURE RATE
C

VC = C T 1~ 1TMX#CET2’IT1Y.CZT3 VTM?
C
C” FIN) AP’R)XIHAT ! IISSLE TIME 13 6)

- TTG RAU3!/A9S (VC)
C
C’~” COM’JT E AC C ELERAT IO I COMMAND COEF ICIZNTS
C

IF(TTG,LT.TR/4.) TTG = TR/k.
RR = 1000.
CH =

CI = •0155’(TR/TT3)”2
C? = Zt ’ .l!i’ (TR/IT )
GGB I AS = 1.

CO =(2. 5 11Z ’VE L/32 .2—RAN3E’vOOT’WZ / (32 ,2 ’VC L))
C
Ce”’ ACCO~J1lT FOR GUIDA’ICE DELAY -

C
I F ( ( X  T . . 7 )  OR . ( A C X , L T . 9 . 5 ) )  CO 73 3

• * 11=0 ,
A V = O ,
GO lD 100

C
C’••’~~” IF MISS.! IS A’IEA) OF LOS, COIIMAN ) TURN TO PARALLEL LOS

• C
• • 5 IF(!GU!fl.!~ .1) GO TO 11

• 103



•-• .

AHT = C1’ (-13A—PS)
• AXI =

AV I = AMT’~ 3c PS)
• 4X~ = CETI’AXI+ CET2’AYT

4MG =
AVG ( 1’) Z4 C2 ’DV Z )  PG~ 9IA S

C• C’~~’” TRAI~F3R1 AccELERArIoN COMMANOS TO MISSILE OOY AXES
• 

• C
All = C’434’AXS+CHG5’Al~~-CHG5’AVG
AV —CIG7’AX3—CM38’44 +CMG9’AVG

C
• C” TRA ISIT I3M TO COlIMAlO TO LOS

C
AHTEST = (-Ct’OY—32’OVY)
IF(HGA’4’lT!S1.3T.0.) ) TO 100

• IF(x .Gr .2.)  IGUID L . -

C
C”55” COMMAN) ACCELERATI3I TO LINE OF SIGHT
C

10 AHG =

•
~~ AVG = (1’)Zi-C2~ OV Z HG 3BIAS

C
C” TRAMS~ 3RM ACCELERATION COKMAN3S TO MISSLE 300Y AXES
C
97 All. = C M35 ’AM3- C MGS ’AV3 -

AV = -~ 1G3’A1G +CM39 ’AV3
• C

• 
•
‘ 100 RETURN

C .
END

• . SUBROUTINE CONTROL
c • -

• C.•.,..,....,.,..,..,..,,.s.,5.5... ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

C” . . •

C~ THIS ROUTI’I! SIMULATES THE ACCELERATIO’1 AUTOPILOT AN ) CONTROL
C’. SURFACE 3YIAMICS AN ) DET~ R MZ NES THE !F~~~ TTVE CO lT’). SJRFAC!
C” D!WLECTIO NS COB, DC) 3IV~ M THE ACCELERATION COMMANDS (As, AM).
c’ •

- • C4**”..3” ’5,.,”...’5”, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C

• COMMON ~CM )/ AV,AM ,W Y~~ Z - •COMMON ~CNLI/ OB,3C,)T,ACZ,ACY,ACX, BIAS ,GH3IAS,IJK
COMMON /CIIL2/ R,~ , ,U,C,Bi,P1,P2,X,’

C

C. S

C’ VERTICAL CHANNEL APPLI?I!R • 
•

C. • • • .5

C’ C B C 3,11(,03 S +1)/CO 1 S + 1 ) ) ,  4IERE s = P11 • 
•

C’ S

C
C•” TOTAL COMMANDED VERT ICAL ACCELERATION (LIIITCO TO 20 C’S)
C

*xAV + G~ tA S• IF(A.GT. 2 0 , 14 20.
• IF(*.L!.—20 . ) A —20.

H ~~~

-•

~~ 

.
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~~~~~~~~~~~~~~~~~~~~~~~~~~

•
~~~~

-
~
- -

~~~~ ••,~~~~~,—-~~ ~~~~~~~
• •

~~ 
-
~~~ 

•- 

• 

, 

~~

-•

~:

C 

• 

‘ . 
-

C” ADD V’RTICAL ACCE~ !ROP~ETER DAMPIP1 3 COIMA N)
1 ) -  C .

AC?
C
C... ” ACCOJ ’IT FOR GUIOAICE DELAY
C

IF(X .LT..T.OR. ACX .3T.3 5)0:0.0
C
C” COM’UTZ VERTICAL C1~ NNEL OUTPJ T (_ IMITEO 13 8 )EGREES)
C

• 91= 131 1’3—10.’C)’OTP3t - 
•

C 01+ 933 ’3
IF(C 31.11. t)C=t l.t
IF(C.L!.—11. i)C=— 1t ,t

C
C” ADO ~ITCl BODY UT! )AMPII4G COMMAND

- C •
0 * C •11..S’Q -

C
I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~C. . P

C’ HORIZ3PITP.L 31A IPICL AMP _ IFIER p

C’ • p

C’ P2 = DC 3.11(.03 S +1)l().j S + 1 ) ) ,  WHERE S = JW
C’ p

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,.. ,... ...... ,.... •.,.•s... e55 ,,, .,. ,•,,p,,
H c -

C” TOTAL 3MMANOEO 1)RIZONTAL AC ELEROITION (LIMIT!) TO 20 C’S)
C .. .

H=AH
IF(H, GT. 20. ) ‘4:20.
IF(14. LI . — 20. )  H =— 2 0. -

C
C’” 400 HORIZONTAL ACCLEROMETER DAMPING COMMAND
C

0 H—AC (
C
C’• ” ACCOJ~IT FOR GUIDANC DELAY
C• IF(X.LT..T.3R.&CX.GT,~ 5)0 0.0_ • 

-

• C
C 5.*S COM’JTE IORIZOMTA_ CIANNEL OUTPJT (LIMIT!) 13 3 OE3RE!S)
C

• 

• 
Pj:(31.t’3—tO.’P2)’D15’I
P2P 1e ,~~33’3IF(P2. T.lt.t)P2 11.t

• IFCD2..!..tt.1)P2: tI,t
C • .

C” 400 YAW 930Y RATE 3P.MPING COMMAND •

C • .

RP=P2—tt. t,S’R •

C. • -

- ‘ C” ADD HORIZONTAL ROSS3VER AND FEEO3ACK TO VERTICAL CIIANMEL
• C

• E~—G+R’4-O 
.

C”.~~ COM~UT! VIRTUAL CONTROL SURFACE RATE (LIIITZO TO 300 OE3REES -

H •
. 

• 

• 

• 

•

•

. 
- 

.
. 

• 

-•
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• 
—

~~~~

— C PER SECOND) . 
• -

• C
-
~~ TF(FF . T- 300.) FF=300.

IFCFF...E. — 3 00 . ) F F :— 3 00
C
C”” INT EG RAT E VERT ICL CO NT ROL SURFACE RAT!
C

• G FFSDT1G
C
C’” ADD YERrICAL CROS 3VIR AND FEED3AC ( TO HORIZONTAL HANNEL
C • 

-

SI=—0+RP—~J 
-

C
C”” COM~JT! IORIZOHTA . CONTROL SURFACE RATE (_ !MITEO TO 300 O!GR!ES
C PER SECOND)
C

T=6&.7’51 • -

IF(T.GT,300.)T 300.
IF(T:Lr.—300. ) T —300,

C
C’” INTEGRATE HORIZDIITL CONTROL SJRFACC RATE
C

U=T’DT+U
C
Cu” CALCJLAT~ EFFECTIVE VERTICAL CONTROL SURFACE DE~ LECTIOM (OS)
C ‘ (LIMIT!) TO 15 DE3RE!S) • 

-
C

• IF(03.3T I;.)oqais.
IF(OB..T.— 13.)OB=.t5. .

C
C”55 CALC’JLAI! EFF(CTIIE HORIZONTAL CONTROL SJRFAC! )EPLECTTON (DC)
C (LIMIT!) TO 15 3!3REEs)
C

IF(DC.3T.1;.)oC=i;.
IF(DC LT . —1 . ) O C — t5 .

C
RETURN

C
END
SU3ROUI!P1! £ULER (I LA~ 1

C
C”’~~”~~”~~~”• 

• 
C.
C~ TH IS ROIITP4! ~~MPUT ES 11 AIRCRAFT GIMSAL ANGLES P33* AND THGA
C’ (ASSUMI N ~ER FZCT TAR3!T TRACXING A~iD COM~ UTZS THE I R A I S F O R M A T I OM ‘
C’ MATRICES 1341CM RELATE TIE EARTH AXES, A IRCRAFT AXES, 311841 AXE S ‘

C’ AND MISS_I AXES. •

C’ • P

~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ sp ~~s s p
C . -

COMMON /*CC~ 4X9,AYB,AZ3,AX !,AyE, AZE,PflOT, (~D)1,RO31COMMON ~Al3/ PS, TH, 5M, PSOG, THD , D90 ,PSA , 114, ‘IA,
PSAO3, T1~ DG, DHAOG, ~S,AOG, T4~A)G, IGA)GCOMMON ~‘ft TR t X ~ C!T1,C~ T2,C ET3 ,C~ T~.,C!T5,:ET~,:ET?,C!18,CETa ,

I ~I,1, ~Ij2,,Ij3, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

______ - _—•-----.—.——_. -~~~~~



I

I
• I 5~~~J A , . ~P S G* ,~~1I , A , C TII ~ A

( 
COM MON ,~ )5l X ET ,Y E T ,7~ T ,xEA, yEA, lEA ,RAHA T, XE, Y~ ,Z~COMMON /V EL)/ X EO,YE ) , 7!fl,X E4D , Y EA~ ,Z!4D ,UO ,J3, W 3
COMMOPI I V T % R 3 ! T /  *!T),VZTO,?!TD,X3TD,YOT),ZOT)
REAL Lt~~,L2~ ,L3P ,MtP,1?P,M3P,t1tP,N!P,’l3P
REAL Lt,L2,L3,N1,M2,13,~11,N2,NJ - -

C
IF(!FLAG.!O.2)GO TO 20

C
C” TP.ANSFORMATIOII FROM EARTH TO AIRC RAFT AXESc

L1P COS (114) ‘COS (P5A )
L2P SIN(P A I ’ C O S ( T 4 A ~L3P —STfl (T~4A)
M1’=CO5(~’S*)fSIN(T’lA)’3I’1(PHA)—SIM(P34)’COS (’4A)• I2P SIN(’SA )’SIU (TIA,’SrN (PHA ) + COS(’SA)’COS (”IA)

• . . M3P=CO (TIA)~ S1N (0HA)
NIP=COS (DSA)5SIN (TMA )~~C3S(PH4)4SIN(PSA)4SIt4(PIA)
N2P SIN (PSA) ‘SIPl (TIA ) ‘C3S (PHA )—COS (~~3A)’SLtl (’IA)M3P CO3 (THA)’ OS(

~
rIA)

C -

C”•’•’ TRANSFORIATION FROM EART H TO MISSILE AXES 
•

C
LI = C)S(T4)’COS(PS)
12 = S!N(’S)’COS(TI)
13 = —S INCTI)
Ml = C)S(~ S)’SI)1CT’4)’StNCPH) — SII1(PS)’COS(PH)

• ‘12 = SIN(’S)’SIN(TM)’STN (PH) + COS (P3)’COS (PH)
- P13 = COS (T4)’SIN (PH) -

NI. = COS(D3)SSIN (T4)SC)SCPH) + SIN(P3)’SIM(PH)
112 SIN(~ 3)’SIN(TM)’C)5(PH) — COS(PS)’SIN(PI)
N3 = C)S(TI)’COS (Pl)

C
C” F~N~ ~*NSE FROM A IRCRAFT TO TAR 3Er
C

• RA PIADS2RT ((XET—XEA)5’! + (YET—Y!A)”2 + (ZET—ZEA)”2)
C
C” COtl’JT! AIRCRA FT 3IMBAL ANGLES (UNITE) T O 30 DEGREES)
C

- - C THE CO4’UT%TIOPI O~ C19 4 AND CPS3A IS VALIO ONLY I~ TI3A IS
C BETWEEN —30 DEG AN) + 30 DEC

• C
• STHGA=— (’1t”(XET—X !A).N2P’(YET—YEA)+N3P’(ZET-ZEA)) # RA ’IAT

• IF(STH 4. 3T.1.)STH3A=. 3999
IF(ST H A LT. — t . ) S 143A - .9999

- CTIIGA=SORT (I —S11434’3143A)
THGAD G A3IN (STH34)’5~ .295C -

- SPS5A=1 ,/ ( RA MAT ’CT HGA ) ( (XE T— X EA )S Mt ’ + (Y ET .Y!4 ) * 92 ’ , (ZC T — Z EA) ’ M3P)
tF(SPS A .31.t.)SPS A :,9593

• TF (SPS3A L1.-1.)S’S3A -.9999
CP SGA = (LtP’(X ~ T XEA )fL 2P’(YET YEt) P.3P’(ZEr ZEA))/ (CTHGA’~ *NAT)PSGADG = A3IPUSPS3A ’;7. 295

C
C” TRANSF)RIATION FROM AIRCRAFT AX ES TO 3IMBAL AXES
C .

CATI=CTHG*’C’SGA • 
•~~~~~

• 
•

• - 
.

• 
.

H’:4
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- -

— B  •

• CAT2:CTH~A’PSGACAT3 —ST IIGA
— CAT~ :—S DS3A

p 1 CAT5 C’SGA
S
’ - • f

~AT& 0.0
CAT,=sr H3A’03S5A
CA T8 STHG A SPSGA

- CAT 9=CTHGA
C
C•• ”• TRA NSr)RIATION FROM EART H AXES 10 GIMBAL AXES
C -

CETl C ~Tt’_tP+CAT?”i1Ps’CAT3’N1PCET2 C~ T1’
_ 2’+CAT2’M?~ ” CAT3’N2P

CET3 CAT 1’. 3P+C4T?’’j~ Pf CAT3’U3P
CETl.= r~

5 _tD,C AT 5’1tP, CAT5’NIP •

CET5 C*T~.’
_ 2~ +CAT ’M!’fCAT6’U2P

•CET C .T ~~~~’ _ 3 P f C A f l ’ M 3Ps C AT b ’ P 1 3P  . 
-

• CET?=CAT”. IP CAT3’MtP+CATD’NIP
CET$ C~T7s_ !D+CAT8’M?PfCAT9 N2P
CET9=CAT?’..3~ +CAT8’M3Pf CAT9’N3PC

C’~~” TRANSFORMATION FROM AIRCRAFT AXES TD EARTH AXES
C -

C141 = Cos (DsA).c3scr’4~)
CIA2 = _C3S (DS8)4SIN (T4A)~ SIN(PHA )_StN (P3A )~~C D S C~ H*)
C143 = —C3S (PS4)~ StM (T44)’COS (PHA )f5EN (PSA)’StM (P~lA )CI4~. = SIl(~ 3A)’C)S(Tl~*)0145 ~ _Stl (DSA )-5SIl (TM4 )~ SIN (PHA)+C)S (P3A)~~~3S (PHA)

• CIA6 = _SEN (DSA)~ SIN (TMA )~ COS(PHA )_C3S (PSA)~~SIN (PHA)
CIA ? = SIN (TIA )
CIA3 = !)S (THA)’SZNC’HA)
CIA9 = CDS (THA)’C3S (~ -IA )

C
4.;  C” TRANS~ 3RN4TION FROM SIMBAL AXES i~ AIRCRAFT AXES

C
r CA3I = PS *’CTIIGA

CAG2 = -S PSSA
CAG 3 = CRS A ’STHGA
CA54 = S°3 4’ THGA
CAG3 =
CAG~. = S’334’STH3A ‘

0*57 = •STI3A
CACS = 0.0
CAG 9 =

C
C”~’” TRANS FORMATION FROM GIM3AL AXES TO. EARTH AXES
C .

CIGI = CI4t’CA3t+ IA2’~ AG4,CIA 3’CA37
CTGZ = C t A t ’C A G 2 + C I A ” A G S + C I A 3 ’ A S
CIG 3 = I A t ’ CA S 3 + tA? ’ 4G 6 .CIA3 ’CA39
C134 = CrA ~ ’C431+CI4 ; ’CA 34. cI A 6 .CA3 7
C165 = :IA, ’CAG 2 + C IA ; ’~~4 G 5+C IA6 ’CA 38

- C114 = CIA + ’CAG3+ IA ’466.CIA6’ 439
C!37 CtA? ’CAG1+ CtA3 ’CAG~.sCIA9’CA37CIGS = IA?’0462+CIA3’;4G5+CZA9’CA;8
CI39 = CXAP’C453+CIA3’ AGS+CIA9’CA 9

C
C” TRA NSFORMATION FRO9 GIMBAL AXES TO MISSL E BODY AXES
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• C
CMt.1 = ~t ’C I~~I .L2 ’C t ; . i L 3 ’C I G 7

• g CM52 = Lt’:I;2+12’Ct;51L3’clr,a -
CM3~ = .t ’CI ;3 .L2 ’;I ;s~ L 3 ’CE~ g
CMG~. = Mt’CI~~1,P12~C I I.I.Il3’CIC7
CHG5 =

• •CM3& Mt ’ : I ;3 ,M2 ’cr ;~ .M3 ’CIG ’3
CMG7 = N1 I C t # U 2 ’C I ~~ fN3 ’C IG7
CM 8  = ‘lt ’C1 2 +N 2 ’C1 5i. 1S3’CIG8
CM59 l1’CI534t12’CE 5s~43’CIG9C

C”-” TRANSFORM VELOCIT ( COMPONENTS IN EARTH AXES (XE),YED,ZED)
C TO IISS_E A XES (U3,V3, W9)

- C
• US -Lt’*E) ‘ L2’Y!D ~

. L3~ Z ED
NB = M1 ’X E ) 1 112’Y!) + M3’ZED
118 = NI’X !) + 112’YE) P “13’ZEO

C . .
RETURN - -

• C
• 

~~~~~~~ 1RAMS~ 3R1 ACC ELERATION COMPONENTS IN MISSILE 
AXES (AXB, AVB, AZB)

- C TO EARTI AXES (AXE, AY C,AZE)
I C

20 CONTINJE
AXE _ 1’AX 3 s. Pfj’AY3
AYE = _ ? ‘AX H2’4Y3 i N2’AZR

• AZE = .3’4X3 + H3 ’A Y 3 + N3’AZB
C
C” ADO ACCELERATION )JE TO GRAVITY .C .

AZE = A Z E +32 . 2
C

RETURN 
-

C
- END -

SUDROUTINE INTLFLT
C .

C. • 
. 

. 
S

• C’ THIS ROUTINE SETS FLI3IT PARAMETERS TO THEIR INITIAL VA~ ’JES.
- 

C’ P

I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

C
- COMMON ~AZiL !R/ P-IA3)T ,THA DOT ,PSA D)T

• COMMON IAN3I PS, TIM , ‘4 , P305, 14)3, ‘403 ,DSA , TIA , ‘IA,
I PSADS, 1I~ OG, PHADG, ~S AflG , TilGADS, -4GA)G

COMM O N F RLOC <t/  X X I , Y Y T , ~ 7 ,A M A S S ,~ G,~ G, ’BI A S ,XX
• COMMON I~ L3C~ 2/ AM3, Av ;,1T3,DELF,I3UZD, TR,UA ,RAN3 E,ZI, T, VOO T

COMMON ~C1)/ AV ,AM,WY,4? 
-

COMMON /CNILLI OS,OC ,~ T, Ac Z,A Cy ,ACx, ;3 IAS,G43tA S,tJK
COMMON /~ N~~!/ R,~ ,3,J,C,BI,°t,P2,X,’COMMON /D!RF O,RL,CMA,,CMCG,qq,S,v!L,THR,CM*3(,CM~~Y,RYCOIMON /~ tl/ DODD, DEVICoMMON / INIrL/ H.TIME,LIASL,IPR,1L13

• 

• 
COMMON ,P35~ XCT,YET,ZET ,XEA,YEA ,j!A,RANAT,X!,YE,ZE
COMMON /V E_ 3/  XEO ,Y !) ,Z! f l ,X EAf l ,Y EA3,EEAO ,~JO, V3,WB

C
C

• L:i
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•

C” CONJERT AIRCRA FT ATTITUD E FROM )E~ RECS TO RA DUNS
Ci~J THA = T’IAO; .‘ ?.?)5

D)4~~ = DIA)~ 57.V35
PSA = PSA) ~ 57.235

C
C” ’~ ’ SET INIIIAL GUIDANCE FLAG

• C
IGUIO :0

C
C” INITIALIZE MISSILE PARAMETERS TO AIRCRAFT ‘ARAMETERS Al .AU II M
C

TH:THA
PS = PS A
PH= PH A
XE X EA
YE: YE A
?E=ZEA
XED=XEAO

• YEO=YE *O
ZEO =Z EA )

• VEL = JA
C
C~~~’~” INTIALIZE ACCELERAT ION COMMAND S
C

AM : 0.
LV = 0.

C
C’s” SET INITIAL VALJES O~ INTEGRAT 3~ S IN CONIR3L SU3ROJT INE
C -

• D T = H
= o.• 82 : 0.

P1 = 0.
P2= 0. .

C = 0.
6 = 0.
U = 0.

C
C~~”” SET INITIAL VALUES OF MISSILE A .~iGJLAR VELOCITYC

P s 0.
~~O * 0. -

R : 0.
C
C”5~~~” SET I N I T I A L  VALUES OF AIRCRAFT EU_ER RATES

• C
DHAOOT O.
THAOOT=0.
PSADOT’O.

C
C’~” SET INITIAL MASS ‘ARAMETERS AN) REFERENC E AREA OF IISSL!
C

AMASS • 500./32.2
XXI :2.5 -

YVI •- 5?.0 . . - •

• ZZI = 37.0 . . • -

• S = .8?5 
•
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C
C” S:T INITIAL VALUE S ON ACCELEROMETE R o~r~ r s( )  C . - l

- ACX = O. • .

A C Y = D .  
• 

-

A C Z = 0 .
VDOT O.

C
C” INITIAL IZE TIME
C •

X = 0 ,
C -

RETURN • - 
•

• C
END
SUOROUTIN! ‘4OTLUINO, IA , X ,Z, XA ,ZR,I!, 4!XTR)

P 
• C

,.,,.. ...,,.,,,, ...., ,,..,,,,.S,,. ..I SP*PSP

C. 
• 

I

C’ ‘4—OIMENSIONAL TABLE .03K—UP ‘

C’ . 
I

C’ GIVEN THE AR3UrIENTS X (l),X(2),...X (N-t),
C’ C3M?JTES Y = F(X (1),X (2),...X(1—1)) BY
C’ .IN!AR INTERPOLATION ~ROP1 A TA3LE.
C’
C’ ACCURACY RE AL SINGL E PR ECISION • P

C. - 3
C. - . - . 

- 
I

• C’ cALLIN; SEOU!NCE . 
- 

• - • 
P

C. . • I

C’ CALL L3DKJ?(NO, NA,X, E,~~A , ZR,IE,NEXTR)
C. WHERE
C’ NO = D I M E N S I O N  OF L0O<-U.P
C’ WIE N f: (X) NO s 2 -

c’. . . •

C’ NA = AN ARR AY OF LENGT H NO-I
NUMBERS OF VALUES OF !ACM 1*3.! OF X ‘ 

-

0’ TIE IA 3LES ARE LISlE) BY SIZE, TIE LAR3E ST nIRST.P
C’ . I

C’ X • TA3L!S OF EACH X IN ORDER
C’ 1 = FJMCTI)N VALUES - 

•

C’ IF A = F(X,Y ,Z )  THE )EPEM)EMT VARIABLE ARRAY
H~ST BE IN THE F3LLO4ING ORDER.

C’ ASSU M E X = 4 , 4 = 3 , Z = 2  • ‘
C’ Z (t )=  F(Xt , f1,Zl)  Z ( I3 = F(xt ,yj , Z2)
C’ 1(2). F(X2 ,fl ,Z l) 2(1-.)= F’ (X2,y l ,Z2)
C’ Z ( 3 ) s  F(iC3,(1,Z1) Z( 15) ~(X3, Y L ,Z2)

• C’ Z ( ? ) =  F(X3, Y2, ZI) Z(t)) r (X3,Y2,72) S

C’ Z (3 ) ~ F (Xt . , ( 2 , Z t )  1(2 0 ) :  F(X~,Y!,Z2’
C’ 1(9)’ F(Xt,(3,Zl) Z(2t) F(Xi,Y3,72) . P

C’ Z ( t 0 ) =  F(X2,E’3,ZI) Z(22) ~(X2,f3 ,Z2)Z(tI)= F(X3,V3,Zi) Z(23) (X3,(3,!2I 1-
C’ 1(12): F(X~i,Y3,Zi) Z(2~) F(X4,Y3,Z2) ‘• C. I

C’ ZR RESU.T • ‘

- C’ • . . 
. . P

C’ 1EXT~ • . I E X T R A P O L A T E  -,

- C’ S • NO EXTRAPOLATI3N . . .

• 
.
- -
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S 

C’ . 
. 

• . 
P

C’ • ERROR CODE
. C’ 0 IIO ERROR • P

C’ —I X A R R A Y  TOO SMALL P

C’ I X A RAY TOO LAR ;E •
c’ • 2 ARRAY NOT IN AsCENDING ORDER •

C. . P

C’ 
• • P

C
OI PCN~10l *C1 ) ,Z(i),4A(I),XA (j),N5 (5),WJ(32)
~QUIVA _E’1C! (XMM ,MM) , (XMW ,PtH) 

•L 1 2  -
.

• LF•,13—t
00 3 IsI,L~L2 Lt+N A(I).2

• DO ~ JzLt.L? -

• 
- TF1X (J).GT.x (J—i)) 5) 13 6

IEzZ
• 

• R ETURN
6 IF(FOUND. ’1E.0.)-GO TO ~+IF(XA (t)— XCJ—I )) S, l.,+
6 IFCJ GT.Lt) 3D TO 10

IF(NEXTR .ZO.0) GO TO 37 -

NS(fl :_ t — I
• GO lD ,

3’ IE —l
• RETURN •

• 10 FOUMO=t.
MS( t ) s i—2  -

f. CO’ITINJ!
IF(F0U19 11,12,11

12 TF(XA (T)—X (L’)) 13,I3,tI~I- IF(NIXTR.NE .0) GO TO 13
1E1
RETJRN

13 NS(I ) .2 —I  -

tt 11 L2 +2 
-

3 CONT I N JE . •

‘CFz2”LF

00 15 Zr i,(r ,2
L10

• Il’S
MbfrMW+!
NPT I .

00 j~~~ 
).1~ _ ?

MN 2”(J—I) .

IF(A ND(XMM ,XNN) . E~A .0) 33 TO 22
t1sNS(J$~~t• cO TO ?3

22 I:P1S( J)
• - 23 N N— L I •• Li:LI+N* (J)

• - !Z’NPT’(M—l),IZ
• 19 NPT NP I ’NA ( J )  

•

]12 
. 

- .

• • 
• • -



KF:ICF/’
RATI O= (XA (tI —X (M ),~~(((1it)—X (H))
00 32 Js1,~~

32 WJ (J)=4J (2’J—1)+(KJ (~~’J)—WJ (2’J—I))’RATI3 -

• ZR WJ (t)
C

RETURN
C . 

-

END •

SUOROUTIPIE OUT FLT
C L

-
• 

- C. I • 
- •

C’ THIS ROUTINE ‘RINTS TIE OUTPUT OURL .N TIE FLI3IT
C’ • 

• ,

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C

COMMON ~A !R1 OCL,DCC,C’1t ,CMI,CC,CM!,CN2,CM ,CDO,OZLCO,A M A C M ,ALPHA
1 ,A L T , O ! T A , C C Y , 1 2 Y , C N 2 Y , C M Y , C N 1 Y , ~~M t Y , O C C Y , O, N , CN Y
COMMON ~A N I  PS, TI , ~~~~~ P503, TID3, P?1 0 ,‘SA , HA, ‘IA ,
I PSADS, TI~ DG, PMAO G, ~S 4DG , 1H34)G , HGADG

COMMON /D_3C~ 2/ AH~ ,AV 3,TTG,DELF,I3UID,TR,UA ,RAMG !,ZI,CT ,VD 3l
COt4MON ICM)~ AV,A I,dV, 4Z

• COMMON /CIr l/ 0 8 ,o : , O 1 ,# c z , A c v , A C X , ;3 I A s , G I 3E A S , I J K
COMMON / C I V L 2 /  R,~~,G, ’J,C,B1,P 1, P2 , X , ’
COMMON / OER/  ),RL,C1A),CHC3,00,S,VEL,THR,CMADf,CMC Y,RY
COMMON ~D35~ XZT,Y!T,ZET ,XEA,YEA ,ZEA,RANAT,KE,YE,ZE
COMMON ~PRNT 1/ DY,OZ,OVY ,OVZC

C” CONVERT MISSLE ATTITUDE FROM RAOI*NS TO DE REES
C

PSOG 5T .233 ’ 3S • 
-

1H3G=5?.295’TH - • 
-

PHOG: 57 , 29 ‘PH
C
C” OUT ’J T - -

C - - -

WRIT E(S ,900 ) -

• WRITEU,qos,x,TTG
• W RITE(f ,,qiO) V ZL,A MA H,DELF,IGUIO - 

•

WRITE (S,015 OY,OVY,A-13, AH,3ETA ,DC,AC Y
• . wRIT~ (3,923) oz,nvZ,Av;,Av, ALPHA ,o3,ACZ 

.

WRXT!(~,V5) XE,PS3G,X~ A ,PSGA0G,HGAO3
WRIT!(S,330) YE,TH)5,Y~ A ,THGADG •
WRIT!(S,93 1  ZE,P43 ,ZEA ,W~ 

• .

C . .

RETURN • • 
•

C . . 
•

900 FORtIAT(l) -• 105 FORMAT (tx,;HTIPIE ,‘~~,2,3X,I.HTTG ,P5.!) 
. 

51~

910 FOR!IAT (IX ,,IVEL ,F9. !,3X,5HMACH ,F3,2, 3X, 54 ) Et.F ,F9.2, 3X,&1113U!) ~• 115)
915 FORMAT ( 11X,24oY,Ft I ,L,3x ,l.HDVY ,F9.2 ,SX ,3HA11 ,CII,?,3(,3HAI ,F6.2,

- 13X, SHBETA ,F?.2 ,3X,51)C ,F9.2,3X ,.’ IACY ,F6.2I

• • .•

-
• 

.

---- — S - I-
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I’D ~ORMAT ( tX,2.tr)7,rII .t,3X, s,4DVZ ,:.9.2,3)c ,31A,,;,rlt,Z,3 (,3HAV ,FB,2,
13X ,5HA L ,4 , ?., ,~~,3(, 34 ) i  ,F J . 2 , 3 X , 4 I A C Z  ,FS.2)

)25 FORM.~TU1X,?.IXE,FLI.?, IX ,3HPS ,Fi0.2,3X ,3hIX !A, FI1.?,3(,44P534,F?.2
1,3X ,...H’4’~A ,F).2)930. FO~ ’iAT 1X ,!IYE,Ftt.~~,3X,3ITH ,FI0.2,3X,31Y!A,Ft1.l,3(,5IMTIM A

• 1F6,2)
935 FORIA TC IiC,ZIMZE,F1t,?,3X,3HPH ,Ft0.2,3X,3IZEA ,?1I,E,3(,3HWZ ,F8.2)

C
END
suBRourp4E OJTINTL

• C • -

• C. • . • 

-
I

C’ THIS ROUTINE ‘RIPITS TIME INITIAL INPUT VALUES. TIME AE RO )YNAMIC
C’ TA%ES ARE A _ SD PR I N T E )  I~ ITA BL = 1.
C’ •

C .
COMMON IAN3F PS, TIM, P4, PSOG, h OG, P403 ,‘SA, 14%, ‘HA,
I PSADG, TI!405, PHADS, ‘S VDG, T43A05 , H3ADG

• • COMMON ~3.3CKt/ xXI,rf r ,7ZI,AMA sE ,~~G,43,’3IA3,~ X
COMMON I~3_ ) <2/ A43,AJ3,TTG,DELF,13U ,TR,JA,RAN3E ,ZI,CT,VOO T
COMMON /~ NTLj/ 0B,O ,DT,ACZ,ACY ,A~~ , 3IAS,GHBtAS,IjK
COMMON ~INtTL/ H ,TIMt,~~TABL,tPR,ILEGCOMMON ,P)51 XET,YET,Z~ T,XEA ,YEA ,ZEA, RANA T,XE ,Y!,ZECOMMON /VE_3/ XED,YE),ZED,XEAD,YEA3,ZEAD,UB,V9,W3

C
C” PRINT INITIAL I.NPJT VALUES 

• -

C
WRITE (S,~~000) 

.

8000 ~~~~~~~~~~~~~~~~~~~~~~ MISSILE SIMU_ATION )
9RITE (~ ,3000 XCA, YEA , ZEA, XEAO , rEAD, ZEAD, T’143G, PSADG, PHAO$
I ,XET , YE T, ZET , H, 33145, 540145, TIME, P3143 , Cl , TR , ZI

C -

C” OPTEONA: ‘RINTING 3? AERODYNAMIC TABLES
C . , -

• 
IF (IT A3L £ 2. 1) CALL OU TT D L -

C I
C” OPTIONAL PRINTING 0? VARIABLE LEGEND
C . -

IF (ILE.tQ.t) WRITEU,T000)
IF(ILE .’2.t) WRIT!(5,T500)

C
RETURN

C
7000 F0RMAT(//.~ X, 0UTPJT L!GENO”/

I”TIME — ELAP SED FLI3IT TIME (SEC) . 
•

1”TT - TIME REIAIIIN3 TO TGT IM’ACT (SEC)
- . 1”VEL — MISSILE AIRS ’EEO (FT/SEC)

I”HAC~ - MISSILE MACI NUMOER
• I~D!LF — R E I R A N S M I T I E )  FREQUENCY ERROR (HZ)

I”DY — IORIZONTAL )(STANCE ERROR (FT)
1”OVY - IORI ZO N T A L V~ LOCITY ERROR (FT/SEC)
I~OZ 

— VERTICA . DISTANCE ERROR (Fl) .

• 1’OVZ • VER TICA . VE~ )IT Y ERROR (FT~ SEC)
• I~*I 

• 
• 4Th A C C E L E R A T I O N  OMH A N~ IM~AL ?RAME CS’S)

I~ AH — IOR .  AC EL. COMMANO — MISSILE ~RA ME (5’S)
I”AV3 - VERT , ACCE.. COMMAND — IM3AL FRAME (3’S)

• 114 
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1”AV — JE ~~T .  ACCE _ . C0t1’IAND — MISSILE FRAME (3’S)
• 1”0!TA • 5I)ESLIP ANS . E (DEr,)t, .! t”ALP-iA . AN3LE o~ Ar r~ CI( (~ EG)

1”DC — !~~ !CTIVE V64 COPITI QL OE?LECTIDN oE;)
- E~~!~ T IVE ‘ ITCl- i  CONTRO . D!?_ECT I DM (CES)

I”ACY — IISSILE A E~ !ROM~ TER OUTPJT (3’S)
I”ACZ - MISSILE A CCE_ EROMETE R OUTPJT C3’~~ 9

7500 rO RIAT (”X E ,58X ,
1 ’XEA . 

‘
. “F

I”YE — MISSILE POSITION COORDINA TES (FT) (‘ •1
,

I ’Y!A - A IRCRAFT POSITION COOROHATES (?TI
I”ZE
I”ZEA
1”PS — MISSILE HEADI NG (DES)
I”PS3A — I)RIZONTAL IMflAL ANGLE (0E ) . “F
1”TH — MISSILE ‘ITCI ANGLE COEG)
1”THSA . VER T ICAL 3t1’AL 4NSLE (DEG) - • “F
1”PH — MISSILE BAN< AN3L! (DES)
1”WZ - ROTATIO N ~. AT !  OF LINE 0? 51 4T (RA) FSEC) “F
1”HGA — lEA DING OF L!4~ OF SIGiIT (DES)
I ’13 U 10 - I3RIZON TA L A _ O ~RIT IMH MODE “F

= 0 : C3 MIAND TO HEADIN I
169X,”flJID = 1 OMI AND TO TRAC K ’~ /)

9000 FORMAT ( ‘ INITIAL F_ I3HT CONDITIONS’ ~
i2X,~ HXEA , I3.2,3X,~.4YEA ,F10.2,3X,t,4ZZA ,F10.2,3X ,51X!4O ,~ 13.2,13X,54Y!A~ ,?10.2,3X,H7!AD ,Fj0.2/EX ,~~HT4A ,?t3,2,3X,~,HPS4 ,F10,2,13X,~eH°4A , I0. 2, 3X, ~G I K T  ,FI~.,2,3X, l.IYZT ,F1l, ‘,3X , C.-l~~.T ,FI.1, 2/
12X,2H 1 ,~ .,?,3X ,6I Dt4S ,F2,Q,3X,7I5 (BIAS ,FT,0,3’(,5ITIM~ ~?9,j,
13X,64P 1A3 ,F12.2,3X,3-I T ,F5.2,3X,3ITR ,F&.!,!.X,31Z1 ,F6.2)

C
END -
SU9ROUTINZ D’JTT BL -

C

C. . - P

C’ THIS ROUrINE PQ(NTS THE AERODYNAM IC TA3’.E SENERATED EN SUBROUTINE ‘
C’ AERO .
C’ - 

. 
•

C
• 

• COMMON ~A R T ~ L/ OCCT (5,5,6), CM’T(S,5,S),CNT (5,5,S), ~t(I9),I C C T ( 1 0 , ! , ) , C 1 ? T ( i 0 , S ) , C N 2 T ( t O , & , C ’ I T T ( t 0 , 5 ) , X 2 ( 1 5 ) ,
2 . CO3T (IO),MC DT (i0),H(E~),OE CDT (S)
COIMOH ~A15F RHO? (12),50S2(t2),ALTT(12)
COMMON /TIRSTI TIMES (Et),THSTLB (ZI) -

c
• 

. WRITE (6,50)
50 FOR’IATCtX/’~ ,X,”A!R3)YNAM1C TABL!”/)WRIT (S, 51)

~i F O R ’i A T u o x, ’OccT ’
WRITcC;,too)O CCT -

• WRITE (5,52) -

• 52 FORMAT (10X,’CMT’)
WRI T E (~ , t 0 3 ) C M T
WRITE (5,63) 

-

53 ~ORMAT (1~ X,’CNT’)wRIT:(~ ,1o)):NTWRITE (6,6S) -

____ — - 
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66 rORPIAT (10X,’xI’) •
(.5.) WRITE (~ ,t00)Xt .

• WR1TE (!,,’~.)51 FO R M A T ( 1 0 ) C , ’~ CT ’)
• WRXTEU,t 10)CCT

. WRIT (F,,55)
55 FO VIA T ( i f ) g , ’ M2T ’ )

WRIT~ (&,tI 0)CM2T
‘4RETE (F.,5~

)
56 FORMAT (IOX , ’N 2T’)

W R I T E ( 5 , t 1 0 ) C N 2 T  •
WR I T E ( F ~,5?)

- . I 57 FORMAT (IOX , ’CMTT’)
• I 4 R I T E ( 3 , 1 I 3 ) C M T T

WR t T E ( 6 ,5~ ) 
•

58 FOR’IAT (IOX,’X2’)
W RT T E( S ,t 1 0 )X 2  •

• WR I T E ( 5 , 5 ) )
59 FORMAT CIOX , ’TIPIES’)

‘ARITZ (S,t23)TIMES •

• WRITE(~ ,~~0)60 FORMAT (IOX, ’TISTLB’)
• WRIT ECS,12!3)THSTLB ’

WRIT!
61 FORMAT (I0X, ’ALTT’)

WRIT~ (5,I 33)ALTT
• W RIT E(S,52)
62 FORtIAT (1l)X , ISDS2~ ) •

WRITE (Fi,t30)50S2
W RIT E(5 ,S3)

63 F~ RM4T ( I3X , ’RII02’)
WRITE (~ ,t~O)RHO2 

• •

• WRITE(S,S.)
64 FORMAT (1OX ,’CDDT’) •

WRIT!(5~ t05)COOT • -
•WRI T E ( 6 , ~~ )

65 FORHAT (IOX ,”ICHCOT’)
• wRITE (S,I~ ;)MCHCOT

WRITE (S,ST)
67 FOR.MAT (I0X,’l’)

WRITE (5,100)eI
- • - 

• W RI TE ( S , 55 )
• W~ITE 6,c~3

f~5 FORMAT (10X,’DELCOT’)
W R I T E ( S , I . O ) O E L C O T

C
RETURN

C
110 FORMAT (10F5.~.)
100 FORPCAT ($FIO,4)
to ; F O R M A T ( 1 0 E 9 . 3 )
120 ~ORMAT (7F1Q .2)130 FORMAT(~~~10,2) • - •

140 FORMAT (SFLQ,5)
C •

END . •
SU9ROUTTNE TARGET (XI

C • •

116

, —.
~ •-

- -. -•~ fl- - . — 

- 
-



‘ • ‘
~ • 

- • -  ,— —•

C’ . 
. 

•
— C• THIS ROUTT’IE SUPPLIES 1A ’3~ T VELOCITY IN EARTH—FIXED INERTIAL

C’ OOROIt1ATTS IS A FUN TC3’I OF TIME CX ). •

C ’ -  P

C
• COMMON FVTARGE T /  X ET), Y ETO ,Z ETO,X BTO ,YOTO, Z BT D

C
C””4’ TAR 3ET IS STATION A RY IN THIS SIMULATION
C

XETD = 0. -

YETO = 0.
ZETO O.

C . -RETURN -

C
• 

. END 
. 

.

sueRourINE T IRUST(T)
C

C’ - 
, P

C. THIS ROUTINE COMPUTES TIE MASS PARAMETERS AND TIRUST DURING BOOST. ‘
C. P

• C
- COMMON ~‘3.OC< IF XX I , (v T ,2Z I ,AMAS S ,CG ,W G, PBIAS ,XX• COHMO ~N i ’ZR/ O,RL, C MAO ,C MCG ,QQ ,S, V EL,T HR, CIIAOY ,CMC Y ,RY
• COPIMOM ITIRST/ T I’ IES(Zt) ,TISTLB (21)

C
• DIMENS I ON NA (I),X4 (I)

DIMENSION 3 T ( 3 ) , W r ( 3 ) ,XXI T (
~

) ,Z-Z IT(3) ,C T(3)
C

DATA C 1 ~ 55,0, 5~ .3, 52,0 / -

DATA ST / 0., .60, ~~~~ .
I DATA WI F 500 . ,  450. , 400, F

DATA XXI I  ~‘ 3’2.5 /
DATA ZZ!T / 57.0, 5~..0, 58.0 / -• C ’

- • - - P4A(t) 3
XA (1) 1

C
C”’ CENTER OF GRAVITY 3? THE MISSILE
C

CALL NOTLJ (2,NA,ST,C3T,XA ,CG,IE,0)
C
C” W~I;HT 3~ THE IIS E.E
C
• CALL NOILJ( !,HA ,ST,W r, A,w G, IE,0

C
•C” MOM?NT 31 INERTIA AS3UT THE LDN3ITUOINAL AC tS ‘

t
• - CALL MDTLJ (!,NA,Sr,X (I1,XA,XXI,IE,0)
C • -

C’~” MOMINTS OF INERTIA ABOUT THE TRANSVERSE AXES
C

CALL p I D T L J C I , N A ,sT, z E! r,x A ,zzx , I E , o )
YYI•Zzt

• 

• 

• 

• 

-

. 

• •
• 

5

; 

• 

• 

. 
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• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
•_ ~~••5.•?S~ -

• 

~~~~~~~ 

• - - 

• 

- 

•~~
•••-

~
•

XX = (Z’~ 1 • XXI )’~ 0I%S/Y~ I .
• C S

C” P1455 0’ M ISSILE
C

ANASS=WG/32.2
C
C” COM~ JTAII3N OF TI! AX IAL FORCE DE.IVC RED 3! TIE EM;INE *5
C A FJNCTION OF TIM !
C

NA fi):~1XA (t ) :T  -

CALL NO TLIJU,NA,T IMES ,TN STLB ,XA ,T,CR,t!,O)
C . 

-

RETURN• • 
. 

C
END
SUSROUTI!1! DIX(N,~42,I3’C -  • 

.

S . C .  . P .
C’ THIS ROUTINE DRAWS A CALCOMP PLOT 3~ TI! HISSLE AND A IRCRAFT
c’ TRAJECTO’I!5 AND PLOTS ‘ERTINENT PE RFORMAN C E PARA MET ERS , P
C’

e,•... *,,, .,• ,,,•..-..,,~~ ,• •P  ,, ...P.,., , P .~~,I , ,•~~P P •~~ PPPP

C
COMMON /PL)AT*F PXET( ;2),PYET ( 52),’XE ( 52,’v! 52,PXE* 52,
I PY!I( 52),PZE( 5 2) , P Z E A ( .5 2) , F
COMMON l’LDAT2/ PAIMG 2),PAVG ( 5!),’T( 2),~ OF( 52),

- I • 
PR( 52),PAL ( 52),PBE( 52),P~ Dt( 52),POY ( ~2),PO2( 52)COMMON /D.31T31 P*VS ( 32),PBES ( 321! ,‘TS( 32), ‘R3( 3!) , IPRO

DIMENSION R0(4),Z0(4)
C • -
C’s” DRA W M3RI ZONTAL TRAJECTORY PLOT
C- - 

• -

IF(PZEI(t).T.5000.) 6) 70 5
XII s
XD = 8000.
VII 32000 .

• VO a —9~~Ø, •

GO TO IS - 
-

!F(PZEA(1).3T.20000.) 0 TO 10
XII s —30000.

- XO 20000.
VII u 80000.

• YD = — 10000 .
GO TO 15

10 XII = — 120000.
• XD • 30000.

YM 110003, -

• YO —30000 .
15 DX~~T ( NI j ) z ( i (

- • °XE T ( N42 )~.L3 -
DYET(NI 1):(M •

PYET ( N~ ? ) z Y D  . • -
PXEA( NII)=iC P(
°X CA(Pft? ) X3 ::

• PYEA (N’t)=!l •
PYEA ( N+2 ) :YO

j O  •
. 

. -
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PX!(N+t) X1

— -- 
- PYE (lI+t)=!1
PYE (IIi 2) =Y3
CALL P~.OTS(30)
-CALL PLOT (5.,— 5.,—3)

• CALL P_ )T(1.5,2,0,-31
CALL FACTOR( F) -

CALL S’AXES (O. ,0.,ISICR3SSRANGE (FT),15,~..o,3o.,YN,Y3,—.65,ts20,
I IIDO,’U) ,t,,—1,.0505)
CALL S’AX I (O. ,i..0,1~ -v)3WNRANGE (Fl),14,T.0,0.0,XM ,XD,2.80,..50,
I 11~ fl,0.,t,,—t,.0BQ5 )
CALL LTNE ( ~XEA ,PYEA ,~~,1,0,0)

• CALL- LT N~ (’XE,PYE,N ,t,0,O)
CALL LItI~ (3XET,PYET,N, t,0,0) 

• -

CALL SfMIO_ ( t..00,4.03, 126,2,0.,—1)
CALL P..3T(—t ,— .8,3)
CALL PLOT (3.0, .8,2)
CALL P OT(3.a,4.8,2)
CALL PLOT(-1.,4.8,2)

• CALL P.OT (-1. ,—.8,2) - - •

C
C
C”” ORA~ V E RTI CAL TRAJ E CTORY PLOT
C

IF(P?E.A(t). T.5000.) 3D TO 25
= 35000, . .

RD = —5000.
ZM O.
70= 1500.
~O T O 35

2 IFCPZEA (1),3T.20000,) 33 TO 30
RN = 90000 .
RD = — 15003.
7M 0,
ZO = 5000. •

• GO TO 3
30 • RM = 132003.

RD = —22000 ,

‘0 = 10000,
35 ~R(N+1)• PR (N+2) =

• 
• PZECN+L) ZN

• PZE(P4+!) = ED
ROCI)

- • ‘0(1) ‘ °Z~ *(t)
• - R0(2) 0.

70(2) 0.
— 

- R0(3) R1
- • R0(~.) RD

• 70 (3) = ZN - •
• 70 (4)  tO

CALL PLOT (i~..,0.,—3)• CALL. S ’%Xt S (0 . ,0 . , t34A_ T ITU OE (FT),13,4.0,90.,ZM,Z),— .65,t.30,
- I it~0,~ 0.,i., t,,OS0 )

• CALL S’AXIS(0,,0.,I0$RANGE CFT), 10,5,0,0.OIiRN,RD,1.50, .5290,
1 ugo,0.,t.,—1,.0305)

- 
• •

-
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~~~~~~~~~~~~~~

- -.-

~~~~~~~

-

~~~~~~

- -

~~~~~~~~~~ 
- • 

-

CALL LT’l~ (PR, P7~ ,q,t,0,0)
CALL DAcH _ N (R0,Z0,2,1)

— CALL SYM~O.(5.,0.,,1?5,2,O.,—t )
CALL P.OT(-L ,— .8,3) •
CALL PLOTU.0,—.8,2)
CALL PL3T (T.0,f..8,!)
CALL PLOT (-t. ,t,.8,2)

• CALL PLOT(t.1 e8p2)
C
C’” DRAW AHG AND MG V S TIME PLOT
C •

IF (PZCA (1),3T.5000.) 33 TO 45
1) 1= 0 ,
TO 10,
G O T O~~~• 4E IF(PZEA (1).3T.20000.) 30 TO 50

• TII = 0,
• • • TO = 2’. •

GO TO 55
- • 50 1H 0.

TD= 3.
35 AN = —20. •

- AO = 10.
DT(fl+j)
PT(P1+2) = ro
DA HG (N4j) AM •

PAHG(Ui2) 40
PAV~ (NPt) = AM

AD
• PTS(N2’-t) = TM • • 

•

“TSC!12+?) = TO
°AVS (t12+t) i AM
PAVS(N!I 2) : AD
CALL PLOt(t 4 ,0.,-3) • . 

•

• CALL SDAX I (0.,O.,I5IACCEL CuD (G’S),15,I..0,)0.,AM ,AD,— .60,L.20,
I 11~ 0,30.,t.,—1,.050

)

- CALL S’AXt (0.,0.,1041tME CSEC), 10,5.0,0.0,I1,TD,2.50, .52 0,
I 1190,0.,1.,—1,,0303)
CALL LIN (’T,PAHG,M,t,0,0)

• • CALL LINE(?I,PA VG,N,t,0,0)
CALL LTM~ (~ T S, P AVS, ,t , —3 ,i )
CALL PLOT(0.,2.,3)
CALL P L D T ( , . , 2 . ,2 )
CALL P_OT( .30,3.94,3)
CALL P_O’(3,S5,3,34,~ ) •

CALL SfM9O_ (5.?0,3,33, 0805,3HAHG,0.,3)
CALL P.OT(5.30,3,8j,3)
CALL P D TCS,&5,3,$j,?) . •

CALL S!N93b( .70~ 3.7T~ 0805,-3HAVG,0.,3)
- CALL SfM~3..(5.4?,3.80?,,0700,1,0,,—i )CALL P_OT (-I ,— .8,3)• CALL P.OTCT.0, — ,8,2)

• - CALL P..OT(7.O,l.,6,2) • 
• 

•

CALL P D T (-j ,4.8,2) •

CALL •P.,OTC-t.,,,8,7)
— •• C

• C”” DRAW A .’IA AND 3E1* VS.TVIE PLOT
• C

.5. 
I, •‘• •

• 
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~ —•,•,.—-,,- •—••—••••_•—.-•— —-_ •--_•—•_S—••.• ~~~~~~~~~~~~~~~~~~~~~~~

PAL (U+1) = AM
PALlID?) x A D • . 

•
-

• 
~8T t’I+1) = AM
POE (N.?) AD

• DOES(N?,j ) = AM
P8~ S(P42$2) = AD

• CALL P_ OT (14.,0.,—3)
CA LL S’AXI (0 . , O. , 13 1L ,  B! (0E3),13,4.0,90.,AN,A3,— .S0,i.30,
I 1190,~ 0 , I . , — 1 , . 0 5 0 5)

CALL S P A X I S ( 0 . , 0 . , I O I T I M E  (SEC) ,— 10, -j , 0 ,0 . D , T 1 ,TD,! .50, — .5230~I. 1t~30 ,0 . , 1., - t , . 0 S 0 5 I  •

CALL Lt ’ 1~~(’I, PA L , N , I , 0 , 0)
CALL L T PI ( ’T, P B E ,N , 1 , 0 ,  0 )
CALL Lt H~(’T3,PnES,N2,t,—3,1)CALL P~OT(0.,2,,3) —

• CALL PLDT(5.,2.,2)
CALL P_OT(5.30,3.34,5)

-
• - CALL PLOT (5 .53 ,3.94,? )

CALL SfM~O..(5.?0,3,~~0, 0805,5HAL~ H A ,O,,5)
CALL PLOT (5.30,3.8t,3) •

CALL P .3T(5.D5 ,~ .B1,!) 
• - 

-•
CALL S!MqO_ (;.To,3.7? , 0S05,u.HBEIA,0.,4)
CALL SY~~~3 (5 . I.7,3 .B Q T , , 0 7 Q 0 ,t ~~0., .j)

• CALL PLOT (-t .,— .8,3) •

CALL PLOT (7,0,— .8,2)
CALL P . O T ( T . f l , 4 . 8 ,2)

• CALL PLOT (-I ,4.8,2)
CALL PLOT (-t ,—.8,2)

• C
C” DRAW VM)OT VS. TIM! PLOT
C

a —jOQ, -

VO = 50.
IF(PV DT (4) . Z.0 .)  pv~ r~ t.) = PVOT (5)

- - tF(DVOT (3).G.0.) 3V)T (3) = PVOT (~ u •

tF(PVD’12).3.O.) PV)I(2) = PVOT(3)
S P VOT ( 1) 3V01 (2)

PIJDT (N*1) VN -

°VDTCNI 2) VO
CALL P..0T(14 ,O.,—3) -

CAL!. S’AXIS (0.,0.,t54V1301 (FTI5ZC2),I5,~i.0,9Q.,Vl,VO,— .60,t.20,
I 1190,~ 0.,t.,—1,.0505) 

-

CALL SDAXIS (0.,0.,IO4TIME (SEC),—1 0,,,0,0,0,T1,TD,?.50,—.5290,
I 1190,0.,t.,—t,.03051
CALL LTN (’T,~~VOT,M,t,0,0) -

CALL PLDT(0.,2,,3) -

CALL PLOT (5,,2.,2) •

CALL P~OT (-t ,— .8,3)
CALL PLOT (7.0,—.8,2) -

CALL PLOT(T,0,4.8,2)
CALL P.OT(-t ,4.8,2)
CALL PLOT (— 1.,—.8,2)

C • .
- • • C” ORAW D!LF VS TIME P_OT

• C
0)1= 0.
00 = 4.

• - PØ~ (p~) = 0.

k •
‘ 

- 

•
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- - - -

D0r(U4t) 31
— • I~OF(Pl4?) DO • 

•

CALL P...OT (t4.,0.,—3) -

• CALL S’AXI (0.,0.,151 OELF (HZ) ,15,4.0,)0.,ON,00, .60,t.20,
I 1130,9!i ,t,,—1, .0303)

- 
CALL S’AXI (0.,0.,t0ITTMC (SEC),10,s.0,0,0,T1,TD ,?.50,—.52)0,

1 11~0,0.,t.,—t,.0805ICALL Lru:(’r,PDF ,N,t,o,o)
CALL P_ OT(0.,Z.,3)
CAL L P.OT~~ ,,2.,2)CALL P .O T (—t .,— .6,3)
CALL P_OT (T.0,—.8,2) .

‘CALL P~0T(~ ,0,l..8,2)
CALL PLDT(-t ,~~.8,2)• CALL PLOT (—I. ,— .6,2)

C - • 
•

• C” ORA A DY *10 02 VS RANG ! PLOT
C

D M — 50.
00 = 2;.
RN = 13000.

• - • a —3000,
DQY(p13,t) = 3PI
DOY (N3,2) DO ..
D~~7(p(34j )  3M
POZ(P131 2) DO

~R3(’j3Pt) RPI
PR3(I13i2) RO
CALL P_DT( 14.,0.,—3)
CALL S~AXI5(0 .,0.,t1I3Y, 02 (FT),1t,p.0,~ 0.,O1,OO,-.50,l.35,I I190,)o.,t.,—I, .o3o;)

- CALL S’*XIS(O.,0.,I0lR~ MGE (FT),—tO,5.0,o.o,RI,R3,!.5~,— .523o,I i1-V3,G. ,t.,—i,,0305)
• - CALL L!NE(’R3,PDY,13,I,0,0)

CALL LIPI!(’R3.POZ,13,I,0,0)
- CALL P.O’(0.,2,,3)

CALL P~OT(5,,2,,2)U • CALL P_OTU.30,3. 94, 3)
- CALL P_ O T (5 . 5 5 , 3 .) 4 , 1)

CALL Sf N~3.(5.70,3.93, 0805,ZHOY,0.,2)CALL P.OTU,30,3.SI,3)
CALL P ..O T(5 . 3 5 , 3 . S 1 , ’)
CALL S v N 9 3_ ( 5 . 7 0 , 3 . 7 r ,  0805,2NOZ,0.,!)
CALL SVM~ 3 (5.47,3,8tT,,0700,I,D.,-t)

- CALL P_O T(-1.,— ,8,3)
CALL P,OT (7,0,— ,8,2)
CALL P.OTU.0,4.8,2)

• CALL P;OT( 1..4.6,2)• CALL P.OT (-t.,—.8,2)
CALL P_OTECIaU MMY)

C
• • RETURN

• . - . . ~~~~~~~~~~~~~~~~~~~~~~

END •

(•) • 
•
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oROc~~M O~ I~~’IJ (INPJT,OtJTPUT,PLOT) 
. . 

-

C 
-

C..
C. .. A

C’ 3’II1EZATLD~ )F R~T RAN 9I 3SEL~ TRA JE~ TORY -

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
• C 

. 

• -
C
C. A

C’ OEFINtTIO~i OF INPUT V4RIAflLES
C’ A

C’ xo ,YO,?fl — PIITT4L HIS3ILE POSITION Ill EARTH—FIXE~)
C’ ~~3~OINATZS (CT) 

•

.

C’ •

c• Vi lO — I’1TT141. ‘IZSSIL~ ~~~~ AIRSPEED CFT/SE~) .

C. • A

C’ G~ NO,°SIO — I~IITIAL IISSrLC F
’LIGHT P4TH ANGLE ~~O HE~ DI~1G

C’ (~ .*OIAP1SI A

C. . A

C’ • ALO ,9!fl — rIITIAL MISSILE ANGLE OF AT TA CK #MD S13!SLIP 1

C’ A’I L! (RADIA ~4S)
C’ • A

C’ TO — 1P11114L TPI! ( SE ) -

C’ -- • A

C HO — IIlT~ GRAr !3P1 TI9Z 3T~ P SUE (SEC
C. 

. • A

C’ TP(AX — M?~XT1J1 F .IG’IT Tt1~~. (SEC ) (SUg~~ UTINE $TAT~E~C’ TE~~lIiATES wH!q tiAx IS EXC~E)E~)C. 
. 

. • A

C•- XAO,YAO ,7A O - ENITIA . ~I~~ P.AFT POSIT!O.~1 IN EA~ t1—FTX~ OC’ 3OOROt IAT~ 3 (Fl) -

• C. A
.

C’ VAR - A IR ~~.AFT T~ U! ~I-~3PEED (FT/SEC) 
•

C. A
C’ - • MAXRU ?4 - 1A~~t 1JM NIJ’flZ~ ~~ ITE~ AT IO~1$ 3F MAIN ~~D3R.A1 A

C (
~~~3~4’f T~ f~~flTE S IF NIH ~4YOFF NO1 ~!~~H!D A

C I’I HAX ~ UN IT Z~ AtIONS) A

C’ A

C’ TOL ~~~~~~ TE~ MI9~T~ S IF J(N)—J (N-t) IS L~S5 THA N TO. A

C’ - 
- A

C’ ce — vnru_ ~~LJE 3 ~~~~~~~ VARIAB .E AD JJSTM Z1r DEFFt~ I!’1Tc~
C’ PELCO — T~’ SIZE US ED I’1 SEARc H ROUTINE T3 Ao ij s r : A

C. • P -

C KOtO,KO2O ~3EFFICIENTS OF 2ND ORD~~ CJRV ~ FIT I’) V!LO ITY A

C’. 3M LOS FJM~ TT O N 
•

• A

C.- • A
C’ KtO,K20,(30 - ‘E’l*LTV J’ICTION COEFFICIENTS • P
C., A

C’. T~ — AC:!.ER*TIOM CO~~~~ll REFERENCE ~41GE (FT)
C’ - A

C’ GG~JIAS • 3fl~ ~OIHAPD ri VERTICAL P..ANE IN 3’S • A

C’ P .

C’ CT CAItI C3EFFICIcNI ~~~ COIPIAND TO HEADI:~G 3U1)%MCE ALGORIT hM ‘
C. • .

C - -

— — ~~—.-



~-~~~~~~~~~ -----~- •-

-.--—•S-” - .-,’-—-- - 
~~~~~~~~~~~~~ •—- •— ,•‘•‘_

~~~ _.,w.5,-
~’•’ - -)‘

~
_‘•..•_•. • - .- — -,-., ..-

~~~~
---

~~

I

C’ ~~T — OA1’!~ 3 ~~rzo IN ~O’IP1ANO TO ~35 3J IO*?4~. E AL G O~ tTrf 1
C. - A

IPT — IPIIECE) SWETC-4 3Ir~ OLLING P_~ rTI~ G. Piorrz~i
; T AK E S

C’ PL~~ OILY IF IPT I
• C. A

C -

COMMOPI/ACt ,XLOS~,Y..3c~’ ,ZLOSF,PSL , 1-ILOS -

~Ol9O’1I4tC~ v40,XA0 ,Y~ 0,?A0
COilMO4’ T IA1(..I)),A~~(k10),HQ,IUN,THAX .D4Al (~,t0),D1AVR1O)i,TR,G33IA5,~~V, ZI

- 

•
COI4MO~)IMtC~ ~Mfl , GA10, P~ I 0, X f l , Y 0 , Z 0 , A.. 0 ,53~ 0 ,TO

~OHMOH’DZ~~~~~/ C010 ,1(02 3 , V.1 O,1(20,K30 -
— COMM ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

‘~OM’lO’~~’L~ AT4/XI ( 52),1t ( 52),ZI( 52),XS ( 52) , Y S (  52),ZS( 5!),
i’IPTSI,’1~ TS
COMMOP!’PL3T2FPDHI( ~!),P~ ZI( 52),P3HS( 52),P~ZS( ;?),~ HGI( 52),IAVGI( ‘),A1~S( 5!),%~~ S( 52). -

~OM13s1FPL)T3FDTI ( 5!),~~T~5( 52),RA
5
~~I( 52),~~A~ ; s c  5 ?) , *L P I (  2) ,

x~EPI 5’ ) ,AL~ S( ),3E’S( 52),vort( 52),VOTS( 52) 
-

DEA L. JI , J2, JTj, JT2, <01,1(02,1(1,1(2,1(3
REAL K0t0,i(O2O,KI0,K20,K~ O 

-

C •

~~~~~~~ RE6~ IIITIAL C3NOITTONS AND TIM! STEP
C . - 1 1

• ~EM) in ,x0,yo,Zo,~ 1o,3~ Mo,PSIo,ALo,a!o,To,Ho,rItr*x,xAo ,YAo ,zAo,vAo,tiAXRW1,TOL ,
~
O,flEL

~
0

10 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
REa’~ 19,I(01P,K020,<10,<20,K30

1 FO~’lAT (5 1O.O)
• READ t;,r’,3;3rAS,~ r,:zr,IPT

13 FOR.MAT(~,Ft0,O,I2)

~PT~’IT 21 -

21 FORMA~ (1X/l3x,”oPTIt1%ZITATIOM OF RE-T~ AN MISSILE T J E ~TORr FI3X
I PENALTY ~~JP1T I~~t1S ~3EC~ TCIENTSSS) .

~RIPIT ‘5,<010,<020,<1O,’(20,K30
• 

‘ FO~ lA1 (tX/3X,,l’IKOt ,!t0.4,3X,’.H1(02 ,-E10.’.,3K,311(i ,!10,4,3X,3HK2
1!1O.~~,3’C,31<3 ,Ej0,~~~11C )C .

C’” INITIALIZE PLOTTII3 ARRAYS AN3 ~U~1 COJMT!~ 
-

C.
• M P TS IV I

NPTSF I
- XI(t) ~ X O - •

YI(i) = YO
‘1(1) S —~ 3 •

XS(1) : X0 ‘ 
~ 
:‘~YS(1) YO • -

?S(1) ‘ —ZO •
DDl4 t (j )  = S3~T ((X0-Xft0 ”2’(Y0—YA0)”2)
DOHS(1) z ‘~ 4I ( i )  •
0Q?~(~-) Z 0 — Z A O
DDZS(j) Z0—Z*O
~HGI(t) = 3, . 

- •

AHGS(t) O~
~sVGI (1) 0,

- . -

C- - 

.
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‘~~~1 • • 

-

AVC5(t)
°TI(j) TO

- -- • flTS(t) = TO
RA 4GICI) = S’RT (XO’X)IYO’YO .ZO’ZO)
qA9r,S(t)

‘- A L P I ( i)  = A ..0’57.2 5
*LOS(t) 2 .fl~~

?j 7 .2 )  
-

~rPz( 1) =
- •qFPS(i) 3!0’57.2)5

‘JOT I( l) 0.
VDTS ( 1) = 0.
1R3’1 0 - •

= 
• •

~EL ’~1.~H(1) 0, -

AV (1) 0. •

C
C”-~’ INT~~~ ATE STAT! !2JftTIONS FORW 4~ O
C
30 t~UM I~ J’l4.t - - 

•

‘RENT ~3,t~ U~l33 FO~MAT (1X//3X , ’ITE~ A T I ~ fl NO. ,I3~ tX’
- tF(t~ ’J~ .~~~.1) °RIqr U -

‘ jq ~O~Ml~i(3X,5.I’1ItIAt. T~~~JrCTORY ’/1X)
!F(I LJ ’l E2. 1,) ‘RI lt !0,TO,V’l~),X0,Y3,!0 ,H020 FOR?IA ’ ( IX I3X,34 10 ,~~,.1,~~X ,39 VMfl ,F~ .2, 3X ,3 hX0 ,F7,O,3~~,3HYa ,F6. 0,

IIX ,3M ZU ,~~~.‘3 ,3X ,31’i0 ,Fq.2).
CALL S T A T V E ~~(0.) -

IF(ISL’1. ~~~ . 1) GO 1) ~0C
C’”~’ ~AL~ JL~ rE PIYOF ~ 10 PENALTIES
C

• CALL ~‘ftYO~~ (J 1)
VI = V1~ —KOt’ NGE~’~ 2’K02’RA NGEF
‘.E’R = 15000 . _

~~A P43E C
= ~StC_ 0 SLF
= AM F-T-~LOS.PR INT !Ii -

3. ~~~~~~~~~~~~~~~~~~~~~~ ~N D ERRORS5 )
‘RIM !5,Jt,~!T,RE- ,’SL~~R,3AE-~R

3* FO~~ A T ( j X ~ 3X,3HJ1. 315 7,3X,3HVT ,~~10, 2, 3X ,5-t~ER~. ,F10.2,3X,
L~N~SE~.? ,F3.5,3X,51G~!~~ ,F8.6/1.X)

C -

C”~” TEST ~~~ STOPPI N G ~ D1OITIONS 
—

C
tr(I~•5J~ . 3.1) GO 1) .0
IF(IP.UP1.3e .1AXUJN) ~~ t~~~ 80
TF(AB~ (Jt—J!).LE.T~L) ;o T3 80

~. J2 .J t
C
C’S.’.’. C*L~ JL A T~ OMAN AM ) ‘MAy ‘ - •

C
CALL V)4 J -

C
C” ~~~‘O~i 3ME D I M N I ~ NAL SEARCI TO MINIMIZE J
C

PRI n T ~:)
3~ ~OR11TltV3*,’ONc~.)X~~ N5IONAL ALPHA SEAR~I”)

127



U • 

-

9ELC ,?1.:t
1 0 = 0
.‘)O 50 1 = 1,100

(‘1 CALL ~TA TVE (C)
TF(ISLN.:~ .O) GO T3 !5
‘RINT ‘3,~

~3 FO’M~ T (1X/3K,3HC ,!10 ~,3X , NO SOLUTION”)
IFC~~. T,C1) 3D TO 50

I. ’ Cl = Cl.’50.
OELC1 )E.~~1/5O.

- ‘)ELC
• 10=1)1- 1

IF(tO GT.13) GO TO 50
• 

~OTO 1.t
A’ CALL P~YOFC (JT1)

‘qIpli 7 ,~ ,JT1,C’1,)!_~ 1
3) TO ~.3IF(JTi.’!5Jra) GO TO :, ‘

A~s JT2 :JT1
- -

GO TO 0
A’ tF(I.N~.2) 33 TO 53• 

~t Cl/SO.
• DELCI = 3!_~~1/5O.

- C C I  •

t)ELC =

53 CONTIN)!
6f) C L

DRIMT ‘5,~ ,JT2,C1,-)!~~ L
7’5 FOR’IAT (IX/ 3X,~ HC ,!jfl,4,3X,2HJ ,?15.t.,3X,34 1 ,!1O. ,3X,S4O!L~1t,E1O.”)

- ‘)O ?0 ~ =
• Ali t!)

— - 4 V I  = 4 w— :’~i’nv r
7R COI TIWJ!
C

• C ’~” RZTJ~ N F3~ NEXT IT!~ AT ION
C

- 50 T0 30
- C
C’05” PLOT l4ITIAL. Al) IMAL TRAJECTO~ I!S
C 

.

A’) “RIPET 3
5-. ~~~~~~~~~~~~~~~~~~~~~~~ T RAJCCTO RY0/IX ) 

- - 
-

• PRIIT ?0,T0,V1O ,XO,Y0,70,H0
CALL STAT VE (9).)
PRIM’ SS,PTSI,NPT5~

• 66 ~O~MAT (t ’(/3*,S19~IPTU ,l’3 ,3X,SHNPTS .13)-
• ‘IOTI(1) = ~)TI(2)VDTS(t)

T’lI~~ . 1,t) ALL ‘LT~~ J •

IFt!RUM.C~.MAX’IIN) ‘3 3 90
IF(1~’- 

3P 10,) 30 T) ~a¶T3°
C
C” ”.’ IF JMIM M~ T R!A~ 4!3, PRINT PIESS%3!

( • _ ) 
_

5 . - - 

5 .
.

- •
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—,,. ‘— ~ r • ’~~~~~~~’ - hh1~~

-p 
- . 

•

-

~~~~~~ 

- 

C~~ 

. 

5 . , 
5

-

-

- LRUM = 1’JM-l
PRI I’ 100, ~~U1, It -

100 F0’-IAT (Ix/3x, J,IIN P131 ~CACH !D IN” ,I~.,’ Ir!RArTO’4S , .j =

i/tX) -

hID . -

3U5-~OUT!UE S T A T V C (~~
) •

C

C. 
• 

P

C’ • THIS 5’fl~ 0JTIt4~ INT!(RATES THE STATE VECT3~ Ef).’JATIOM S A

C. A

C~ ’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

C . 
. 

-

COM 4ONFA~ I~4~ /XLOS?, Y .3S~ ,ZLOSF ,PSL ,THLOS
‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- 1,TP,G 1L ,~~1,~ Zt -

COMMoH’M:~~ V , 1 0 , P~ !0,XO,YO,Z0,4..O, rJ!~.0,T0
• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

O4M~~1’PL)ATf~/XI ( 521 ,YI ( 52) ,ZI( 52) ,XS( 52),fc( 52),ZSC 5!),
INPTSI, ’S

~Oil’IOH/0L’~T 2~ DDH I( !),~~~!I( 52), ?)HS( 5Z) , P~ !S( !),~~P4GI ( 52) ,
• i~ ’V~t (  ;2 ) ,~~1~ sc 52)

COMMONI°LDT3/PTI ( 5~~I ,~~TS( 52),RAM3I ( 2),RA 43S ( 5?),e1LPI( 52),
1~ CPt ( 2),AL~S( 52l,3~’S( 52) ,V~TI( 52),VDTS ( 32)

- REAL M 4,t,..I j,L1!, _TG3,L1G. ,~I35,..IG,,Lj3T,LI35,Lt39,
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- 1LVG~.,LV 35,..VS5,LVG~, .~~~B ,LV69C-
C”” INIT!~ L !ZE THr. INT! 3~ AT I ON ST~~ C)JNT!RC - - -

‘ 1 = 1  -

4 C -  - •

C’~~”” IlI’IALIZ! THE MISS.! PAR4PiETE~ 
- 

-

C

=
VII VMO

- CAM AMO -
- 

~sI = °cto -

- X X O  -

- ,  y 3 Y O  - -

- . Z’!O
- T .TO -

S*.S!5 -

- - ‘ IG~J I D’ 0  -

TSLM O 
• 

-

IPLOT
!F(C. N !.13.) GO TO 1) -

•-_ C * O S  . 
-

T P L O T ’ l
C
.C” FINn TIME VA ’UAIT PftRAII!TERS -

• 
•i~S

_ _ _ _ _  

~~~~~~~~~~~~~~~~ 
--



- -  - - - - ~~~~~~~~~~~~~~~~~~~~~~~~ --—- - - -~~-“~~ — 

;~j~
— - ~~~~~~~~~~~~~~~ —

U - 
-

•

10 ‘AU 2 •oo 3;F,~”+51s.5~ 
-

0)-ID ~.~~3os:— 15’14U5.”~.261A H = .12f). V1,S3~ r (r~ J) - -• - -

5) = R H I ’l l ’V l / Z .
N =
IF (T L T . te . 5)  •I = 1~..)-3— .~~76’.’(T—.63)TM = 0,
!F(T. U. -.~ 51  = ~o oo -

C
C”” ~AL~ JLA tE C3nIMA 13E) A LP HO AND 0ET )~C

AVV =

IFIAVV . ’ T .’O.) AV V = 20.
IF (AVV . L’ .—!.l.) AV V = -20.
AVV =
AHH = i’lU) - C 5. OH A -1(I )
TF (AMH.CT,20 ) AHH = 20.
tF(~ H’1.LT.-!fl,) A-I -I = -20.
AIIM =
AL = (5Vl ~32.2’~3S(G~~I))’M/(2O,L’S’Q)IF(AL.3T-.350) AL = ~3~ O

- 
- IF(AL.... T. — . 3 0 )  A L — 350

= - I 4 ~~ ( 20~ t’S’5))
=

IF(3 .L T. — ,350) RE = - 350
— AITOT 2 S2~T(4L”2 3!’’2)

C
C’~”~’ CAL~JLAr ! A O3vNHt~ FORCES
C - - -

COO =
iMACII 5(

~—t ~ !~ ?315. t~ C-i” 3+885~ ~62’MAC1’ ‘2—2.~ . ~935.’lACMt-28.253DELCC = —2.SSIE—O5’ TDT”2—1.828& —03’ALIOT+3.-71,E—0 3
OELCD~ = - 7 s e O e ’ O t Z — t 2 ’ Z ’ i — i . 0 7 8 5 E - 0 T ’ ( — Z ) — S , S ? 7 3 E — O 5
FX = —S ’~~’(~~ .10+OEL~~~ l-)~~LCOF )

- 
- FY = —5”t’ (23.t’R!) -

FZ = — S M ’( 2 O . t ’A~.) -

C - -

C”~”~ INT!3RA1! I!SSL! EOJATIONS OF I3TIOPI
C

CAL =
SAL S1’I (ftL) -

2 ~35(3?)
38! = 514 (3!)
VMOOT ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
AT z(— ( 11)’CAL’~~~ l~ Y~ C!3!—FZ’SA_ P33E)I1
AZ = (— (FX1-Ti)’SAL+~~~~ .L)/Il+32.2’3S (GAH)
OSIflOT = AV/ (VM’C35(GAN))
GA’If)OT = — A Z / 1 M  -

- - 
Ill V41-H’VMDOT - -

~Afl 2 ;ftM,IA’AMoor .
PSI ‘St.4”SI5)DT .

XOOT • V M’:3s ( r , A ’4 ) ’ : 3 S( P S I )
TOOT = VM’~~3S (GA Pf l’S IMPPSI)  -

- tOOT = •VM’S IP l(GA M)  - -

- X • X,I’XDDT
Y a Y+4’YDDT

• 2 t ~+4 ’7~ 3r

it t • 
- --

~-

1~O
‘I 5



C”~” STO?.! STA TE VA _J !
C -

tr(C.Nr.o.) 30 TO I.!
SVMU) 2 V4

- 
t SGAM (t) 3AM

SPSI~~~ ‘SI
RXII) = ‘
SY(I) :Y
SZ(I) Z

C
C”•”• T~5r ~~~ STOPPI45 )~I DI T ION
C
12 T T+I -

- zc(r G T , T I A X )  Go ro 53
TF(Z.~~T.0..) 33 TO 50 

-

DSL3~ 4TAq(YA0/ g~ 0)— (T—To)’VAo /S~ Rr (XA O”2,-~~0”!) 
-

?HLOS = 4 T A s I ( Z A 0 , S 5 ) k r ( X 4 0~~~2+Y A0~~A 2 ) )
RANG! = 32~ T(X”2i-Y”2I .

XLOS —~ A I !’COS(’SL3S)
‘(LOS — M3!’ST’I(’5.)SI -
?LOS = R-%N3 E’TAU ( 1-I L3S)
0 7- 2  7-2135
3M = SO~ T C ( I C — K!~OS)” !+(Y—Y LOS)”2 )
W X .~ LOS

- 
!)H SI’’ l(3’-I,W)
3VZ = 1M’SII(T 1LOS S~~’$J
‘I~~’4 2 e)~r5.~ 3s(PSL)S,.3 I~ i5/2.)+YD)T’SIN(PSL3S+S,t~ t6~2.)

1—VAR’R~~~EIS~~ T (Xb.3’-’2,.YAO”-2)
‘) ERR2 (-X-X 3$)”2+CY-YLOS)”2+ (Z—Z..DS)”2

- I !F(0~~P~~2.L ! ,2 3 0 0 . ) - G 3  TO 15
H C - 

- - - -

C’-” .MA K! 4C~~!LEP4TI3N ~ OMMANO OECISEOM ‘
C
!!+i -

• tF(10L3T. 2.1) GO 13 23
tF(IRUM.~ Q.1.4MD.~ .~~).0,) GO-TO 20-TF (IRUI,)-1E.i.A’IO.I.L~ .~I) GO TO 10IF(C.N!. 0,.AN).I.LE. 1) 3() T0 10
5)ELAH
OELAV A V ( I ) — 4 V V I — 1 )
.5)ELONH = 3 - I A M ( M ) — ) 4 A - U 9 — i )
)EL 3HV 2 )44V (’4)—D-$AJ (1—1) -

AH(I) AM(I—1)+OE.AI - -

AV (IJ *~I(C—t)+O!..A1 -

‘HAH(I) = )HAH (I—t)+)!LOHH
)HAVCI) = 3 4 A V ( I~ t).3ELtn.aV
GO TO 10

C -

— C”-~~” R. C3~~ FINAL CONOIITONS -

H - c
15 ‘ F T  -

X F X
‘(F Y -

- ;  - 
-

VMF VI - 
-

H ;APjF ;AM
‘SIFIDSI - 

- -
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.
-

• -

‘

• 

•

ALr = A L 
. 

S

~EF ?E
- t F ( C . E) . n . )  1=!
XLOSF = XL3S
YLOSC Y.)3 -

!LOSF = 2135
PSIF ~~L3SF(~~ E1.0. I ‘~ I’4T t~ ,T,v~,;x,y,z,34,~~7,AHu—ts ,Avtr .tl

17 FORM~T(lx /3x ,2HTF ,~~5.l ,3X ,3HVPIF ,:8.?,1X,~ NX ,F7.O,JX ,3’4V
1CS.Q,3C,~ .IZC ,~~8.O~ 3~ ,4H3HF ,F8.2,3X,.HDZ’ ,~ 3.!,Jd,31AH ,F,.2,3,(,131-lAy ,~ 5.2I -

C -

RETU RN
C
C*”” ~OM~ JT! T~ A9SF3Z~I~ T T O P 1 FROM 61134.. AX ES 13 ~AkT4 ~~ES
C -

20 CPL = ~05(’5LO5)
SPL = StN (3SLOS) -

CIL = ~os(r’-lLos) - -

3T1 Stl (IHLOS)
1.131 = ~~L 1 L
hG !  = -SP_
L1G3 = ~PL’5TL -

- 113’. = 5PL’~~T L
1165
1166 ~°L’3TI. -
L IT = -ST..
LIG~ = 0.
LIG9~~~~’L . -

C
C’” COM’JTE T~ ANSFOk M~TtON- FROM EARTH AXES TO VElOCITY AXES
C

‘~Ps =
SPS =
CGA = ~ OSU4M)

‘ ‘6A = SIN (3A1 )  -LVII =
LVIZ = SP3’~~ A -
i.. V13 = -SSA -
LVI’. SPS
LVI5 = C’S

= 0. 
-LVI? =

LV!’) 2 SPS’SGA
LVIS CGA

C • - -

C”~” COM’UT! T~ A~ISF)~ PI*T tON FROM GLM3A_ AXES T3 V!LD~ tT! AXES
C

LV GI = L1rt’LIG1+L1!!’LIG’..LVI3’LI3T
- LVG2 = L V t t ’ L I ’ 2+ LVI? ’~~TG51 -LV I3 ’LI 8

LVG3 = L V I L ~ LI 3+Li1!’~_ T G 6 . L V X 3 ’LU 9
1V3. = _ VI,’~ I31+..J!5’_ !G~+LVI6’LU7 

-

LVI.’LIG?+LI15’t.1G5.1V16’L133
LV35 • LVI. ‘~ t~~3~_ JI ~~‘_ 1G6.LVIÔ’LI3-)

- LVG7 L-1I’’LIGt.1113’..Ir.’..LVI)•LI;? .

LVG~ • LSI”LT3?+L9I~ ’LIG5+LV19’LI 8
LVG3 • LVI~ ’~ I 3.L1I~ ’~ 1f,b4LVI9’LI39

~~~~~~ 

f l ’  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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- 
- -

(_
__
J - 1LVr ’LV .i31—LV3t’ .V~ 5 *LVG 3

IF(t’LDT,:3,1) 60 10 31
C
C” ’ ” CO9’UT! 3UIfl A NC! C3~ MAN~S FOR FIRST RUNC

CII = CT’T’V’APIGE
CI =

C2 2 C’!’.!: ,(T R/~~A 1 3~~
) - -

C
C” ” IF 5 -l EA ) 3F LOS. ~)1MAP1O TURN .T) ~ADAL~EL 

_ 3S
- C

!FCTG IJT0.!~ .1) 60 13 25IF(DN.LT.0 .)  GO T3 25
1114(1) = C-I ’ (’SLO3—’SI)

- AXO —LV3!~)’AH (I)11)13 = .V35I)’A~~(I)AVf, = 01’)’.C2’)1Z.3;3!AS
AV (t) = — (LV57’AX3i-LV3~ ’AHG—LVG9’AVG) 

-

AHT~ 5T = -~ t O1—C!’DJ1
IF(A HT!ST...T 0.) ~3 13 31
IF(T.GT.’.) 13010 = 1.

C
C” COMMAND TO LOS
C

2~ AI4G - I’)4—C2’O~ I
30 AV3 = CI’,z.C2’ovz~ 3;~ rA s

1114(I) = LV G ; .AH6— LJGS ’ e .vG
AV (1) LV 33~ A VG—LVG5’~ I4G

C
C’-” PRIMT OJTPU T AM) U’)ATE PLOT A~~ A!S F3R FIRST 11~IO INAL RJt4S
C -

31 ~~~~2 0~HQ •
K I/I— (1.1)/I

- PRINT 36,T,VM,X,Y,!,)’l,DZ,AH (I—i),*V (I—l)
35 CO~ lAT ( 1XF3K , !1T ,F . ~~,3X,3 -IVM , 3 .2, 3X ,3 14( ,?? ,o , 3 ~~,3Hy

tF650,3~ ,34Z ,c6.O,3 , IIOH ,F8.2,3X,:,HOZ ,~ 3e2,3(,3i11H ,F5.2,3X,
13141V ,FS.2)
!P~IC !3-i ~~ TO 13

- 
!F(!DLDT-!3.t) GO 13 ~.5 - -
PIPTST : ‘IP TSI +I - 

- - -

(I(NPT I) X
YI(’IPTcT) Y
t!(MPT I) —Z
IF(*~” . T.!0 I *113.23.

- IF(At-IG.L’.—20.) 111t =-23.
AHGI(’I’TSI) • 4MG - -

. TF(A VG. T.?fl I AV s?3. - - 
-

IF (AVG.LT.-20.) Aufl =—20.
AVGI(N’TS!) = AVG

- Powt (p1~ r5!I z Oil

~DZI(N’T5I) = flZ
°TI(MPTS!) ‘ T
RAN3T (l’~5!) 

a SQ RT ( ( ” C+Y ’Y +Z ’Z )
AtP!( IIPIST) = 4L ’57 .?93
iE 0 ! (Pd ’T S I)  .‘;‘.!r
VOlI(N’TS!) = V’?03T
!F(Vi~TT (’l’TSt).GT.tO3.I VOTI(HPTSI) • 100.
IF(Vt1Tt(’l’T5I).LT.— t~ 0 

) VOTI NPTS!) —tO O. 
-

L
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-

~~~~~~~

- ‘.0 GO TO 10 -
4~. 

5IPTSF MPISFI- i - -

X3 (’l°T~~) K
- YS (h1DT~ F) = y

7S(N’)TSr) = —z 
- 

- - - -
AHGS(PJ’TSFI (LVt ~~’Al (~~’ 

L1G6’AV(1))~ 3
!F(4116 (’WTSF).GT.20.) ‘ ~-3SCuPTsr =2O,
IF(11H’~~(IPTS).LT .—2O .) ~~S(UPTSF) -2O.
AVGS(PPT F) (LVG3’’4V~~ 

,‘..!G5’AV (I))~~O
IF1AVGs(M~TSr).GT.!0.) ‘~ 35(NPT5F)220.

- IF(AVr.S(-l’r.s~ ).LT.-23.
, ~ -J3S (UPTSF) -!O.

POHS(U’T~3 )  2 01-I - - 
-
.

POZS(Il)TSF) = 02 -

PTS(PIPTSF) T - -

RAi333(PTS?) = soRr x’’’’’(47’Z)
ALPS(U’T~~

) = AL’57,!~~ 
-

E 9~ PS UJ T~~ = ~~‘5T .?3 5 --
VOT3(N’T’F) VMDOT
TF(VDTc (pT5c).GT,tO,., I TS(NPTSF) 100.
I F(V 0 T 5 ( 1~ T S F ) . L T , .U3 , I3TS(NPTSF) = —to o .  -

GO TO IO
C -
50 IF(C EO.0.I DRIUT 55

- 
FORH~T(fX/3X, P1Q S3LJTT’Y~~

3 -
ISLN 2

RETURN . .
C -

- -- 
END
SU3ROLIT!PI! )MU • 

-

C -

U C. • A
C’ THIS S’JqRD’JTIPIE rNTr ’~~~ES THE L111311—03T 

Al ) X 0)T !QUAT~~ NS
C’ 

- 
BAC (WAOS ~~~ ~~~~~~~~ ~Y—~~~(I) AM ) )IAV(!) 

. •

C. - P

C
CO1MON/A FI~C,XLOS~ ,Y_O (,.3SF,PSLF ,1HLOS
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
t,TR,GG3IAS,CT,ZI 

- —

COM’ION/t!C/ VMO ,G1110 ,D?~~~.~~~,Y0,Z0,ALO,BZ0,T0
-: COMMOpJ, T ,V~ F,3*M~ ,

:
~. :~~. ,YF,ZF,~ LF ,3!F,N,N,!SLM

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘I
- cOM1Op1,STAT!,SxckIO),s1’ -~~~

),SZ(
~
lO),SVII(’.IO),S°SX(’.tO),S3*l(’.tO) -

• REAL M q,M ,LVMF,L0S ,_ ’. . LXF,LYF ,LZ ,LVM,L3 3,L3A,LX,LY,LZ,1 (OI,
5 tKO2,1(1,<?.,(3,L0TV,_Ot3 ,t ’

~~~
,LDTX,h0T(,L0T1

C -

C’ ’~” CALCJLAr ! LAPIO% (T ?) 
-

C
RANG F = S2Rt (XF.X~ ’frs f~~— F’ZF)
x c (R A N ;E F . E )  0.) R~M~~ ?
LVM~ a -I, -

LPSF 1(I’(~ SIF PS F)
LGAF a C!’(34MF-T1_O )
LXr • ,..<)t.x a+1(O?~~ r,~~ 

!C~ K3~XFRANGZ ’~ (15OO0. .RA tlCEF)
LYF =

- - ISV • ?. *K3t.1,,KO?,ZaF~~~
1 ~EF K3’ZF/~ A NGEF (t 5 f l f lO . RAMGEF)



fl~~~i

C - 

.
- . 

- 

- 

- •

C” INITIALIZE PARAIE TERS
C

.%L a A LP
3E :flZc
VM ’VMF -

6AM 3AMF
PSI DSIF •
X a XF
Y = YE
t = Z F
T a - Y E
S .73 5
H a - H O

- - - LVII = L V IF .

- - 

-

LPS 2 - 
•

LGA Z Lr,AF
LX ‘ L~~LY LY F

- L Z= L ! r  -
T a N + 1
PRINT ‘I.

24 ~ORMAT (1X/3X ,’flAC’(4AR’3 IPITEGRATION ’/LX)
C - - -

C” CAL JLAI! T IME JAU~ NT PARAMET ERS AND DERIV AT IVES
C
10 1 = 1 — I  •

TAO = .O035&~ ’Z+5t3.S~
4 - RHO = ~.33O5!—I5’T4J’’~ .25MACIl 2 .ll2~~.’Vt1 /S2R T (T A U)

‘I = RHO’V 1’VI/2 .
I: ‘I 12.42

IF T.LT.’..;) ‘1 = t:,,09-.’.76k’(T--.60) - 
-

- TH ’O .
- IFCT.LI.-..5) TM 2000.

- OTAUZ = .033366
ORHOZ • !.?tit!—tl.’11J ’3.26’OTAfl
CMACII a .0?O./SORT (IAJ)

- )MACZ = — .0t02’VMITAJ”t.S’DTAUZ
IQV 2 R’ IO’VM
rJQZ = V1”2/!. ’DR -I )Z

C
C” CAL~ JL11TE CO MMAl O! )  ALPH A AND S ET A API) 0!RI IATt~~ZS
C

AVV = AV (!l
- -IF (AVV GT.20-) AVV ~3. - 

-

IF(AVV.L T.—?0.) AViI • -20. • S - -

- AV V 2 ~VV ’3 ! .2
- 11)414 = 1-1 (1)

TF(A I1H.5v .?O ) AIIM ~ 20.
tF(AHM,LT.-?O.) A-I -I • -20.
ANN • A) IH’32- 2
AL a (*VV P3? .2’C)S(G%M))’M/(20 .1’S’~ )
!F(AL . 1..3501 AL = .350
IF (4L..T. .350) AL 2 350

• — AW N  ‘IF( 20.1’S’))
!F(R!.3T..350) 0~ • .3~ O
!F(5

~
._ T .— .3,O) 13! • • 350

-

- ‘~~~

- 
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y 
- 

-

I c ~ 
- 

- 

-

- 

- •

ALTO T • S)~T (AL”2”l!”2)
IF (ALT3t- !~ ,0.) ALTOI • I.E—to
,AL V = —AL .’3’C)OV - -

OALG 2 —32. 2 11(20,1’5’3)’SIN (GAI) 
-

OAL 7 = -~ L~~)’DQZ - 
-

)0iV = —~~~ 3’OOV -

2

tIALTV = ALIALTOT’)~.LV~ ?E~~ALTOT’O3!V
OALTG = ~1L~ ALTOT 0~L3 •

OALT ? $ AL’ALTOT’O~LZ+’E/ALTOT’O0!Z— 
- fl~ v~4 = 32. 2

OAH’-IA = 32.’
OALAV = M/ (2O .1SS~2)P0AVVA
OBEAII = —11 (!O.1’5’5)I’)AHHA
DALTAH 8E’37.295’A ..T3T’DSEA H -

OALTA V .‘57.295F4 _ T 3T’DALAV -

C .

C”.’ CAL~’JLA1E AERO3fNAM C FORCES A l )  ‘)ERIVATIV !5
C •

2 • 1.553’MACN”7 8O.97~.’MACM 5—1131.2 .‘MA ~34”5#IB4’.. 332’l5IACH”~.—t 5Sa - ?et ’M~ C-l ’~ ‘+855. 382’1AC—I”2—2~6. ?;3’IAC-4I-28.253OELCC = ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
5)ELC-)F = — ‘,~~fl5oE-L2’Z’ Z—1.0?85E-O7’(-ZI—8.87? !—05
EX a ~~~~~~~~~~~~~~~~~~~~~~~~~~

- FY = —c’Q’c2o.I’D!) - 
-

P7 =
OCDOII •

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
5)C002 = (—351.~~O6’111 1’’6+2285,8’.h’MA ”5—575S.!2D’1~CH”.~173??. 3?S’1A 4’’3—SOS3. ~~~‘M4CH”!+t77t.7 .’1A~ 1—2~ 5.!38)’OM~ CZ
O0!LCV = (—5 ?O2E—0 5’ALTOT—1 .5286E—03)’O4LTV
OO!LCG = C— ; TO2~—O5’A .TOT—1. e2e5!—03 ’O~ LTG
3OELCZ = c— ;.7o2z— );’11~ ToT— 1.o2a&E—o3)’oAL.TZ

• 3O!L~ Z = —11.- ‘)I2O!—t!’Z.t.O7a5~—O ?
OFXV = -~ X~~~~-)QV— S’~~’() O0V+DDEL3J ) -

• OFXG = —5’~~ D)ELC3
= —F K/) ’ DQZ— S’ 2’-f lCDOZ i-DDELCZ.D)ELFZ)

OFYV • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

)FZV a —S’)’2O.l’)~ LV-3’2O.1’AL’DQV
)FZ~ =
)OELAII = (—5 ?02E— ’)5’A TOT—1.5 286E—0 3)’OALTA-f
UIIELAV = (_ 5 . 7 O 2 e _ O 5P 11.TOT_ l. 8286E_ O3)~~O ALTAJ

• OFXA-I • —S’2’DDEt.Al -
OFXAV —S’)’-3~ EL AV
DFY4H • S’2’20.L~ )3!11-4 -

,FZAV a —S ’2 ’20. i’)A ..AV -

C
C ’~~~” CAL~ JIS41! VflDOT,PSI~ 3T AND GAID)T AND DERIVATIVESC -

CAL ~OS (AL) - -

SAL a ~PI(IL) -

COE OS(3 E)
~T MC3! )  -

- v.i or • ( c : ( , T H ) . C A L .~~~~,ryP se E+~ zP sAL 3co!) ,I_ 32.2P s!t f lGA1)
4y
AT ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
PSIOIT •

S 
GAPW OT a ,.~ z/~ Pl 

-- ( - - 
- - . 

- - 
- - -

L
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OV3TV
( -

!WOTG ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
i—T’4’cAL•~ 9!’iALG ,1—32 ?‘CDS GAM

(~~~U ’ C A L ’ 3 - ~~X SA L ’ C f l E ’ ) A L Z — FX ’ CA _ ’ 3!’)3~ Z P~~Y’CBE’DOE! I
1F2’CAL’ 1E.)

~L?— Fl’S1VS .01EZ—T4~ SAL’C ’DA _ 7—TH’C4_ ’S(E*)OEZ)/1
OP)TV = (— ()~ XV , ‘ A_ ’SBE— (FX+Tl)’5AL’~~~~’31 _ 1 ( X+T-I )’CA _ ’C1!’ 

-

1OB!•1. YV’:3~ — Fx’53E’- !v—oF7v .SAL’S3!—FZ’CAL’S~3 ’D ALV—FZ’SAL’C3!’U38~ V )/ ( M ’~~3 3 ( G 4 M ) ’ J I )  — ‘ S IO OT / V M
OP)T~ = (- ( )

~X c ‘~~~ ‘ —(Fx.T1I’ AL’Sk’)11t.’ - ’3~ Z3’SAL ’S3 !—FZ
i’CAL’S~Z ’ L / ( ~4’ O5 (3A:1)’VM)+SI.M (G41)’PStD3T/~OS (3A1)flP0T~ = ( — ( ) *Z )P ~ A ’ S # ( FX + 11)PSAL’~~ t’)?~L 7— ( ~~X $ - r4 ) ’ CA ..’CO!’
1OBEt—Ff’53~’ !Z—r!’CA _ ’SB!’OALZ—F7’S~AL ’~ BC’)-1’) F(N’~ OS(GAI)’V1)OGOTV = — (- (1FXV )‘S~L— (~ X+TH)’~ 4L ALV+OFZV’CAL-FZ’SAL ’D~LV)/
1(M’V4)-35’l)3T/VH

OGOTG — ( — ( ) F X G  ) ‘S~ L— ( rx+ TH ) ’ CAL ’ )ALG +DFZ3’C4L-FZ ’SA L’O 11LG)~t(M VM),3!.!’SIU(GA-t)IVI -

OG~ITZ = — (- (OFXZ )‘S~ L— (FX +TH)’CAL~ DALZ—FZ’5AL’)1.L?)/(M’V1)
OVOTr*H = ((3 X4H )‘ AL~ C3E— (FX~T-I)~ CAL’SBE’)B!AIls-OFVAH ’SBE-i-FY’

ICS~ ’0B!A-l-FZ’S4L’S3!”33!AH)/lI
OVDTAV = (()~XAV )‘C~ L’C9E— (FXfT4)’SAL’C8 !’3ALAVl-O ’ZAV’SA.’Cl3!I-IFZ CA L’C3 ! ’ )ALAV )/1
-)POUH = -C1F XAH )‘11L’S8E— (FX~ rH)’CAL’C8!’~~ EA-I+D YAH’C3E—Fy’

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ /(M’Vl’ OS (GAl)I
O POT4V =- (-C)FXAV )‘AL’S9!+(FX.t4)’SAL’S3!’)ALAV—O’ZAV’SAL’S3!.

1F7’CAL’S~3E’)11LAV)/ (M’V’’COS (6AM))OG-)TAH = t3 (AW ) ‘S A ./ ( t l ’ V M) -

)GOTAV = — (- (0EXAV - )‘SAL— (FX+TH)’CAL’DALAV~)~!AV’CA —F7’SAL’
t 0ALA V )~~( i ’Vi)

C - - 
• 

- -

C”-”-” UPO3T~ VM ,PS! *13 GftM AND CAL U..AT!.O!RIVAT !V !S
C

VII • SVI (I-t) 
- 

-

PSI = SPSI (t—t) -

• 6AM = 534M(I—I) -

CGA = ~DSU111)
~GA a I’l(3A1)

- 
= f) S( ’SI)  - 

-

SPS = IPI(’5I) -

F XOOT = V4’CGA’CPS
TOOT = V1’ 34’SPS
tOOT 2 —V1’S311 

- -

OXOTV = CGA’ PS -

)X3TP = —VM’ GA’SPS - - -
OXOTG $ —V1’SGA’CPS - -

DYOTV • CGA’SPS -

OYOTP ‘ VM’CSA’CPS -

~~~ 5 OYOT~ z —V1’SG*’S~ 5
• —S3A

- OZOTG —VM’CGA -

C - . . - -

C.P*.AAa U°OAT *,Y AND 1 -

C
X • SX (!—t) -

Y a SYU—t)
7 a SZ( !— i I 5

- C  - - 
-

( 
- 

- ) - - 

- 

. 
- 

S -
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-~ - - - ~~~ -

- 

-

- 
-

C””” CAL JL*r: L AtIOA -33T 
-

C
LOTV =
LOTP — (LX’OX3TP4 ..Y’DYOTP)
LO’G = .(LJ1’uvoT3II.’S~ 3P0TG.LGA’)c0T3.LX’OK)T3+LY’0Y)TG+LZ’1)2016) - - •

LOTX O. - 
•

— LD TY=0 . -

.L~ T7 = ~ (LJM PhI3VOT ZlL~ 5 0POT2+LGAIO6DTZ)
C
C’3”~ ’ INT! ’R 111E LA )-IDA-03T TO GET LA-IDA .
C

LVN = LVM+-I’LOTV - 
• -

- LPS °~~ 4 ’ LO T P -

LGA = .3111--I’L)TG -

- LX = L’C 4-H’ . )TX •

IT = LY+M’ .O TY - 
-

LZ a L?i-’I’ 312 -

C
C” CAL~ ’JL4T! AND STDR! DHAH AND 3H~ V 

- 
- 

-

C -

5)144)4(I) • LV1’0VOT~~i~~.’S’O?OTAH+LGA’)GDT11$!IHAV(I) = _V1 ’DVOT~ VIL’S’OP0TAV+LG%’)SDTAVT a T +4 
- 

-
.

IS a 2. FIlO
- K I/L— (ti-I)/L - 

-
IF(K- E~).O) ;~

) TO 3) - -

DRIN-r ?;,r,J—I,OHAH (1),~ )-IAV (I) ,X,Y,Z,AH (I),AV(I)

~~ FO~ I4T (tX/3X,2NT , 5.t,3X,31-IVM ,F8.2,3X,5HDrI~ 4 ,!I5.T,3X ,54)HAV,t t5,7,~ K,!-4’( ,F7.Q,3’C ,!-iY ,F1.O,3K,24Z , 7.0,3(,3’4~4 ,F6.2,3X ,• I3HA V , 5-2) - 
--

C
C” CH!( ~DR SToP~

(N3 ONOITION - - 
—

C
30 - TFCI G’.t) ~3 TO I)RE TU RN -

‘ND 
- -

SU3ROUTTNE PAYOFF (J)
- C -

C , , _ 
- A

C~ THIS S’JSRDLJT!NE ~0M’JTES THE VALJE OF THE PA(OFF FU IC T I ON J ‘
C. P

C -

COMMO iII~~F!M /XLOS~ ,Y .3~~F ,ZLOSF ,PSLF ,IILOS
-

, 

COiM0P11 I /VMF ,3%1~,~ SIF,XF,YF,ZF ,5LF ,OEF ,1~’,P4,Z5LN
~~~~~~~~~~~~~~~~~~~~~~~ ,K2,K3,R413!a

- COMM0N~P-~’I~ 3F/KO 10, <02 ) , K1O,K20,K30
REAL J, t,’(O2.Kt,<2,K~ -

~~AL KOt’h<O!0,Kt0,(2O,K3OC - -

C”**’. ESTAS LISIl PENAI1Y FJPICTIOIl CO!FFI~ XENTsC
‘(SI a ‘(010
X02 ’(020 - 

-

‘(t’K10
1C2 .K’O

~~~~~~• 

-

S

- 
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j  - - - 

- 
-

-
- K3 K30 - 

-

( 2  C
C”-” MOOTFY ?!NALTY ?UI~~r ION COEFFI~ IE lTS IF FItIAL -VALUES AR!

- C WI~~IIrl 13L!OA PCES
C -

-‘AUGCF • S.)RT (XF*Xr,YFeYF.ZFP?F) 
-

IF(D~ I?_ DS_ .LE..~~ O .AU) .PSIF_PS_~ .3!.O.) ‘(1 = 0.
tF (11!33l3AM~ —rHLoS 1 ._ h .175) K2 = 0. -

IF(R4N3!F. !- 16000.) <3 = 0.
C -

C” CA L IL.Ar! PAYO FF U’J TION
C -

J = —v ic+coi ‘RAU3EF”+i(o2 ‘RAIIGE +<l /2.’(PS !F—PSLFI”2+K! p2. ’
- 1(GAMF—1Hr35)”2+K3 ~!.(j50OO. —R~ I~~~)”2C

RETU RN
hND
SUOROUTP1E PLTRAJ -

C

C. - - P

C’ 
- p-Irs S!I3~ 3OTIN! ‘L3T~ COMPA RISONS 3ETW!EN r iz IIITI%L

PCRF3 IA’C~ PAR AIEIERS AND THE D’TIMIZED PERF3R1~ N !
C’ P4RA I !1~ RS
C. P

C,*
_
~A .4,,.*4,,4,P ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ P~ PAP ~ A A P I A P 3 A P  A

C - -

COMMON’ 11FI4~ /XLOS~, Y ..OSF ,ZLOSF,PSLF ,TMLOS
CO’I lOfl~ 4I~~IVAO ,XA O,  flO, Z A O
CO*IONFPL)ATAFXI ( 5 2) , YI (  52) ,7I( 52) ,XS ( 52) ,Y 5 (  32 ) ,ZS(  5!),

INI,’IF - - 
-

COM:IOWPL3T2/’DHI( 5!),PDZI( 52),P3PIS( 52),P3ZS( 52) ,41IG!( 52),
IAVGI ( 2 ) ,A-13 S ( 5?),AVC -S( 52) -

- COMMO’1/P1913/PTI( 5 2 , ’TS( 52,R* 4GI 52),R4’1 5( 5!),~ LPI( U),
18!PI( 52),L°S( 52),3!’S( 52).vDTI( 32),VOTS( 52)

- - , OIM!NS!09 R5 (’.),ZO(t.) -

C
C~”-” DRAW HORIZONTAL T RAJ ECTO RY PLOT
C -

- IF(zAo.M:.—35000 .) 63 ‘0 5 —

Xli a ~~~~~~~I
- ~~ a 15000.

Yfl’b0000. -- YO = .15000. -
- 

60 10 15
S tF(ZAO. IE.—’0000.) 63 TO 10 -

• XN —50000.
- xO • 10000. -

‘ ( M a  50000, -
- Yn = —10000.

- GO TO 1S
10 COP-ITIN)! • 

- 
-

15 XI (IT+1) = K M - - 

- 

•
XI (PlI+?) K) -

- XS (’IF+t) : X~ -

XS(’IF+?) = K’)
YI(Nt+1) = ‘(H

- -* - 
- YI (MI+? ) • Y) 

-

• - -

-
- 

(z~ 
- 

- 
• 

- -
- 

-

~

- •

- - 
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- --5- - - •-- - -~~~~~- •  — - —---- -5 -_ -
~~~ - — - - -  - - - - -

- -~~

(__)
YS(P$P,t) a ‘(I
YS(’IF+?) • Y O
CALL P~.DTS(3O)CALL P_OT (5.,-5.,—3 ) •
CALL P_ O T (t.5,2.O,-31
CALL S~ AXI5 (O . ,0,,t5-t~ ’3SSRAPlGE (FT) ,t5,:.,O,;o,,Y’1,YO, — .65,t.zo,
I I190,;o.,1.,—t ,.o 3o;)

- CALL S’%XIS (O. ,‘..3,1,-fl3I-IN~ AMGE (~ T),1’.,?.O,O . O,XM-,X5),2.80,..50,
1.11go,~ .,t.,—t ,.o33;,CALL L T P F ( K I , Y t , H ! , 1 , 0 ,O)
CALL L!W-E (KS,YS,t1 ,t,3,1)
CALL SV 1~3~ (.,OO,,.OO, 125,2,O.,—1 )
CALL PLOT(5.33,3.4.,3)
CALL P_OT(5.55,3.44,!)
CALL SY M~0_C,.?O,3.

{ptl, 0805,4HINTL,-O.,4)
CALL PLOT (,.30,3.3t,3)
CALL PLOT~~ .~~,,3.3t,!)
CALL SY’133_ (5.7.0,3.27, 0805,3HOPT,3.,3)
CALL SYM~ 3_ ( ~ ,~.7,3.30?,.O?U0,t , 0., 1I
CALL PLOT (-t - ,— .5,3)
CALL PLOT(3,0,— .d,!)
CALL PLOT (S ,O ,4. 8,!)
CALL PLO’(-t - .4.8,!)
CALL P_ OT (-t.,—.8,2)

C S

C” DR AW VERTIC A L T~ 4J !~ TORY PLOT
C - -

IF(ZAO .IZ.-3 000.I 33 T) 95 -- 
—

RH ’ 121000. 
-

RD • —20000.
ZH z O.
20 ’  10000.
GO TO IOI

9~ !F(ZAO.PF.•20000.) 3) TO 100 - 
-

RH = 60030. - 
•

‘!I = —10100.
!M O.
‘0 • 5000.
GO TO II 5

100 CONTIPIJI
105 !I(NI+t) ‘ 11

71(NI+!) • 1-3
‘S(NF+t) • 1!)
IS(MF+i) ‘ 20
RAI-1 I(M!’iI $ RM - .
RAP$!(MT’2) ‘ RD -

RANGS (MFPI) I Rh
~APlGS (’I’+2) • RD
RS(1) • R$IGI(t)
‘0(1) • 2*I
RO(2) $ 0.
20(2) • I. -

RO(3) • ~‘lRS(lI) • RD - - -

~0(3) * 7’i
‘0(4)’’D
CALL P_ 3T ( 14 ,0. ,.S)
CALL S’*X!S(O,,O.,t3-IALTITUOC (FT),13,I..0,90,,ZM,Z),—.65,t.30,

- —

•
.

-~~~ 
-
~~~ 

- - 
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— - ----— 5 —--•~~~~~ •~~~ •w_— - 5
~~~ -5~--wr~ ~~~

T1~~ 
-

t I t n ,~ o.,t.,— 1,.o3o;CALL S’A’IC1S(0,,0.,t0-IR’HGE (FT),—tO,S .0,0.O,R1,R0,2.50,— .52)0,
1-Itl’J,L ,t .,—t,.0305)
CALL Lt’J (RA’13I, 7I,-~1t, 1,0,0)CALL L T )~ (~~~~ S,ZS,M~ ,1,3,t)CALL ‘)~~MLM(’0,20,~ ,t)
CALL S(M13_ (~~.,0.,.t!5,2,0.,—t )CALL ~~~~~~~~~~~~~~~~CALL P_OW.~~5,3.)~ ,?)CALL ~f113_ (a.9O,3.~~9, 0BO5,4HINTL,0.,’.)
CALL P O ~~().~~O , 3 . 3 t , 3)
CALL P~~T(~~.b , 3.0L,?) -

.~ALL 5YM33 (3. qO ,3.77, O~ O5,3HOPt,fl.,3)
CALL SY 413_ (O,67,3.8)7,. 0700,1,O.,—1 )
CALL P_ O T C — t -  ,— .8,3)
CALL P_ 3 T (~~,Q, — .8,?)
CALL P_ 3~~( T .0 , ’.,8,!)
CALL ~_O~~-1.,’..8,2) -

CALL P_ OT (—t. ,—.3,Z)
C

• C~~
%
~ **~ DDAW 11)31 VS. III! ‘LOT

C -

VH — t OO.
V0 53 .
IF(ZA0 .ME.—35000.) 53 10 25
?)1 a -

10=15.
GO TO 3

~25 IF(Z~ O. 1:.— !oOOo.) ~3 13 30111=0.
T0 10. - - 

-

-

60 10 35 -

31 CONTINJE
3~ °TI(M141) = TM

PT I(’II4-2) = TO
PTS(PIFI-t) = Ti
OTS(~)F42) = TO -

- 
VDTI(Nt’-t) = VII
VOTI (l-I!4-2) = ~loVOTS (N 4-t) VII - 

- -
VOTS (NI2) = VD
VOTI(1) = V’3T 1(3)
‘lDTt(2) z lrITt (3)
VOTSU) V)TS (3)
VDTS(2) V3T513)

- CALL PLV (t~ ,O.,—3 ) S - -

CALL s°A’(Is(o.,o.,LS4VID0T (FT/S!C2),15,’..O,30.,VM,V 0,— .60,t.20,
I 1t30,Ql.,t.,—t,.O30 )

CALL ~‘AXI (O.,0.,tO1-TTME (S C),—1O,a.0,.O.O ,TI,Tfl,!.5),— .5230,
1. 1190 ,O. , I. ,—t ,. 0305)
CALL Lr’I:(’TI,voTI,Nr,l ,o,O )
CALL L!Nfl~ TS,VOTS,r,t,3,t)
CALL r~.3T(0,,2.,3)
CALL PLIT(5,,2,,2) - —

CALL Pt OT(0,,O,3.3’.,S) - 
- - - -~CALL P~OT (0, 35, 3. ~~., 2)

- CALL !YM1Q_ (0,9O,3 .90, 0H5,4HINTL,0.,4) -

CALL PL OT(3.50,3.31,3)

• 

• 

- 

- - 

- 

. 

-

k
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- -

CALL PL ’) T ( 3 , ~~3 , 3 . 3 t , ? )  
-

-CALL ~Y~~~O _ ( - ~. 1O , 3 . 7 7 ,  0105 ,3HOP T ,0,, 3) .

CALL SvMq3 (o.~.T,3,8 37 ,. O?00,1,O,,—t I
CALL P_ 3 T ( - t ,— .~~,~~)

- CALL P~ OTU.O,— .3,!) -

CALl. P_ OT(’.O, L..a,?)

~ALL P~OT (-t.,l..d,!) _ - -

CALL P_ OT (-t- ,— .8,’)
C -

C’” O~AW 41-43 VS. TIME ‘OT
C - 

-
AN = —20 .
*0 - a  10. - -

~HGI ( Ptts-1 ) = AM - 
- -

AHG!(HT 4-2) = A l )

AHGS Ur+t) = A M -

AH GS(U~ ’-?) = 40
CALL P_)T(t!.,O.,—3 )

~ALL S~ 4’(IS(0.,0.,~ I-I ’.HS (G’S),9,l..O,3O .,AM ,AD ,— .,O,1.40,
1-119O,~ 0-,t.,—t..090,) -

CALL S~4~ IS (O .,O. ,t0lTEME (scc),— lo,5.o,o.o,T1,ro,2.50,—’.5230,i•i1q3,~ .,i ,—i ,.0S05)
CALL LT 1-I!(’TI,AH (I,Mt,i,O,O ) -

CALL LTNt (~ T S, AHGS ,M~ ,L,3,1)
CALL P_ OT(0.,2.,3)
CALL P_ 5)T(,.,2.,2) 

- 
- -

CALL P~_31 (5.3O,3.~~ ,3)CALL P~ OT( .~~5, 3,~~., ?) - 
- 

• 
—

CALL S(l lD_ (5.7O,3,91, 0805,..HINTL,0.,4)
CALL P_ DT( .30,3.St, 3)

-
‘ CALL P.OT(5.~ 5,3.8t,!)CALL SfM33. (5.T0,3,?T, 0805,3HOPT,O.,3)

CALL Sf M~ O_ (5.-i?,3.837 ,.O?0Q,1,O.,—1)
CALL P_O1 (-t ,— .8,3) - 

- 

-

CALL P.31(T.O,— .8,?)
CALL ~L01(T,0.,~..-~,’)CALL p•.•OT(-1.,4.8,!)
CALL P_O T(-t ,— .8,’) -

C-
C”-’ ORA l 11V3 VS. TIME ‘_OT
C 

- 
- 

-
-

*VGI(N!’t) = AM -
%VGT (P-’1A2) = *0

= AM
*VGS(tI~~2) = Al)

• CALL P.OT(tt, ,O,,—3)
CALL ~‘AXI (O.,0. , H%V~ (G’5),9,4.O,-33.,AM,4),— ,S0,t,40,

- 
I I1~O,~ 0 ,1.,— l,.OSO5) 

- 
-

CALL S’A X13 (0.,O.,IOITTME (SEC),—t0,5.0,0.0,11,Tfl,!.53,— .52~ O.
i.LHO,3.,t.,—t,.OSO P .

CALL LIM (’TI,AVGI ,PlI,t,O ,O)
CALL LT It(’TS,AVGS,N ,1,3,I)
CALL P~.OT (0.,2 .3)

- CALL P.O~ (S.,2.,2) -CALL ~L3TU.3O,3.~ 4,3) - - -
. 

-

CALL P_0T (5,C.5,~~.~ i.,?) -

CALL SY1-%)_ (,,~~O,3,91, 08O5,4HINTL,O.,4)CALL P_ OT(5.30,3,St,3) r
1,~\ 

- fr.
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~~~~~~~~~~~~~
-----------

~~

CALL ~Lo1(;.6~ ,~ .8t,?)CALL SY 3_ (~ .70,3.?~ , ~~ O5,3H0PT,3.,3)CALL SY _
~~ .~~?,3.8fl?,.07O0,t,O.,—t )CALL PLOT (- t  ,- .8, 3)

CALL ~L flT(r.0,—.8,?) -CALL P_OTU.0,~~.8,?)CALL P. OT (—1.,~~.o,!)
CALL PLOI (-t-, — .8,!)

C
C’-” All AL~~’44 VS. TIME PLOT
C - 

-

ALPICNT4I) A i
ALPI ( t1t I-2 ) = AD • - :
ALPS(U~4-t) = AM
A L PS ( N~~~~

-!) = AD
CALL P. 3 T ( t 4  ,0.,-3) -

CALL ~P~.XIS(O.,0.,t1-U~
_ PH4 (OEG),It,..0,90.,Al,~ 0,— .60,i.30,

I 1t90,°0- .1. ,—t ,.0305)
CALL S’AXtS (0.,O.,1011!14E (S!C),—10,~.,0,0.0,T4,TD,?.5O,— .523O,

1 115)O,0.,1.,—1,,08)5) 
-

-

CALL LT’1 (3T1,ALPI, ’lt,1,0,0)
CALL LT’lt (3TS,ALPS,q~ ,1,3,t) 

-

CALL P_01(3.,2,,3)
CALL P 31(5,,2.,2) -

CALL P _ 3 T ( 5 , 3 Q , 3 •~~4 ,3)
CALL PLOT(5.35,3.9!4,!)
CALL S 4~ 3_ (~ .70,3,~~fl, 0805,c.HINIL,0.,t,)
CALL- P 0~ (3.30 ,3.5t,3)
CALL P_DT ( .~~5,3.BL,!)CALL SYi~ 3_ (5.7O,3,7T, 0805,3HOPT ,0.,3)

• CALL ~V )_ (5.’,7,3.~~0?,.07OO,t,0., t)
CALL PLO’ (—t-,—.d,S) - 

-

[ CALL P 0 T ( T , 0 ,— .8,!)
CALL PLOT (T ,0,4 .8, ! )
CAL L O~ OT (—j.,4,8,!)
CALL PLOT (—t .,—.8,!)

C - - -

C”~~’ ORA4 13!iA VS. TIME PLOT - -

C S

qEPI(NT4-1) . = API

~EPI(NI 4-2) a
itPS(N~i-t) a AM
OEPS(PFI-2) = 40
CALL P_ 0’(14.,O,,—3)

- CALL SDA ~~tS (0,,O .,LIl3ETA (OEG) ,1I,~~,0,90.,Ai ,Afl ,— .6O,I.3O,
I jIqO,30.,i.,—1 ,.fl30 )
CALL SPtX15 (O .,O .,IOIT!ME (SEC), 10,a.0,O.0,T’l,TO,-2.5O, .5230, •

I.1190,3.,t,,— I,.0305)
CALL LI’F(’TI,REPI,9IeL, 0,O)

• CALL Lt C’TS,OEPS,N~ ,I,3,L)CALL P~OT (3.,?..3)CALL r_ OT ( , . ,2 . ,2 )
CALL. PLOT (5 .30 ,3.~~.,3) -

- CALL P_ OT( .~ 5,3.~~.,?)
CALL SYM~3L (~ .?0,3.-~0, 0805,4HINIL,O.,4)
CALL P_OTU .30,3.3t,3) - 

• 

-

CALL P 3T (5.5 ,3.3t,!)

- 
CALL SYM 13~ (.?O,3.U, ()805,3HOPT,O.,3) 

-

S 

- 

- 

- 

- 
- 

- 

- - -

H 
• 

-
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—- 

——•-—-—-—5———-— — —---• —“ -- -~-— --—•---•-- -•• -•--• - -—---, - - - -

CALL S ) 3 L ( 5 , - . 7 , 3 . 8 3 ? , , 0 7 0 0 , t , 0 . , — t )
CALL P_ OT (—I. ,—.~ ,3)

• CALL P_ OT (7.11,— .8,?)
CALL P_ O’(~ .0,4.~~,!)
CALL PLO’(-I•,4.8,2)
.CALL P.011-i. ,— .0,!)

- C
C” DRA4 ‘)If VS. RAM3! ‘LOT -

C
tF(Z40.1 .-350004) 63 10 75

~
• DPI = — 1000.

00 = 1000.
GO TO ~575 IF(ZA0.~1Z.—!0000.) 63 TO 80Oil = —10~)0.

= IfIQO. •

GO TO ~580 COHT!HJ~ 
-

35 P0141(11(41) = D PI
PoHI(plt~ 2) =~ bo
DflI-1 5C 1F4 1)  OH
PDUS(N~ ’2) = DO
CALL P.OT (t~ - , 0.,-3)

• CALL S’AXIS (O. ,d.,?H)N (El) ,7,Z..0,~ 0.,DM,DD,— .50,i.50,
1 ji)’J, ’0-,1.,—1 ,.0303)

- - CALL S’AXIS (O.,O.,iO-IR’ NGE (FT),—10,3.0~0.0,-R I,RD,?.50, .52~0,1. 1190,0 ., t . , — 1 , . 0 3 3 5)
• CALL LT a: R~ 1-1~ I,P341,N!,1,0,0)CALL L T N ! ( R 4 N 6 S , P~ -I S, IF , 1,3,1)
CALL PLOT(0.,1.,3)
CALL P_ OT (5.,t,,2)
CALL P.o-~(;.3n,3.~~.,3)CALL P_ V ) T ( 5 ,~~~~5 , 3.~~~~t~~,2)

CALL SY’l-33_ (5.70,3,90, 0605,4HINTL,0.,4)
CALL P53T (5.30,3,SL,~~) 

-

- CALL ~_OT (5.~~5,3.3L,?)CALL SyM1o_ (5.l.7,3.a,r,,o700,l,o,,— tp 
- 

-

- 
CALL SYMI3_ (5.70,3.7T, C805,3HOPT,0.,3)

- CAL L P. O T(- l . , — . 3 , 3)
CALL P.~~~(r.o, — .8,2)
CALL PLOT (?.0,’.8,!)
CALL PL3T (4t,,1..0,?)
CALL P.OT(-1.,— .8,2)

C
C~’3” ’ OP.A4 02 VS. RAM ! ~~0T 

- -

C
IF (ZAO.I. —35000.) 7,) TO 110
IN = 11100.

~O • —500,
60 TO 120

110 tF(2*0.’IZ.—~ 0000.) 63 10 115- OH~~ • 
- -

• OO — 250. - 

- 
- 

-

G O T O I2O
115 CONTINUE
120 OO7T (NT~~j) s o~4 -

P021(141+’) = 3D
.O Z S ( N r . t )  = OH

144
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F ~~ 
-.-- —~~~~~~~~~~~~~ —--

Dfl Z5 ( l l $4? ) = 00 -

CALL PLOT (1~~.,O..—3 )CA L L 5’AXL (Q.,0.,7~l )-2 (FT),7,4.0,)0.,DM,33, — .S0,t.50,
i~~~~11~~~ 0 , ° 0., 1 ., — i , . 0 30 5 )  - - —CALL ~‘~~KI3 (0. ,0. ,t31~~~’~GE (CT) ,—10,,.0,fl.0,Ri,R), ~~~~~~~~~~~~
I 1 1 0 ,0.,t.,—I, .0305)
CALL LP~!(R~~l~ I,P)!I,IT,I,0,Q)CALL LT~I~~c~~4p JGS ,p)~ s,N:,1,3,1)
CALL F OT (0,,2.,3)
CA LL PLOT (5~ ,2.,2) 

-

CALL P T ( .30,~~.~~.,3)- - 
CALL D~3T (5.55,3,~~ ,!) 

-

CALL S Y M I D i ( 5 , 7 0 , 3 , 9 0 ,  ( ‘805, ( .HINTL ,0 . , 4 )
CALL P_ITC;.30 ,3.sL,3)
CALL P oT(;.~~5,3.8t,?)CALL 5Y’4-)3_ (5,70,3,7T , 0805,3HOPT,0.,3)
CALL SY~fl3_ ( .t,7,3.S3?,.0?00,1,0.,~ 1)
CALL PLO’(-I ,— .8,3)
CALL PLOT ( ’ ,0, — ,8 ,2) -

CALL PLOT(7,0,~ ,8,!) 
-

CALL 01 01(41 ,l..8,?)
CALL P.OT(-L.,—.8,!)

C -

CALL P_OT !(I3UMIIY) - - - -  - -

- RETU~ P1 - 
-

-

- 

- 
-

-

0
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- Appendix D

Retran Simulation Parameter Plots

Figs. 58—64 are parameter plots for a 15°, 35,000 f t altitude -

launch. Figs. 65—71 are plots for a 90°, 35,000 ft altitude launch.

Figs. 72—78 are plots for a 15°, 5,000 ft altitude launch. Figs.

79—85 are plots for a 450, 5,000 ft altitude launch. Figs. 86—92

are plots for a 90°, 3,000 ft altitude launch.
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Appendix E 
- 

-

Guidance Algorithms Which Were Rejected

Several horizontal guidance algorithms were tested in the Retran

simulation . Initially, the study concentrated on launches from 1w --

initial squint angles of 15° to 30° (squint angle is the angular -

displacement of the line of sight from the aircraft velocity vector ). -~ -

Later, eaphasis was shifted to medium to high initial squint angles -~ 

-

of 300 to 90°. The algorithms discussed in section II were found to — -

yield 
- 
the largest usable launch envelope and the longest maximum launch - 

-

ranges. The algorithms presented here generally resulted in poorer

missile performance.

Straight Ahead Intercept - -

- For launches at 1w initial squint angles, the missile tends to
-.5-- 

-

fall -behind the line of sight in the early portion of the flight. -

Therefore, the first algorithm tested comanded no horizontal accelera-

tion 
- 

until line of - sight intercept , then coinuanded a turn to place the

missile on the line of sight. A typical trajectory is illustrated in - 
-

-

Pig. 93.

This algorithm required determination of the point at which to

star t the intercept turn. Determination of this point is comp licated - 
-

by the deceleration of the missile during the turn; also , for a randomly -

aan.uvering aircraf t , the rotation rate of the line of sight during the

ti of the turn cannot be accurately predicted at the start of the

turn • To make a precise intercept turn would require varying the - .~1
acceleration c~~~and s throughout the turn , and the necessary algorithm

1 -
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Fig. 93 Trajectory Plan View — Straight Ahead Intercept
- Algorithm

would be very complex. In order to keep the algorithm relatively

simple , a constant—g intercept turn was comnanded . A conservative

estimation of the start turn point was incorporated which would allow

completion of the turn with the missile slightly ahead of the line of

sight. The rotation of the line of sight toward the missile would

then result in a suècessful intercept .

- The required turning angle for intercept is

+ WZ ~~tT 
- *ST 4’~ 

(103)

(1 
- 

- 

- 

AtT 
- 

(104)
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where *WSST 
— heading of the line of sight at start turn

— average rotation rate of the line of sight

~tT — time required for turn -

*ST — missile heading at Start turn

— arbitrary heading bias at completion of turn

(missile heading must be offset slightly from

line of sight in order for missile to track

the rotating line of sight)

— average missile turn rate

The missile turning rate for a constant g turn is

— a~ (105)

where V~ is missile airspeed in the turn and ah is the commanded

~cceleration. Assuming constant rotation of the line of sight and

assuming that the average turn rate will be approximately equal to

the initial turn rate (this is conservative, since the turn rate will

increase as airspeed decreases in the turn) , the t ime required for

the turn is

- - *COSST ~ *ST -
(106)

- I  
- 

* _ w z 
-

In order to start the turn so that the missile will complete

th. turn on or beyond the line of sight , the missile muèt have

sufficient overtake speed on the line of sight to close the distance

to the line of sight during the turn . Here it was estimated tha t the

( average over take speed would equal half of the initial missile velocity
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normal to the line of sight. The approximate arc distance normal to

the line of sight which must be covered during the turn is

L — + Wz R~~ (107)

where 
~~ST is the missile distance normal to the line of sight at

start turn and R*ff ST 
is the missile—to—target range at start turn

(again, this is conservative because R~~ will decrease during the

turn). Therefore, the required overtake velocity at the start turn

point is

(
~~ST 

+ -5 R~~~~ ) (108)

In this algorithm, the interception turn was initiated when t~Y

was sufficient to insure turn completion on or beyond the line of

- -— sight. A constant 4g turn was commanded; however, if during the turn

the current ~~t was insufficient to cover the distance remaining to

turn completion, no acceleration was commanded and the missile

continued on present heading until overtake was again sufficient to

continue the turn . A command to track algorithm similar to the one

discussed in section II was employed for line of sight tracking once

tracking heading was reached . -

This algo;ithm proved to have only limited interception capability.

Successful intercepts were made from an initial squint angle of 20° ; - -
- ‘ 

-

however, attempted intercepts from larger squint angles resulted in 
I -

~~
-
~~

-

the missile completing the turn behind the line of sight , with

subsequent high—g maneuvering required to catch the line of sight .

Even when interception was successful , tracking time on the line of

- ( /

4_ _
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sight was insufficient and terminal airspeed was low due to the drag
4 0  -

encountered during the interception turn.

Turn to Initial Intercept Heading

— - :  
- - 

- - To correct the insufficient tracking time of the straight ahead

intercept, the algorithm was modified to initially turn the missile

- 
- 

to a predetermined intercept heading. This heading was computed as

an empirical function of initial squint angle and range from the

target, and was chosen to insure interception of the line of sight

at ranges greater than 5000 f t  slant range from the target. (Note, j
at this phase of the study, lower terminal airspeeds and shorter

tracking times were being considered than were finally chosen as the

— minimums required). The initial acceleration command was computed

so as to produce a turning rate equal in magnitude to the angular
4

error between the computed heading ~~ and the missile heading ~~~.

This turning rate is

. ah (32.2) - 
- 

- -]
* 

— 
v 

— (*~~
— *) (109)

The required acceleration command is therefore -

- 
-

— 
32.2 (*i~

$ ) (110)

A typical trajectory result ing from this algorithm is shown in - 

-

-1.

Fig. 94. Basically, this algorithm had the same deficiencies encountered

with the straight ahead intercept , except that tracking time was

increased.
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Fig. 94 Trajectory Plan View — Trun to Initial Intercept
Heading Algorithm

1
~•

Coninand to Fixed Intercept Angle

In an attmmpt to avoid the high turning accelerations required

by both of the previous algorithms, the missile was commanded to

maintain a constant 30° intercept angle to the line of sight. The

c~~~~nded acceleration was calculated proportional to the square root.

of the angular difference between the heading of the line of sight

and the missile heading. A variable gain was employed , which

increased gain as the square root of missile to target range decreased .

The algorithm was

— Range (4’ios—4’) (111)

when the angular difference was less than or equal to 30 , no

( acceleration was commanded._
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At t tg ~ 10 seconds, the algorithm r everted to coixtand—to—track.

This algorithm proved inf erior to the initial heading algorithm for

low squint angle launches , as the reversion to couinand to track

produced a sharply turning trajectory as illustrated in Fig. 95.

However, the algorithm gave superior results at med ium initial squint

angles, with lower terminal airspeed and increased tracking time.

A typical trajectory for a med ium squint angle launch is shown in

Fig. 96. It was observed that the trajectories produced by this

algorithm were similar to those which could be obtained by utilizing

the command—to—track algorithm throughout the flight.

OOI~NR~ N~ E .~ O!
• ~~~~~~~ 4St.U .tS3.~~ — 141.?4 ~t~ 7.S8 ~~~~~ 7~~ lg — 55. 4’ — 3 ’ .3I -~ c .~~i - .

/
I~ I

/ I
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~

• :n?i
- •
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— — 4 .

Pig. 95 Trajectory Plan View — Command to Fixed Intercept
C Angle Algorithm, Low Squint Angle Launch
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Pig . 96 Traj ectory Plan View — Command to Fixed Intercept
Angle Algorithm, Medium Squint Angle Launch

Command to Track Throughout Flight

The trend in missile performance during the development of the

previous algorithms indicated that gradual turning maneuvers were - -~

requisite for maximum range, even at the expense of increased flight

distance. Preliminary studies by the Air Force Avionics Laboratory

indicated that such gradual turning traj ectories could be obtained

by employing the command to track algorithm througJW*i~f . the flight.

This algorithm was essentially the same as the horizontal command to

• track algorithm discussed in section II. •

• Satisfactory trajectories were obtained for low to medium initial 
•

squint angles, with fairly low g (c4) maneuvering throughout. Two

( )  resulting trajectories are presented in Pig.. 97 and 98. Terminal
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airspeed was higher than obtained with the previous algorithms and

tracking t ime was sufficient. However, at initial squint angles

greater than 45 the missile was initially heading away from the line

of sight, resulting in large g turns (6— 8 g’s) to bring the missile

back toward the line of sight. Even with the large accelerations

commanded , sizable distance errors developed during the initial

• turn; consequently, large intercept angles coming back to the line

of sight were commanded. This resulted in high g maneuvering (10—15

- • g’s) to complete the interception turn onto the line of sight . The

trajectory for a 600 angle launch is shown in Fig. 99. For initial

squint angles greater than 600, the required maneuvering sometimes

exceeded missile capability and intercepts were not accomplished .

OO$*NR?V43E .10’
~~II.S —11.11 .12. 40 . .25.33 —4.11 ~~.3I 82.35 50.45 30.13 511.34 131.10 111.43 !5. 2

• . ,1

Ii 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Pig. 99 Trajectory Plan View — Command to Track Algorithm,
High Squint Angle Launch
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In order to achieve satisfactory performance from high initial

squint angles, the command to heading algorithm discussed in section

II was added .

( ~
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