
AD-A012 645

USER'S GUIDE FOR AN OPTICAL CONSTRAST SEEKER MONTE CARLO
TERMINAL HOMING SIMULATION

S. L. O'Hanian, et al

Army Missile Research, Development and Engineering
Laboratory
Redstone Arsenal, Alabama

14 May 1975

DISTRIBUTED BY:

National Technical information Service

U. S. DEPA!ITMENT OF COMMERCE



212097

TECHNICAL REPORT RG-75-63

USER'S GUIDE FOR AN OPTICAL CONTRAST SEEKER
MONTE CARLO TERMINAL HOMING SIMULATION

S. L. O'Hanian, A. W. Loe, Jr., and C. L. Lewis
Guidance and Control Directorate
US Army Missile Research, Development and Engineering Laboratory
US Army Missile Command
Redstone Arsenal, -Alabama 35809

14 MWy 1975

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED.

Reproduced by :1
NATIONAL TECHNICALINFORMATION SERVICE

U S nepc,:n,, r~t of Commerce
Sp'ildf,}; d VA 22151

tA

*SMI.1021. I DEC 65 PREVWOUS EDITION IS OBSOLETE



DISPOSITION INSTRUCTIONS

DESTROY THIS REPORT WHEN IT IS NO LONGER NEEDED. DO NOT

RETURN IT TO THE ORIGINATOR.

DISCLAIMER

THE FINDINGS IPA THIS REPORT ARE NOT TO BE CONSTRUED AS AN

OFFICIAL DEPARTMENT OF THE ARMY POSITION UNLESS SO DESIG-
NATED BY OTHER AUTHORIZED DOCUMENTS.

TRADE NAMES

USE OF TRADE NAMES OR MANUFACTURERS IN THIS REPORT DOES
NOT CONSTITUTE AN OFFICIAL INDORSEMENT OR APPROVAL OF

THE USE OF SUCH COMMERCI;.L HARDWARE OR SOFTWARE.

S•:1



UNCLASSIFIER
SECURITY CLASSIFICATION OF THNS P.AGE (lhon Date Entered)

REPORT DOCUMENTATION PAGE READ INSTRUCTIONS
BEFORE COMPLETING FORM

I REPORT NUMBER 2. cSOVT ACCESSION NO. S. RECIPIENT'S CATALOG NUMBER

RG-75-53

4. TITLE (mid Subtfle) 5- TYPE OF REPORT & PERIOD COVERED

USER'S GUIDE FOR AN OPTICAL CONTRAST SEEKER Technical Report
MONTE CARLO TERMINAL HOMING SIMULATION

S. PERFORMING ONG. REPORT "UMBER

"7. AUTNOR(q) S. CONTRACT OR GRANT NUMBER(&)

S. L. O'Hanian, A. W. Lee, Jr., and C. L. Lewis

9. PERFORMING ORGANIZATION NAME AND ADDRESS I0. PROGRAM ELEMENT. PROJECT. TASK

Guidance and Control Directorate AREA & WORK UNIT NUMBERS

US Army Missile Research Dev and Engineering Lab (DA) 1M363310D074
US Army Missile Command AMCMSC 633310.12.20400
Redstone Arsenal,. Alabama 35809

It. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

14 May 1975
IS. NUMBER OF PAGES

14. MONITORING AGENCY NAME & AOORESS(Il dilffert from ControllIng Office) 15. SECURITY CLASS. (of this report)

Unclassified

150. DECL ASSI FIC ATI ON/DOWN GRAOINO
SCHEDULE

6. DISTRIBUTION STATEMENT (of this Report)

Approved for public rel'ase; distribution unlimited.

17. DIS rRIBUTION STATEMENT Cof the abstract entered In Block 20, It dllferent from Report)

IS. SUPPLEMENTARY NOTES

19. KEY WORDS (Continie on reverse side It neceeeom and Identify by block number)

Monte Carlo
miss bias
mass unbalance
circular error probability (CEP)

20. ABSTRACT (Continue am rever•e eaid If necereawy and identify by block uomber)

This report documents the development and incorporation of a stochastic Opti-
cal Contrast Seeker Model into the existent Monte Carlo point target terminal
homing 6-DOF simulation program. In addition the basic pitch and yaw seeker
platform dynamics, parameter target size, seeker breaklock, seek.er blind range,
transport log, and helicopter induced launch transients are in-luded. Platform
imperfections such as mass unbalance and rate gyro drifts were modeled. Each
data point generated by the simulation is obtained from the statistical reduc-

tion of approximately 25 individual runs (depending on number of breaklocks),

DO 17) 1473 EDInON OF I NOV 0SI1S OBSOLETE RELJIErTC1AGDDo JAN 147 EomI o TO MI 6
/ SECURITY CLASSIFICATION OF T1WI5 PAGE (When Date Entered)



S -. r•.- ..'• .. - - - - V r r."

UNCLASSIFIED
8scuRITY C.AWmFICATION OF THIS PA@tlfhm Dat Etere)

20. ABSTRACT (continued)

each of which has new random starting and within run variations. The runs are
reducid by parametric or nonparametric means, depending on the normality of the
miss distance points, to yield the miss bias (mean) and the circular error
probability (GEP).

I
I

Ii

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGEIInwn Dots Entered)



TABLE OF CONTENTS

Section 1.0 - Introduction. ............... ..................... 1

Section 2. 0 - Functional Description ............ ................. 2

2.1 Transformation Matrix ........... ................... 7
2.2 OCS Support Models .............. .................... 8
2.2.1 Gimbal Friction Model ............ ................... 8
2.2.2 Target Model .............. ..................... ... 11
2.2.3 Seeker Breaklock .......... ..................... .... 12
2.2.4 Seeker Blind Range ............ ..................... 15
2.2.5 Transpoirt Lag Implementation ..... ................ .... 16
2.2.6 Launch Transients .......... .................... ... 17
2. 3 Input Variable Description ....... ................. .... 27
2.3.1 OCS Input Variable Description ..... ............... .... 27
2.3.2 Launch Transient Input Variable Description ............ ... 29

Section 3.0 - Random Error Sources ....... ................. .... 30

3.1 Error Source Distributions ............ ................. 30
3.1.1 Seeker Platfo•-m Mass Unbalance ..... .............. .... 30
3. 1.2 Seeker Rate Gyro Errors .......... ................. ... 35
3.2 Probability Distribution Input Description .............. .... 37
3.2.1 OCS Monte Carlo Input Variables ..... .............. .... 37
3.2.2 Launch Transient Monte Carlo Input Variables ........... .... 38
3.2.3 Pitch and Yaw Randomization Independent of Launch

Transient Model ......... ...................... .... 39

Section 4.0 - Computer Program Description .............. 40

4.1 New Subroutines .......... ...................... .... 40
4.2 Monte Carlo Runs With Breaklock ..... .............. ... 40
4.3 Sample Run ............... ........................ 41

Section 5.0 - Comments .......... ....................... .... 51

5.1 Integration Synchronization With Sample Period ......... ... 51

References ........ . . ........ ....... ... 52

AppeCndix

Monte Carlo 6-DOF Program Listing.............. .. .. . .. 53

i (A--



LIST OF ILLUSTRATIONS

Figure

2.1 OCS Simulation Model (S2) - Pitch Channel ...... .......... 3
2.2 OCS Simulation Model (S2) - Yaw Channel ..... ..... ........ 4
2.3 Simplified OCS Model (S3) - Pitch Channel ............ .....
2.4 Simplified OCS Model (S3) - Yaw Channel ....... .......... 6
2.5 Coordinate Rotation ............. ................... 7
2.6 Gimbal Friction Model ............. .................. 9
2.7 Pitch Channel Torque Motor Output .......... ............ 10
2.8 Missile Pitch 9nd OCS Outer Gimbal Ine-,tial Acceleration . . . 10
2.9 Target Model ............. ... ...................... 11
2.10 Seeker Aimpoint Shift ................... 12
2.11 Seeker Breaklock Time History ................. 14
2.12 Blind-Range Due to LOS and Target Growth .... ......... ... 15
2.13 Target Image Growth in Seeker FOV .............. 16
2.14 Typical Launch Transients ...... ................. .... 17
2.15 Power Spectral Density of Rate Gyro Output -

Helicopter Mounted Captive Flight Test .... ............ ... 19
2.16 Auto Correlation Function of Rate Gyro Ourput -

Simulation Model . . . . . . ............... 21
2.17 Moment Forcing Function Time History ...... ............ 2
2.18 Pitch Rate Time History ........... ................... 22
2.19 Output to Autopilot Time iistory ....... ............... ... 22
2.20 Simulation Model Pitch Launch Transient ...... ............ 24
2.21 Simulation Model Yaw Launch Transient .... ............ ... 24
2.22 Launcher/Missile Configuration ... ... ............... ... 26
2.23 Simulation Model Roll Launch Transient. ................ ... 26
3.24 Seeker Outer Gimbal Mass Unbalance ............. 31
3.25 Probability Distribution of Mass Unbalance Sign ........... .. 31
3.26 Gimbal Rotation About Missile Y-Axis .... ............ .... 32
3.27 Inner Gimbal Mass .......... ..................... ... 33
3.28 Inner Gimbal View Looking Down the Z-Axis ............. ... 34
3.29 Probability Distribution of Mnss Unbalance Radial -'osition . . . 34

ii



1.0 INTRODUCTION

A stochastic simulation ,ticdel of an Optical Contrast Seekeer (OCS) was developod and

incorporL'Ad into the existent Monte Carlo point target, laser guided, terminal homing

6-DOF simulation program described in reference 2. Two OCS simulation subroutines

were developed: (1) a subroutine consisting of high and low frequency poles, and (2) a

simplifieption of the first consisting of only low frequency poles. The non-essential high

frequency poles of the OCS model were eliminated to reduce computer run time. This

simplified subroutine is, In general, sufficient; however, either subroutine may be used by

setting the appropriate flag.

The 6-DOF b"',ulation program was modified to include a two-dimensional target and

helicopter vibrations. The target dimensions are required for study of the OCS breaklockI and blind-range phenomena. The helicopter vibrations were added to describe the missile

launch transients.

The updated 6-DOF simulation program may continue to be run as either a stochastic or

deterministic program. In the stochastic mode, the program executes a specified number

of runs*, computes miss distance coordinates from each run, and then determines the CEP

and other statistical parame irom the set of miss distances. Each run of the run set is

made based on both initialization error conditions (mass unbalance, etc.) and time varying

error conditions (wind, etc.) that are randomly generated from input error probability

distributions. In the absence of statistical input data, the operation of the 6-DOF program

reverts to that of the deterministic version of the program.

Because of the addition of the two OCS subroutines and associated 6-DOF program modifications,

the computer program listing contained in this document supersedes the listings found in

references 1 and 2. However, the deterministic program model description and input/output

formats found in reference 1 and the btochasilc program description and input/output formats

found in reference 2 are still valid.

*A run is defined as the numerical integration of a missile trajectory from launch to

target plane intercept.



2.0 FUNCTIONAL DESCRIPTION

Figures 2. 1 and 2. 2 are the block diagram representations of the OCS simulation model,

Model S2. Figure 2. 1 represents the pitch channel and Figure 2.2 represents the yaw

channel. The transfer functions given in these block diagrams were transformed by use of

the M-method into state variable format for solution by numerical integration. A new seeker

subroutine (52) was developed to control the integratior of these state variables and to perform

other c 3Iculations pertinent to the OCS.

Because of the modular concept of the 6-DOF simulation program, interfacing the new sub-

routine required minimal effort, particularly since the input and output variables of this

seeker subroutine were identical to those of the laser seeker subroutine, S1. Tho one
exception to this was the missile-body-to-seeker-gimbal coordinate transformation. matrix,

since the OCS sceker mounting has been rotated 90 degrees from that o: 'he laser seeker.

This necessitated a new matrix for transformation of the line-of-sight vector (LOS) from

missile body coordinates (the basic program coordinate system) to the seeker gimbal

coordinate sy stem.

Figures 2.3 and 2. 4 are the block diagrams of the simplified rnodel, Model 83, containing

only the low frequency components with the high frequency L-ocks replaced by thteir'appropriate

gains. This simplification, in effect, neglects the small amplitude high frequency oscillations

of the system which arc superimposed on the more significant, lower frequency dynamics.

The simplification er, Lved as a consequence of the very long computation time required when

running Model S2. The high frequencies of 314 and 1000 rad/sec; of Model S2 require a numerical

integration step size of .5 millisec, while Model S3 is integ.'ated accurately at a step size of

12.5 millisec. This translates directly into a factor of 25 difference ir. -'n time, anc theze

is no significant loss of accuracy when using Model S3. In comparison runs that were made,

less than three percent differences in miss distance and CEP were observed.
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2.1 Transformation Matrix

The seeker gimbal coordinate system YXG, YG' ZG) is given in Fig.Lre 2.5 with respect to

the missile body coordinate system (KB, OB' ZB). The order of rotation is (1) a rotation

about Y through the outer gimbal angle 0G, then (2) a rotation about ZG through the inner
BGG

gimbal angle

The missile body-to-seeker gimbal coordinate system transformation matrix for this rotation

sequencc• is:

CosIG Cos G) sin G (-cos OG sin OG)

[M] (-Cos 0 sin COS oG (sil OG sin eG) Eq. 2.1

sin eG 0 cos 0G

LO G GIX
O c YB G Z I G 7 X O G x

zB OG = IG" Y YIG YGG

SYB " (2) Second Rotation About G
(1) 1-i,*st Rotation About YBI

YY -

131 Mtissile Boxdy,/Glmbn Coordinnto System

FIGURE 2. 5. Coordinate Rotation
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2.2 OCS Support Models

In addition to incorporation of the pitch and yaw q>-s OCS models into the 6-DOF program,

other critical parameter models unique to the OCS were added. These parameter models

are listed below and described in the following sectiors3:

* Gimbal friction

0 Target size

• Seeker breaklock

* Seeker blind range

* Transport lag

0 Helicopter induced launch transients

2.2.1 Gimbal Friction Model

Gimbal fricLion couples the missile angular rates to the OCS platform and may cause system

degradation. Gimbal bearing pre.load and the gimbal torque motor are the main contributors

of this friction which is primarily stiction (static) and coulomb. Coulomb friction is defined

as a constant frictional drag which opposes motion but has a magnitude that is independent

of velocity. A slight dibnction must be made between stiction and coulomb friction because,

in general, the force required to iritiate motion tovercome stiction) is somewhat greater

than the coulomb friction. When the stiction level is identical to the coulomb friction and the

system starts at rest, any applied force to the gimbal less than this value must be identically

opposed so that no motion is initiated. Thus, the idealized coulomb friction model,

TF = TC sgn(6G), can create a physically impossible situation where the friction model

supplies energy to the system. As mentioned previously, the missile rates (c.tally,

accelerations or torques) are directly coupled to the platform through the effects of friction,

although the coupling is limited in magnitude by the friction level.

8
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FIgure 2.6 is a block diagram representation of the pitch gimbal friction model. The opposing

friction, TF. is a function of the coulomb friction, the net torque, T and the relative

gimbal rate, e. (Stiction is assumed identical to the coulomb magnitude.) The missile angxlar
0

acceleration, Q, is coupled to the platform through the function f2 �vhich is magnlfude limited.

The complete mathematical description is;

Forj 6G1< � where � is a computational dead zone and the system is considered at rest,

T =T Eq. 2.2
F N Sat(T�)

T+ T Sgn(Q)
Q=QSat ..F C - , where J is gimbal inertia. Eq. 2.3

A. J
For leA> A

TF =Tc Sgn(e0) Eq. 2.4

..

= o where QAA I�. (Tc, TN, Q, � �) Eq. 2.5

TCOM

TM

EKrNFIZI

FIGURE 2.6. GIMBAL FRICTION MODEL
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Figure 2.7 is a time history of the torque motor output. For this illustration, eG is

initially zero vid 0GC is positive. To initiate motion, the torque motor had to exceed the

coulomb friction level and the wire complia;ace torque. Figure 2.8 shows the missile

acceleration, (4, and the gimbal acceleration, G. Observe that the gimbal angular

acceleration tracks the missile angular acceleration until the torque motor exceeded

the breakaway torque level.

0.0• ° I ..... •I

FRICTION [
-0.5 COIL1NC
-1.0

. BIUBEAKAWAY { {'• TORQUE rI•

-2 .0 . "
0 .02 .04 .06 .08 .10 .12 .11 .11,

rIME - SEC

Figure 2.7. Pitch Channel Torque M'±otor Output

30.0

y0-

i~ 10.0 -

W~ 0.0

-10.0

-20.0

-30.0

0 .02 .04 .06 .03 .10 .12 .14 .16

TINMI -SEC

Figure 2.8. Msissile Pitch and OCS Outer Gimbal

Inertial Angular Acceleration
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2.2.2 Target Model

A two dimensional target model was incorporated into th• program for the purpose of

computing seeker breaklock (Section 2.2.3) and blind range (Section 2.2.4). The

dimensionality of the target does not affect any other missile or seeker parameter.

The target model is defined by the shaded area in Figure 2.9 and due to the dimensionality

is restricted tu be normal to the line-of-sight of the missile. The outer rectangle represents

the seeker field-of-view (FOV) and the intersection of the dashed lines the instantanecus

seeker aimpoint. The top and bottom of the target are always parallel to the raster lines

of the vidicon screen of the seeker. Thus, for this elementary model, if the seeker roils,

the target rolls. The line-of-sight vector intersects the target at its geometric center.

FOV
7 OUTLINE

T, :

!1 u~i! l!•l••.[i I..TARGET

FIGURE 2.9. Target Model
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2.2.3 Seeker Breaklock

Seeker breaklock (loss of target image) is assumed* to occur when seeker aimpoint shifts

more than 50 percent of target height or width during one sample period, T. Seeker aimpoint

is defined as the projection of seeker boresight onto the target plane. Figre 2. 10 illustrates

the geometry of the breaklock parameter, aimpoint shift.

ST is the total amount of seeker aimpoint shift over the sample period r. S and SW are the

components of ST that parallel target height TH and width TW, respectively. If S bccomes
W l SH

greater than .5 TH or if S becomes greater than .5 TW, it is assumed that breaklock has
H W

occurred. When breaklock does occur, the simulation run is terminated because breaklock

causes loss of the missile as far as homing in on the target is concerned.

I Seeker aimpoi nt
at time = t

S

Seeker aimpoint
at time= t - SW

Target

FIGURE 2. 10. Seeker Aimpoint Shift

*This assumption is valid for a target-to-range ratio as low as . 001.

12



In the simulation program, breakiock is determined from the angles subternded by the target

sides/slant range and ain:point shift/slant range. Thus, for pitch, the angle*

0 TH = tan- [(TH/2)/R] Eq. 2.6

and the angle

( z Eq. 2.7

are compared at the end of each sample period, r. If AZ becomes greater than

OTH, breaklock conditions are met.

The variables in the above equation are defined as:

R - slant range

9TH - angle subtenled by slant range and one half the target height

0Z t-7 - angle subtended by pitch plane component of LOS (SH) and seeker

boresight, one sample period back in time

A3Zt - angle subtended by pitch plane component of LCS (SH) and seeker
boresight, at the current time

Az -- angular shift of aimpoint over one sample period

When breaklock is encountered, the message b;.'-w is printed out aid the run is terminated.

The time (seconds), range (feet from targ"t), and ti channel in which breaklock occurs is

output.

.BREAK 1OC6( CONDITION AT TIME = .73 RAIGE --- 9715r.O4 IN PITCH *

An -xample of seeker aimnpoint shift is given in Figure 2.11. This figure contains a time

history of seeker aimpoint shift for a 1 kilometer deterministic trajectory. No errors (such

as gimbal mass unbalance, launch transients, rate gyro drift, etc.) were present when this

run was made. The sample period was 16.7 millisec. The breaklock point (50 percent of

*Comparable calculations are made in the yaw plane to determine if breaklock occurs there.

L1



target) currently in use in the sintdation program is illustrated in the figure. If any of the

spike! on the curve had reac&ed the 50 percent point, the trajectory would have been

terminated. As noted for this particular ex rnple, the maximum boresight shift was about

ten percent.

(30 -

- - - BREAK LOCtk POINT

40

20

II
-20

BREAK LOCK POINT

-60 r

0 .50 1.00 1.50 2.00 2.50 3.00 3.50 4.00

TIME SEC

FIGURE 2.11. Seeker Breaklock Time History
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2.2.4 Seeker Blind Range

Seeker blind-range is defined as the distance from the target when the target imge occupies

70-80 percent of the tracker Vidicor, field-of-view (FOV). The actual blind-range limit is

adjustable and is currently preset for 70 percent FOV.

To determine if a blind-rai.,e condition occurs, gating functions are established to check

the target edges with respect to the 70 percent FOV lines as ;hewn in Figure 2. 12. However,

with this implementftion, blind-range is a function of the LZjS angle, as well as target growth.

Figure 2.13 is a ti~ne hist(,ry of target edge in one axis with respect to the vidicon FOV. The

general shape of the curve is -lue to target growth while the perturbations are caused by the

LOS angle variations. The p•,ogram monitors all four edges at eac& integration step to

determine if any one edge haTreached the blind-range limit. Norminally, this !imit is set at

70 percent FOV, but is a prc ram variable that may be input at any desired value. Whea the

blind-raage limit has been r".,ached, the seeker rate gyro's output signals to the autopilot are

held at their present value. "Thus, the missile no longer responds to commands generated by

the seeker, but instead, flies into the target with the at pilot signals set at the blind-range

value. In Figure 2.13, blird-range occurred at 3. 01 s" rnds. When blind-range occurs, the&llowing message is printE d out:

GCS BLIND RANGE SIGN.A..L HOLD AT TIME -=3. 01 RANGE =225. 00

'rime is in seco )d--, vf f.ght and range is in feet irom targel.

VIDCON..•I , _ .g• BLIND-RANGE

K +
BORE + l
SIGHT I

I '

FIGURE 2. 12. Blind-Range Due to LOS and Target Growth

15



8•
70% FOV

60

0 20

20

0 .50 1O0 1O 2.00 2.50 3.O0 3.0 4. 00

TIME -SEC

FIGURE 2.13. Target Image Growth in Seeker FGV j
It

2.2.5 Transport Lag Implementation

The exponential, e-•s, in the second block of each of the block diagrams of Figures 2. 1,

2.2, 2.3, and 2.4 represents a transport lag in the camera of the OCS. The actual phenomena

that this term models is unknown at the present; however, it closely approximates the effects

required to match OCS subsystem test data. Implementation of this lag was accomplished

as follows:

0 The last six time points of the LOS angle (BZ and BY) are stored in

a storage array.

9 A table look up function interpolates linearly within the stored values to

return the values of BZ and BY at the lag time (TIME - TLAG).

. T•1 E interpolated values of the LOS angles are then used by the OCS model

as the target position for guidance calculations.

"16
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2.2.6 Launch Transients

Missi)e pitch, yaw, and roll launch traiisicnti causwd by helicopter vibrkA.ion and launcher

rail/missile shoe interaction were modeled because tnePý3 Lransients cou.ld severely affect

the condition of seeker breaklock. Typical launch traitsient data from which the models were

developed are given in reference 3. Examination of this data reveals that pitch and yaw

characteristics are similar. Thus, pitch and yaw perturbations are simulated from similar

transient models. Roll transients are presented as plots of roll angle versus time. Roll

transients appear to exhibit diff,-rent characteristics from those of pitch and yaw, thus

roll is modeled separately. An c•xample of the plots as presented in reference 3 is given

in Figure 2.14.

MISSILE I 020; 14 JAN 72
-'_ _ _+30 +37.5

*, 0 , ~

o0.1.2 .3 .A. -3o.,------ ' - , s .-37,5 . . ..o . .2 .3 .A . o .1 .2 .3 .C .5
TP1' (SEC) FROM IGNITION 3 . '1 : 3 ' '

TIME (SEC) FROM IGNITION TIME (SEC) FROM IGNIIlION

FIGURE 2.14. Typical Launch Transients
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In addition to the data of reference 3, telemetry data relating to pitch and yaw, in the form

of undocumented strip charta for pitch and yaw ra-es and a power speotral density (PS1D)

plot of rate-gyro output in pitch, were available t0 aid in model development. These

telemetry data were taken from a captive flight test of the anti-tank missile mounted on a

helicopter launcher. A reproduction of the PSD is shown in Figure 2.15.

2.2.6.1 Pitch, Yaw, and Roll Models

2.2.6.1.1 Pitch Model

In modeling the pitch launch transients, the helicopter vibration was assumed to be a pitching

moment applied to the launch rail and coupled to the missile through the rail shoes. Since

the power spectral density (PSD) of the pitch rate gyro output, Figure 2.15, has distinct

frequencies; the pitching moment was modeled as a harmonic forcing function and is applied

until the rear shoe e3dts the launch rail (tip-off point). The forcing function is defined as:

At n
F(t) f An• c E Aisin(W.tt+0i) Eq. 2.8

where

401 - frequency (2w fi)

0 - phase angles initialized randomly from a 0 to 21T

uniform distribution

A - peak amplitudes

A - time constant which spreads the PSD aboute

the discrete frequencies

A scale factor
m

The relationships between the peak amplitudes, Ai, were determined by comparing the peak-
amplitudes of the PSD at the desired frequencies. However, these values are the pitch rate

densities in (rad/sec) 2/hz nnd need to be related to the equivalent autocorrelation values.

Since the autocorrelation function, R(0) is related to the PSD by

R(O) f PSD (f) df

18
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It can be shown that with an ideal bandpass filter of bandwidth, BW, we can relate the

autocorrelation values, A1 , to the PSD values, B1 , by

2
A BW.B.1 1

Using the first four (n = 4) predominant frequencies of the PSD given in Figure 2.15

fi= $11, 22, 33, 44}

and their peak values

B= 085, 0.10, 0.56, 1.01

the autocorrelation values hre calculated with BW 500 hz as

A 1 = {6.5, 6.7, 16.7, 22.41

Usirg the time constant, Ae = -1, to spread the spectral densities about each frequency, the

scale fnctor, Am, was determined by calculating the autocorrelation function, Figure 2.16,

of the simulation rate gyro output signal and comparing it to the telemetry PSD, Figure 2.15.

A reasonable match was obtained with all the telemetry data with

A M(pitch) = 10 FT-LBS

and

A. = $1, 4, 12, 261.

Example time histories of F(t), the pitch rate, and the rate gyro output are shown in Figu &'e 2.17,

2. 18, and 2. 19, respectively. The missile was constrained to the launch rail for these runs.

An example of a pitch rate time history of the missile (not constrained to the rail) for the first

one-half second of flight is given in Figure 2.20. Front shoe exit time is .086 seconds and

rear shoe exit time (tip-off time) Is . 112 seconds.

2. 2. 6. 1.2. Yaw Model

The pitching moment forcing function and coefficients were assumed applicable for yaw. The

peak amplitude, Ami of yaw moment was determined in similar manner as pitch. Am (yaw)

was adjusted to give a reasonable match between the peak-to-peak yaw rates of the simulation

program and the peak-to-peak rates given in reference 3. An example of a yaw rate time

* The autocorrelation function was calculated with the Time Series Analysis Program

(TSAP), Reference 4.
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history is given in Figure 2.21. The best value obtained for the yaw rate amplitude

coefficient was:

A (yaw) =4 FT-LBS.

2.2.6.1.3. Pitch and Yaw Rate Initialization

As long as the missile is on the launch rail and the pitch and yaw moments are being applied,

the pitch and yaw rates are directly proportional to the integral of F(t). Inkgrating F(t)

results in the following equation, H(t).

A t A
H(t)= AmEE e 2-12 [A esin(4 1tt+ 1,)- Wcost++)J Eq. 2.9

-A* + W2

The proportionality constants for pitch and yaw are the moments of inertia about the

appropriate rotational axes. T2us,

H(t)RWR = i= Eq. 2. 10

W~t .Eq. 2. 11

where

H(t)Q - refers to the pitch rate equation
H (t) - refers to the yaw rate equation

R
- moment of inertia about Y axis

I,, - moment of inertia about Z axis

Equations 2.10 and 2.11 are solved at time = 0 to determine the correct initial values of

pitch and yaw rate so that the time functions of pitch and yaw are in phase with the moment

time function F(t). (This is equivalent to solving for the constant of integration of a differential

equation.) Pitch and yaw rates are not determined by Eq. 2.10 and 2.11 except for initialization.

Instead, the forcing function F(t) is numerically integrated along with all other differential

equations in the program.
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2.2.6.1.4 Roll Model

Roll transients were modeled based solely on the data given in reference 3. No additional

data on roll was available. Aui roll data plotted in reference 3 is given in roUl angle; however,

as with pitch and yaw, the roll transient was modeled as a roll moment. A roll moment model

was developed that produced roll angles that matched typial roll angle characteristics as

given in the reference.*

Examination of the slopes of the plots of reference 3 reveal that for all practical purposes,

roll rate is zero until the front shoe exits the launch rail. Roll rate then begins to build up

until a maximum roll angle Is reached between . 3 and . 4 seconds. Once off the rail, roll

angle varies about a mean value established when the autopilot gyros were uncaged. The

oscillation about this mean is caused by the roll stabilization system.

K The roll transient model developed assumes a zero roll rate and a zero roll acceleration (zero)

moment applicd) until front shoe exits the launch rail, as shown in Figure 2.22. Following

front shoe exit, a roll moment (F MX ) is computed based on the difference betwaeen front and

rear shoe exit times (At) and the desired rear shoe exit roll rate (tip-off roll rate, WPT)I or:
F= (W Y 6 Eq. 2. 12

MX (PTO L)~

where IX is the moment of inertia about the longitudinal axis and WPT sseiidb h

user. The exit time difference (At) is . 026 sec. for this missile simulation.

The roll moment (FMX is applied to the missile from the time of front shoe exit to the time

MXX

rate Wr,~ Immediately following rear shoe exit, all transient models are zeroed out and

the simulation reverts to 6-DOF guided flight. An example roll angle time history resulting

from this model is shown in Figure 2.23.

* Modeling of roll transients is critical because of the interaction between seeker break-
lock and roll acceleration. Seeker breaklock is influenced by roll acceleration through
the roll coupling term of the seeker rate gyro output axis. This output axis is directed
along the roll axis of the mnissile.
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2.3 Input Variable Description

2.3.1 OCS Input Variable Description

The following list identifies all variables of the OCS seeker subroutines (52 and 53) that can

be input by 3-cards.* Variable names beginning with K are the gains shown in the block

diagrams of Figures 2.1 and 2.2. Variable names beginning with W are the frequency

components given in Figures 2.1 and 2.2. The frequency variable names themselves do

not appear in the figures. Instead, actual frequency values are shown. However, these

variables may still be input by 3-cards. The variable name and its position in the block

diagram can be correlated by the frequency values tabulated below in the second column.

SYMBOL
FORTRAN USED IN C
SYMBOL TEXT INDEX DEFINITION i

KQ1 KQ1 545

KQ2 KQ2 547

KQ3 KQ3 549

KQ5 KQ5 551

KQ6 KQ6 553 PITCH CHANNEL GAINS

KQ7 KQ7 555
KQ8 KQ8 557

KQ10 KQ10 559
KQ11 KQII 551

KQ12 KQ12 563

dCR1 KR1 546

KR2 KR2 548

KR3 KR3 550

KR5 KR5 552

KR6 KR6 554 YAW CHANNEL GAINS

"wR7 KR7 556

XR8 KR8 558

KR1O KRIO 560

KRIl KRUI 562

KR12 KR12 564

Input description continued on next page.

See reference 1 for definition and use of 3-cards.
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SYMBOL
FOR+TRAN USED IN C
SYMBOL TEXT INDEX DEFINITION

WTQ1 6.17 573

WTQ2 1.89 575

WGQI 50. 577

WGQ3 20. 581

WGQ4 1. 583 PITCH CHANNEL FREQUENCIES

WG05 314. 585

V GQ6 1000. 587

WRQ2 314. 591

WRQ4 1000. 595

WTR1 6.17 574

WTR2 1.89 576

WGR1 50. 578

WGR3 20. 582

WGR4 1. 584 YAW CHANNEL FREQUENCIES

WGRS 314. 586

WGR6 1000. 588

WRR2 314. 592

WRR4 1000. 596

RCL RCL 597 Rate command limit iv, pitch und yaw

TCLQ TCLQ 598 Torque command limit in pitch

TCLR TCLR 599 Torque command limit in yaw

J JI 565 Moment of inertia oinner gimbal

JO0 JO $66 Moment inertia of outer gimbal

GEOCS GEOCS 497 Rate gyro gain to autopilot, pitch and yaw

FRI FRI 567 Inner gimbal friction coefficient (in-oz)

FRO FRO 568 Outer gimbal friction coefficient (in-oz)

FFOV FFOV 604 Blind range decimal percent field of view

TARHT TH 601 Target height (Rt)

TARWD TW 602 Target width (ft)

TAU " 600 Seeker sample period (see)

TLAG 606 OCS transport lag (sec)
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2.3.2 Launch Transient Input Variable Descriplton

A new subroutine, LTRAN, was added that contains the pitch and yaw moment forcing

function, F(t), and the pitch and yaw initialization function, H(t). This subroutine is called

by subroutine A31 for initialization of the rates and by subroutine A2 to compute the time

varying rates.

The roll transient model is also initialized in subroutine A3W. Subroutine A2 contains the

logic for integration of the roli acceleration computed in A3i.

The following list Identifies all variables of the launch transient models that are input by

3-cards.

Ii

SYMBOL
FORTRAN USED IN C
SYMBOL TEXT INDEX DEFINITION

WPTO 1738 Tip-off roll rate (deg/sec)

AMP2 A 1742 Peak amplitude of pitch moment forcing function
m (ft/lbs)

AMI.P1 A 1746 Peak amplitude of yaw moment forcing function (ft/lbs)
m

VIB 626 Launch transient vibration flag (pitch and yaw only)
0 - no vibration

I - run with vibration
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3.0 RANDOM ERROR SOURCES

Initial condition random error sources specified as probability distributions unique to the OCS or

impacting the operation of the OCS are listpd below and described In the following sections.

1. Seeker Platform Mass Unbalamce

• Outer gimbal

0 Inner gimbal

2. Seeker Rate Gyro Errors

* Drift

* Mass Unbalance

* Output axis/missile roll coupling

3. Launch Transient-Rate Distributions

• Pitch and yaw rate

* Roll rate

3.1 Error Source Distribution

3.1.1 Seeker Platform Mass Unbalance

Error randomization of seeker platform mass unbalance was added to the simulation program I
for both inner and outer gimbals of the seeker head. Missile acceleration normal to the

gimbal plane acts on this mass unbalance to create a torque that attempts to rotate the

seeker head, thus generating an error signal. The seeker torque motor must then compensate

for this error.

Figure 3.24 illustrates the mass unbalance geometry of the outer gimbal ring. The centroid

of mass unbalance is assumed to have an equal likelihood of lying at any point in the gimbal

plane, while the mass unbalance magnitude (KuBo) distribution must be specified by the user.

Since mass unbalance magnitude includes the moment arm as well as the normalized force

acting on the moment arm, the actual radius on which the mass unbalance lies is unimportant,

except as to whether the resulting torque causes a clockwise or counter-clockwise rotation

about the gimbal axis. Thus, following the selection of the mass unbalarce magnitude from

a specified distribution, the sign of the mass unbalance is selected from the uniform

distribution shown in Figure 3. 26. The torque acting about the outer gimbal axis is then:
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T =A K •SGN(RN) Eq. 2.13
UBO XGO L'BO

The total acceleration,

AT = [AXB' AYB AZB] Eq. 2.14

acting on the missile is resolved through the outer gimbal angle (8G) to get the acceleration

component (AXGO) normal to the gimbal plane. Thus, from Figure 3.26,

AXGO = AXB Cos G-AzB sineG. Eq. 2.15

Since the outer gimbal rotates about the y-axis (Y of the missile, only the acceleration

components along missile x-axis (XB) and z-axis (Z act on the gimbal plane.

B B G

GO

z GO

ZB

FIGURE 3.26. Gimbal Rotation About Missile Y-Axis
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The inner gimbal mass unbalance centrold is somewhat more complex to locate because the

inner gimbal mass is more complex in shape as shown in Figure 3.27.

J r/I

TUB,

ZG

FIGURE 3.27. Inner Gimbal Mass

As with the outer gimbal, the distribution of the mass unbalance magnitude (KuBI) i user

specified, while the plane in which the centroid lies is assumed to have an equal likelihood of

being oriented at any angle ( X ), as shown in Figure 3. 28. The angle X is selected from the

uniform distribution shown in Figure 3. 29. The resulting torque acting about the inner gimbal.

axis is then,

TUBI K (NG C° X -AG sin X ) Eq. 2.16
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The acceleration components (AYG and AXG) in the inner gimbal coordinate system are

determined by transforming the total acceleration (AT) through the gimbal angles

and qtG), thus

AXG AXB

AyG = [M]G AyB Eq. 2.17

A ZGj A Z B

The transformation matrix [M]G is derived in Section 2. 1.

Mass unbalance magnitude distributions are normalized with respect to acceleration. Thus,

mass unbalance has the units of IN-OZ per g of acceleration. All acceleration components

seen in the preceeding equations are also normalized.

3.1.2 Seeker Rate Gyro Errors

The seeker rate gyros can produce errors that perturb and bias the tracker rate loops and

degrade the performance of the OCS seeker. Therefore, the primary errors sources of these

rate gyros were included in the simulation program for study. Gyro errors (or more correctly,

gyro error t.orques) can arise from a variety of different sources and are usually expressed as

equivalent gyro drift rates.

Constant gyro drift rates result from uncompensated bias torques, L , and their magnitude

is usually a measure of the gyro quality. Acceleration sensitivity is primarily a function of

the mass unbalance about the gyro output axis, i.e., the center of mass not coincident with the

output axis. Linear accelerations, A, normal to the output axis produce gyro drift rates

proportional to the acceleration.

The last gyro error source to be considered is a characteristic due to the inertia of the gyro

float assembly. Angular accelerations about the output axis, W OA, cause gyro pick-off angle

errors, vwhich in turn torque the gyro through the electronic caging loop resulting in a gyro

drift rate. Thus, the total gyro error rate is

L P +OA.

H H 5WOA Eq. 2.19
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where H is the angular momentumof the rotor, P is the pendulosity, and J is the moment

of inertia of the floated assembly about its output axis.

The OCS platform has two stabilizing rate gyros mounted to sense Inertial rates in the pitch

and yaw axes. These rate gyros are so mounted that their output axes are aligned with the

platform roll axis. Therefore, from Eq. 2.19, the error rate for the pitch gyro is

t O K BO +KPO A+K OAO ýROLL Eq. 2.20

and for the yaw gyro

W KB +K A +K Eq,. 2.21
C1 BI P1 QA1 CWROLL

The coefficients in Eqs. 2.20 and 2.21 are user specified by their distribution functions.

Since the gyro pendulosity, KP, has an equal likelihood of occurring anywhere about the

gyro output axis, its location is picked from a uniform distribution prior 'c each run.

k
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3.2 Probability Distribution Input Description

3.2.1 OCS Monte Carlo Input Variables

The variables associated with the Monte Carlo seeker models are given below. The mean

values of these variablee are input by 3-cards and the probability distributions are input by
**

8-cards.

Program C
Variable Index Program
Name of of Module MCAR LO Flag*

E cror Error Calling
Source . Source MCARLO Name . Index Definition

KUO 611 S21 611 Ouaix gimbal mass unbalance
(in-oz/g)

KUI 612 S21 612 Inner gimbal mass unbalance
(in-oz/g)

KBO 613 S21 613 . Outer gimbal drift rate
(deg/sec)

KBI 614 S21 614 Inner gimbal drift rate
(deg/sec)

KPO 615 S21 615 Outer gimbal pendulosity
coefficient (deg/see/g)

KPI 616 821 616 Inner gimbal atift rate
(deg/sec/g)

KOAO 617 S21 617 Outer gimbal output axis/
roll coupling coefficient
(sec)

KOAI 618 S21 618 Inner gimbal output axis/
roll coupling coefficient
(see)

*MCARLO Is flagged by the C-Index of this variable In the calling module.

When MCARL.O is flagged by this C-Index, a random number will be returned from
MCARLO for the error source in the first column.

0 *

See reference 2 for definition of 8-cards.
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3.2.2 Launch Transient Monte Carlo Input Variables

The variables associated with the Monte Carlo launch transient models are given below. An

8-card is used to select any one of these models (roll, pitch or yaw) as a Monte Carlo variable.

Roll is the only one of the three that requires specification of a probability distribution on the

8-card. The pitch and yaw models do require 8-cards; however, the probability distribution

input fields are left blank because pitch and yaw are randomized indirectly, as explained in

Section 2. 2.6.

A mean value of roll rate (WPTO) is input by 3.-card. Mean valuee of pitch and yaw rate are not

input, because the mean and distribution of these two variables are determined from solution

of the forcing function, F(t), Eq. 2.8. However, the peak amplitude of pitch (AMP2) and yaw

(AMP1) moment (due to helicopter vibration) must be input by 3-card. In addition, the flag, VIB,

defined in Section 2.3.2 must be input equal to 1.

Program C
Variable Indcx Program
Name of of Module MCARLO Flag*
Error Error Calling
Source Source MCARLO Name - Index Definition

WPTO 1738 A31, A2 1738 Mean tip-off roll rate
(deg/sec)

AMP2 1742 A3I, A2 1742 Peak amplitude of pi~ching
moment forcing function
(ft/lbs)

AMP1 1746 A31, A2 1746' Peak amplitude of yawing
moment forcing function
(ft/lbs)

I
*MCARLO is flagged by the C-Index of this variable in the calling module.
When MCARLO is flagged by this C-Index, a random number will be returned from .

MCARLO for the error source in the first column.
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3.2.3 Pitch and Yaw Randomization Independent of Launch Transient Model

Pitch and yaw tip-off rates may be randomized from an input probability distribution by

inputting the C-indices of pitch and yaw rate on an 8-card. This capability was added as an

option to directly randomize as opposed to indirectly randomizing pitch and yaw rates as

mentioned above. Use of this option will generate instantaneous changes in pitch and yaw

rate at time of rear shoe rail exit. This option was added primarily to allow randomization

of pitch and yaw rates for launch from a tower er ground vehicle in which there are no

launcher vibrations. However, this option can be exercised simultaneously with the vibration

model above. Roll rate randomization described above applies equally to helicopter or

ground launchers.

Program C
Variable Index Program
Name of of Module MCARLO Fla-*

Error Error Calling
Source Source MCARLO Name . Index Definition

WQ 1743 A2 1743 Pitch rate (deg/sec)

WR 1747 A2 1747 Yaw rate (deg/sec)

*MCARLO is flagged by the C-Index of this variable in the calling module.

When MCARLO is flagged by this C-Index, a random number will be returned from
MCARLO for the error source in the first column.
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4.0 COMPUTER PROGRAM DESCRIPTIONS

4.1 New Subroutines

The basic structure of the 6-DOF Monte Carlo program remains unchanged. Modifications

and minor alterations were made to Incorporate the OSC subroutines and all related models.

Four new subroutines were created and minor changes in other subroutines were made to

interface the new subroutines with existing program structure. The new subroutines added

are:

1. LTRAN - pitch and yaw helicopter vibration subroutine

containing Eq. 2. 8, the moment forcing function,

and Eq. 2.9, the rate initialization function.

2. S21 - OCS initialization subroutine. This subroutine

initinAlizes values for both ')CS models, 52 and 53.

(S21 contains an entry point, S31, that initializes

variables pertinent to S3.)

3. 52 - The derived OCS model subroutine, which %:contains

both high and low frequency components.

4. S3 - The simaiplified OCS model subroutine, consisting,of

only the low frequency components.

Input variables for the OCS model and all related models are defined following the sections

that describe those particular models.

Seeker subroutine selection is made by use of the 2-cards. Care must be exercised when

changing 2-cards, because, as explained in reference 1, the order in which 2-cards are

input determine tne order in which all missile and environment subroutines are called.

4.2 Monte Carlo Runs With Breaklock

Flights that breaklock are terminated when breaklock occurs. This, of course, impacts

the Monte Carlo operation of the simulsion program. Dropping the run from the run set

reduces the number of miss distance values that wLll be used to compute statistical information

such as mean, standard deviation and CEP; and this in turn rcduces the confidence level of the

statistical data. To alleviate this degradation in confidence level, additional runs are
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automatically added to a run set to make up for runs terminated due to breaklock. However,

a limit of five additional runs is built into the program to avoid ad infinitum runs (or until

computer run time limit is reached) due to the occurrence of a very large percentage of

breaklock flights.

At the completion of a run set, and prior to printing out CEP data, the number of breaklock

flights occurring, the total number of run attempts made, and the ratio of these two is

printed out in the format shown below.

* *, r Agtt• )CK 
4
fiK NICe Oft•RA•L OCK1 tA *•LOCK RI•AKLOOC4OF~K•R E i~.OG K'•O*k' -cK • PE-aN LOGKeAJL•R-OC K 6'O •E A'. L-OCK-

*UjE AKLOGK# *BNE AKLOCKe
OUtl~.A KLUCK* OtORE AKLOCKA&-

t~AKLOCKi; THIS RUN S;ET HAD I? BREIKLOCK FLI[G1TS OUT OF 30 GIVING A PROPORTION OF SbG?7 .O -EAKLOCK*
&iki. AKLUCK-- *-REAKLOGKG
IjHil AKLOUCK BRRE AKLOC•*e.Ukt £-tgC I-- RtAC •. K'r A K•eC B"UKt A REA KNO d BKWA-4A RLOCN •eBR AWL O RE A• B•A*LOG•bRE• •E AKLOC

4.3 Sample Run

An example of a Monte Carlo run set and a CEP circle utilizing the OCS model is given

in the following pages. The example consists of four runs out of a 25 run set that went

into the CEP calculation.
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3 WLl 532- ý 0.30o .4ZL fL.E+0L21. -0. 1 1,35 - r,-3U.30C

Reproduced from WM
bestavalaI copy.

42



.3 4 L 165-0 -0.00 .1519Oo E+01 -G. -G. Ca.# -0-o.oooa3 .ILxx1 f6i-0 -0.13 3560C CI.EZ -0. -0.utob a -0-C.0.u0
3 4LJeCI 863-0 -0. 00 3.300 4 ý+OZ -C. -C. oa OOJ -C. 0 a3 PILJKZ *-164-0 -0. 14) .3ýtoE0 -z -0.j -000.
3 .IJi 373-0 -0.0 GO ISC4L ( Iit#EL -0. -0. U j .j -0-0. 0040

3 lxx 7 -3 -. 00 .654Q3c,.E+QG -0. -0. OjiLO -0-G. 0000J4JK 73-U -0.30 .1750 00E+103 -0. -a.oo 00-0,103 OJK 14-j -0.110 .65400LýE+C -0. -O.0aqc --. 003 4xx -31;-0 -. o . Cooo +&O -4. -0. 043 -0-0. 30ý03 GJK 175-0 -0.00 .25;0o0ýE+Ol -C. -C.GOQO -0-9.0061j
3, 770 0 ~ a -.- 0. OuDO -0-0. )0.3 313AS I 13-0 -0.00 0. -0. -0. 0330 -0-t0.10403 INzAS 479-0 -0.0GO 0. -0. -C . oaý -0l-4%COGOo3 Axx 190-0 -0-40 '-18600 04.E+2 -0. -G. 9103 -0-0. zloo3 3PTACT IL40-0 -C. 00 0. -0. -0.1.ý3 0 -0-3. c100.1 IL 4-3 -0.00oG .13001.3CEeOZ -0. -a ao -o-D.Ouag.3 lGCL 11 47- 0 -0.10 % 24113. Ci.E+03 -0. -6. L 0" -0-Ia. a luD3 vs IL44- 0 -0 . t0 *600006LE+01 -0. -0. 0 k0 0 -D-Il. 0 ca3 Z N - 143-0 -0.00 IcOlOOOE.0bl -0. -0. 0030 -0-0.0DODO3 it 1151-0 -0.00 .711000CýE+03 -0. -0. OCfl -0-0. 0000

IL SH- 1Z- C -0.6.0 0. -0. 603 -0-0. alua3 WN LL 53- 0 -0.00 1I6bO2V0E+U.3 -0. -0.000 -a-0. 4000
3 GZ LL S6 -0 -C .60 1LOG0& OE#0I -o . -0. 0oo a -C-0. c 36 -aCO !3' Oý . 6100033074,31 -G.Lo0l -0-0.00001

3 aLOR V33-0 -0.60 0. *-0. D E4 -0. 0031 -0-0.0300
J3VAE 1.14-0 .OU 1965011E0E*C -0. -O.0033 -0-0. 00003RLTfIL7-a-.0 . 50 0 aCG E+06 -0. -00030 -a- G C. Q3 1.6llQ-060 . Z3200 C E*OZ -0. -0. J640 -0-0.0303I3 ýACGO 1117-0 -0.00 -.7500000Ec-O -0. -0. 0033 -00ooo3 AOGYI 331- 0 -0c..,a U.2701E0 -0. -0. Oo30 -0-0.040003 INM4K 1*4 0- C -0.0'0 .50000E. -0. -- G~. OUQ -0-0630o0.3 L#vF140-0 -0.00 0, .C00CJE.01 -0. -0. 0030 -0-0.03o0
3 %LCG 1.21-0 -0.30 .19.3000LE*C3 -0. -0.0000 .- P-0000u3 OGRA 1627-0 -0.uO .3217'.CCE02 -0. -0. 0000 *C-.OJo3 op 1416-0 -0.00 I.5DO;CJE+GZ *10, 030 -0.00)0i *0.3003 IUEG 1#1-0 -0.00 -. 1503C0E-01 -DoO OO.i -0.0000 -0-0 01100.3 ~P40GF 1419-0 -0.u0 3.26DE 0 -0 -.-00I'0 -0-6. 00003 ýMF 1'1- -u0.00 0.OUDEO -0 O)O~j1~.tjOl --. 0000
3 -my 1 P420 0 -0.40 0.46.LOOOOOCE.-0 -0.00 -0-0.00033 RLCGO 1753-0 -0.0.0 0.140EE -0. -0.0030 -0-0.0)00O3 APSZO LfS'.-0 -0.00 0.3L4EC- -0-. -C.Coc~o *-o-. 000o3 TEP.........Sa-0 -0.110 -.6COOQCOE+04 -a. ol-'3 -0.0030 -0- 0.0a0003 1t E .63-0 -0.00 0.I"QEE0 .1000000i.j1 -0. 0000 0-0. 0 000J 3 PPAR 23 .33- -0.110 .0000E0. 0o .0D. Du~o -0-'a.003
3 VPN 45- 00 -0.00 0. * L00031OOE.,I 1 -0. GOOD -a- 0. CGOG.3 V 4?- 0 -0.00 U.1200E .100030cill -O.O000 -0-0.03003 8HOF 053 -0 -0.0-30 .2501C0 -0. -0. 0030 -0-0.0-300

3O S.57VS-0 -0.00 Doi00J~j 30. -0.0010 *6-0% ODOo
.57U Z L-0 -0.00 ZCDGQCOGE.01 -0. -0. 00CO -0-0. 0000S st 460-0 -0.00 -.~00LE. .IO0OOCOEI.)1 -0. 0000 -o-04oDUO3Spp2 bs hl-4 -0.c0 -.1~0UCCE.U4 .100000 -0.01000 -0-0.0100o3 AP31 0'.-0 -0.00 U.I40.L -1000.El -0100--0. 00 00 JO

3 OSL 345-0 -0.00 *143000CE+02 -Os -0.0COCO -0-0.0000
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3 K Q 3 i ' ~ o -0 .~ 0 . 3 Q 0 E o ¾- 0 0 0 0 0 0J lK tI5 5 -f -0 .0 2 0. O O c 0 0 o o o -0 -0 6 4) 0 0

3 9 0z - -0 .& -s o c c c - . -0 .0 00 0 a o o o o.3M8 5-c -0.400 -a. -0. CC-0 -0-0.0ouoi p 55'.-4 -0.uo .30o4g 0 0 0~ Ooo~3 )(or "Go- -GOOD15C0.L 0 0.0, -0-7.40043 KR~? o~- '.Q *~3oro 0 -4.000 -0-0.4000.3 K('a iS?-4 - .Oo~eo -a. -Q04jo -0o" f ooo3 '(RO 558-4 -0.00 .~~cco a 000 000~J '(QlQ580-.0 .60C~~~-.. -. 00 -0-0.030003 I(Rt ""a- -4-VO 0 .6oC#OLC 0. -0. 0060 -0-0.03000.3'Q:J. $60-0 -0.00 .951'0CCO(0l -0. -D. 003C 00.~~16L(1o5& -0 -0.00 . g30gO oiC oa -0, .0.0 3 -c0-0. a .00
-S K-(Lk'- 0 1 .~ 0 CE 0 0 -c. 00 3 -0-0.0 0003 ~7j~ - 50io-0.0 8?.0 -- 0.,* *Qo*qo -c-O.OlooJ Q1 ;?3-0 -0 .0 .6?UýEo0 0 0D00 0003 KRQR 57- 0zf -80 C C0 0.~000d -O-;.ýuoo0 .4T1..2 ~~171-0 -D.;oD . I 0 G .Q -0 .o a * -o jg3 w~1 3M-6 -0 .0 tio 0C.2 0 -0.Oa -0 0 - a.0 )OZgS4 6L 570- -00 .s0oocog-o -0, -0.oo032 -C-O.00003 WJGQ2 S ;6s L- 0 -0.00 9*04GfZ01 -Q. .0. 00~a -0-0.0000Sspf-c -0.00 #190 -~#G0. -0. '0oo -0-0.0000

M @Q~ 8-0 *0vo .18,C'C0O.E401 .0. 0o.Oi 00000 --. J03 QRIJ -. 3-O.003ýO!I~ j!iS . j; j: :5:.03JJ
3~Z 0Q, -0.0 300 s52QwCEfOR -0. *0. GOOD -0-0.0004

J3 W 533 -0.00 .0 2O4&CC .O2 -0. -0. goo -0-0.Lo00
I ~QL . 54?-0 -0. 00 .50~, + -.0-.0 3 -000 43 TIOUQ i'S-0 -0.00 a.70 00 s U. -. 0 0 -0-0.03000.3 ? LR4 %I,--4 -0..,o . 1 0 CE 1 --0. 0.-0014 o-0- . 00003 WG-s -0. N '15O04 e4E. -0. at lvoo a o-O. DUO3 JL 3651-0 -0.00 .35404L46+03 -0, 000 0oVr.3 .40 - --- 563-0 -0. u0 .l5803 CEo03 -0. -. oo 0 00 3

3 R1W ; or. 4bl' 0 - .00 .7i0030404E*C -0. . - 4o 4 -0-C.. 00o
5 WGR6 i88-0 -0.00 .30lg~eorug -0 . -7.0a007 j 0-0. OM0.5 WF0R(A S ;9-0 -0.00 .7v - u.0 -3. -0 00 -0-0.O00o3 4j T 0 - -0.00 4344000 E+3E -0. -0.- 0000 .0-0.0g0o
3 WR4$w '92-0 -0.00 - 4GOSOOC E+63 -0. -0.0000 -0-0.03004
3 OWRV 3a. -0.0 .w 50300&E-04 - .10 0 o E 3 -C - 0a 30 -0-0.0 3000
J3 TCL12- -0.60 o16?OwrCE*Gj -C. -0.00-30 -0-0.0000
3 RNTRT $95i-0 -0.00 *49?30JD E*O1 -G. -0$ 0030 .0-0.00008 3RO 0R ~ ;9)-cP,. -0..00 1230E0 .000E 3O.OZ000 -- 00o 4~1O $RF 0 1 65-6 -0.040 .5350 0~ E L Ot0 00 0 . 3.0000 -0- 0.0 ate
8 4~0 t IU P 1 66 0 OQ.ag ;12 5 jE C .0 oc0 -0-0.10,sJO 3'RO 4ZFTRi '67- -000 5!0.CCCE-u -. 0 000Gj "D-9030 O-0-.0000
3 'P I U. 51?-f -0.00 0. C- J 4E Q 0.1o O o c 1 o ~ -o-0*0000
4 VWTO ; 2-a -0.60 *10. 9 ýE - .. 0 J3 .I *o co0 a o-O- . v~oo
6 STEo Y ( 15540 16T5- 0 -0.00 .2-06OE 0 O.00 0 uo3 3. 0 0 0 .0. 0 co.

* SEAD ~N 8PZW 1 -0. 00 "100o~o .30.0Coco '-0-.0000
Ii ~ ~ z b41 EL-q a'~ -0. 0 G 5 0 j o .~ ~ oo -4 - . civ

3~ qZNST ERT -167-000 . 00iO CE-G -. C C OC* 3 -0.0000 -0-6.00t
6 ;Y Q CH DRIFT P1 -0. 09 .350W00CE.o -.1. 0J0 .i 1 &-Q3O 0-0-.0060
8 jYR DRIFTU sQo 1? ; -060a 3.000 E C 0.0 '~ n ' i ýoooo -0-6. conI NA.Gd .0-l 0.0 15O0DE,0-t -30. 00l) 3-0.000 -D-G.opoo8 GYaRO DRI'FST Pz i a -0.00 *'.2S0fiE+0g. 3.r0o~3 .0000 -0.0.&Oo3.a 5Y .0 Cjf * **,- IZf S ~ -

3 SPSW wO -615 4CCE01 34)Ga -0-.000

3 W DO 0. 10 04 0 0-ýoj 0-0436



S TMMST Z-OFFS!T Li13 I. -0.L0 .'.2006&GE-C2 -.10000)CE.J1 I .I o 00 -0-Q.0030
S fN.RST BALPHT tool 1 -0.M .25caactE#63 -*I0o&j00E~j 1 1.0000 -0-0. 0000
6 THRSt 9FHZt 1fr! 1 -0.00 .25000 U*4 -.L 00 02c.1 E 1.GC)0 -0- 0. 03LO
6 AUTOPILOT GY1 J 161 2. -0.0) .30aQCCCE+G1 -slocJOt:OC '*-1 1. 6040 -0-0.0040
8 AUTOPIL.OT GYq- 0 6I1 2 -0.00 .3.'000 DOLE4OGI -%14O0o00E431 1. DUO)L -0- C. C OCO
8 AUTOPILOT GY3 2 06z 1. -6.6.0 *3..OU;LLE40.-.GL) 1. 0010 -0-0. 0100
S 47ULLR A;4G 0P3EC V54 1 -0.60 .*1; 001 'E+U1 -. 3000OLC6 ,1 3. coati -0 -0. 1,0CC
6 EULER ANG ýTH4TO V 53 L -0.00 . lJ00(iCEtE*O -. 30003) 0ý'i 3. Q0)0 -0- 0. GOOD
5 EULER -,NG OPHZO lp 52 1 -6.ý0 .1jGQLC CE*QL -. 3 L01C 3020) 1 3. 04000 -0-0.0Data
5 '3UTLR IhOAL $11-G -6.00 .16?O0LkE-U1 -.30CO3070.-e o 3.60)0 -0-0.0 COl
5 114tiLP UtJRAL ~ iL-O -0.00 .16700CLE-OL -.sjiOk0t0)Eo.1 3.0000O -0-0.0"'C0
3 TIPOFF WP MIEAN4 1)38-0 -0.03 .2o0OCCOE*32 .2.0C0CIOt*)2 -C. 01004 -0-0. 0000
3S WS. 1- 0 -0,00 -.600UO0CE'i)3 0 LO00)0c+3 1 -0. 0000 -0-0. 0300
3 VMWTC ii ?'#- 0 -0.00 .1300gCLE4O3 .2.000joiaS631 -0. 6000 -0-0. 0400
3 r LAG 101-0 -0 .J0 LGDQOGOE-01. -0. -0. OC30 -0 -0.0a0JO
3 TLAG 606-0 -0.00 12. -0. -0. OGG4 -0-0.0000o
8 TIP OFF ROLL 4AA% to 3- 0 -0940 .2.0 00 6iiE*02 -a 30GG30 0' 1 3.0 000 -0-0.0000
S 'cIZ AMPLILAUNGtI' 4i. - 0 -0.00 .l'.00OOLE*UL -s 300 0)3 3:4)31 3. 6000 -0- C. 0 j0
5 FMY A0PLILAUNIONI 041.-0 -0.C0 La1oC00C+E02 -. 3000130OE 11 3. 0013 -a0O.00tuO
3 Vt1Z IILAN (LAUNCHI 0.75-4 -0.00 .8CUOQ0LE*C2 lrj0J0~.jO 2.f -0. GCQO -G-C.C0;Z
3 F AY ME414 ILAJ4CH) 1)4.2-0 -4. 0 #2ýC00LýEe03 0 100 L)00 -: 11 -0. 1103 -0 -0. 0000
3 <OAO 6170C -DOUG i870CL C ij E-0 .100U000 ý-1 -0. GOut -0 0 .J0000
3 <061 i 2.-C -0.00 *SFU00OCE-03 .IOOO3j~oJ) i -0. G000 -0- 0.40040
8 KOACI Wl-0 -0.00 .3U 0 9GCCE-04. -. 309t0GE+31 3. 000a -0 - go .3C0
8 <OA1 i13-0 -0.00 U3 ODCOý E-04. -. 3U0.J0OCEI)L2 3. G 03 4 -0 -0. a GN
3 KUL i12-0 -0. O. 50 *5 3 LL0E-01 . 1OD30 E #-31 -ý 3000ý -C -0. 0330
3 KUO SII-Q -0.4.0 .564O0CCUE-Ci . 100)010 1E*;1 -0.. Q 000 -0 E-0. 003
3 XE 111;-0 -0 .0G0 1 CQ -.. -0OL E+ .104ooooE~ i -0. i00)0 - - 0. 03c00
3 JTiir0 1.53-0G -0.40 21ZG 0 CC E+01 .I0G0)2E.)1-43 -0. 0050 -C0-c.0 goo
3 8THTO if 1.13 -0 -0.00 -. 85300&JE+01 .I o 03 17-:+) I -Go000)3 -0- o0.4)000
3 9 E j15-0 -0.00 - ..40 0030CCE1#04 .1010 030 0Ef ) I -- .OilO -0- C.00COG
3 3 THTO It 53- 0 -0.00 -. 49C00064E4CI . lco03c3r-§ a -0. 00)0 -0-0. 0-300
3 KE L$15-0 -0.00 -. ?cUoOOCOEi01 .I000300E~j 1 -0. 0000 - 0-0. C~kO
3 HZELICUPTEtR VID ý2ý-6 -0.a0 i1.cDQ0jE4c1 -0. -0. 00.0 -0-0. 0000

-0-0 -0.40 u0. -0. -0. 0000 -0-0.0000
MIONT-- CARLO INITIAL CONDIT134S

C-lNOEX NC-VALUE MIEAN DISTRIBUTI ON LOWER POUND UPPER POUND
52 8.12880?? Do.000 0600 NORMIAL -3.000 3.030
51 236.561 0.000 UNI FORM 0.010 350.0000

J.Z47 -.153 0. 000 J.I FORM -1.')30 1.00)
124.6 .375 C.000 UN.IFORM -1.000 1.00)

1250 -.1?29 0.040 UNIFORM -1.000 l.030

1251 -. 37? G000o JIIFORM -1.030 1.040O
1252 Z181 0.000 UPI FORH -1.00D 1.000

1363 -. 775o 0.000 UNIFORM -I.Ooo 10063
1314 -.064 00000 UNIFORMI -1.030 1.063)
1365 **9'4 0.000 Jfi FORMI -1.40I 1. 0 1.2

175'. C71 0 . 00c UNI 0ORM -3.C00 l.Cj3
1453 -t.230 -4.O00 UNIFORM -1.000 3.0(j)

1752 1C3800 0.06000' NtIORMA -3.000 3.03!
7615 -.0 691.27? .050)030 NORMAL -3.000 3.000

1612 .uacso3 s O.UL 32u NORMIAL -3.000 3. 033
7617 .00445657 .0000001 NORMAL -3.040 3.0 0

364L.75 asco UNFOM 1.301450

36 -59 000 UIOR-- .401-4



FRONT LIJG .L~ARS R.kZ.. 1 8.59E-92 REL VEL a2.LlE+C2 PZYC4 140MENT a -56-O
RANGO z 3.5848

TIPOFF 1ATES--ROLL a GdL PITrH a -4..) YAW -3.1

PER.4' LUG CLEA4' IAIL T *112CREL VEL a232.M2 RAIL FOICE s 46*.63
RANGO a 593

T IHE. it2O SVEP SIZE*. 8.33OLLOOE-03

GUR'4OUT TIM--a 3.0011 ;E,.

.....a..* * . ....................

00,A BREA(LOGIK VALUE a .203)? IN PITCHi

#f+MAX PREA<LUC( VALUE a o27Z2?. IN YAW

RUN NiUMSEq s 1.

ll135 OISTAIJCE = o;4.l'1Z5C.00
FLIGHT TIME u 6.5360j95E+GorROELX a ,lS~,80 ROELY a 4.51565?5ý_-)L IOELZ i .759E4

RYFP a *'..54.5'd7-11 qZ~p = 497296ZO9E+0.......

BY
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Z.4PJT DATA

b -0C-0. &eo -c * -0. -0020 -0-0.O300aD

MONTE CARLO LNITIAL GCDNITIOIdS

C-INDEX MC- VA LUE MEAN ')IS TRI OUT ION LOPIER BOUND UPPER BOUND
522.9i129063 0.00C3003 NORMIAL -3.000 3.0 Co

51 163.976 0.000 UNIFORM 0.LiaO 3b0.0.i0
124.? -. 04?' G. COO UNIFORM -1.~o1. 0vo

1249 -. k C-00C UNIFORM -10. .C49
1250 -315 0.000 UNI FORM, -1.010 1.0.33
L251 -. 180 6.00C UN 1FORM -1 .C00 L4049
1252 -. 229 0 . 00C JNI CORM -1.036 1. too

* 1313 1.3 .6000 UNIF ORM -1.00C I.0
L14' -. 101 0.000 JNI FOR'4 -1.000 1.00a
1315 56u2 C.OCG JNI FORAi -1.0300. 43
14CL1 -. 15i2 0.000 UNI 1F cN -1.Cio 1.000
1.402 .01. 20.000;O U14IFORMI -1.oCC 1. 030
1731~ 38. b3122S 230 CD2C NO RMAL -3.000 3.0 0
L 764. *uR3iJUl4 0.000000 NOI tMAL -3.000 3.ov3
L765 .2738540 0.000220.3 NORMAL -3.000 3. 030
L766 -- -. L.695206 0.00009003 NOR MAL -3.65c 3. 030
176? -. 113949 E.0G00300 NCR.MAL -3.000 3.330
350 26ý 6 0.000 UNIF0~1 -1.L10I.0
361 L.096 U.000 UNIFOP.M -1.630 1.003

.362 .713 C.000 UPI1 FORM -1.000 1.000
175'. .389 0.040 UN IFORM -3.0.00 3.032
1753 -3.681 -4.960 UNIFORM -3.00c 3.003
L752 1.190 0.000 UN IFORM -3.000 .4
611 U 418523 . G501)0 0 NORMAL -3.000 3. 009
612 .0E1SL68 .0503000 NORMAL -3.0ý6 3.040
61? .0L&3069 .G030?0 4 NOajý IAL -3.0003.06
618 . J E 84 66 .0008?53 4ORMAL -3.OO0i 3.ouo

T1 Mý. 6002C 400 SIEFP SIZES 2.aO63wOUE-03

CRONT LUG CLEARS R41L 7 6 .6SE-02 REL VEL a Z.LiE+02 PITC4 MOM'ENT a-5.41E*Cl
RANGO =3. 5829

TIPOFF IATEI--ROLL a 38.3 PITCH =-21.i Y8~A -1.9

PEAR LUG CLEAR; RAIL 7 .112OREL VEL 232.876 RAIL FORCE = -41.32
RANGO z 5.9?69

T I14E - .11t2 00 0 SrEP SIZES 8.35056DO0E03

OURŽAOUT T1Iii-: 3*0011 E^..

0,3S 8LIN!)*RAN*GE SIGýA, HOL0 AT TIM a .4 R*A*NGE = 33

#-++MAX OREAKLUCKC VALUE a .38339 IN PITCH

#ý4MAX LREA(LZ)CK VALUE a -. 34618 IN YAW

RUM. NU,'i0R =

MISS DISTAN4CE c 3.a.27765E+00

FLIGHT TIME z 6.i467267E400

ROELX -5.7~lo'.81E-01 ROELY z 5.275E1 RDELZ = 3.?59587tE+00
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RYFP a-.J2..LL"'E-3L tZFP r 3.6097098E4.00

ZNPJT DATA

.6 .0-0 -0.00 -0. ... . 0. -0.O00u -0-0.0000

MONTE CARLO INITIAL CONDITIONS

,-INOEX MG-VALUE MEAN 3ISTRZBUTION LOWER BOUND UPP;R BOUND
52 0.L62962 O.O0003•03 NORMAL -3,040 3.003
51 248.545 co.000 JNIFORM 0.0u0 35•0OOJ

. .12..7 6 coc3 o.000 UtNIFORM -1.000 1.030
12458 .066 0.000 U.ZFORMI -1.000 1.000
L24 1 9 -.:11s .000 JNIFONH -1.000 1.003
1251 -. 261 0.000 U1I FORM -1.000 1.063
1251 -. C89 0.000 UNIFORM -1.000 1.0)3
12'2 .1b3 0.000 UNZIORM -1.00 1. 000
1313 ...... 03 0.000 UNIFORMl -1.000 1.0w0

1314 :Lr3 a 000 JNIFORM -1.0u0 1. 000
1315 ( .G3 .o000 UNIFO -1.00 .003
14&L .. 1o5 0.000 UNitORM "1.000 1. 000

* ... 1452 0.000 JNIFORM -1L000 1.001
1738 43.3415734. 20.0003300 'dORMAL -3.000 3.000
L76.. 4 .- *9066708 0.000310.1 4CF.HAL -3.COG 3. 0 0
L765 -.62C6029 0.000030) NORMAL -3.000 3.000
1766 -.067724 0,O0O00GO NORMAL -3.000 3.043
L.76Y oC24371 L0003003 UORMAL -3,000 0 3O0i
360 2.538 0.000 UNIFORM -1.000 1.000
36. 2. F57 O,.000 UtNI FORM -i.uJ00 to coo

362 .675 0. O UNI 0OR M -1.000 1. .0O
1754 N853 a0G UNFORM .00 3.-•00

RA175T3 .3,641 -490C UNIFOVR -3,J0 3,056
1 752 -2. 797 0. 000 JNIFORM -3.6ac 3. GjC

.... 611 ,0685639 ,050DOGO NOR MAL -3,000 3. 000
6L2• ,GE6590b .05.'1001 NOR MAL -3,&OC 3.0do

S. .. . ...... 611 .0 0163756 .o0oo,1 3. NORMAL -3.000 3. V 0
616 .OOCC8565 .0008'0.} 4DR11AL -3.6ce 3.0jo0

TIME= . 6.02'. C5 S;EP SIZE. 2. C t0. CO1E-03

FRONT LUG CLEARS R;IL, T =8.6GE-02 REL VEL m 2,L11102 PIT.4 J10MENT - 6.4;E4-1;
RANGO a 3.5828

S.... .... ... TIPOFF IATES--ROLL =- 43.4 PITCH • -22.J YA4 = o.z•

REAR LUG CLEAA; RAIL T = il2GREL VEL =23U.3?5 RAIL FOR.1E = -49.56
RANGr.• a 5.97E6.

TIMEs -. .112;JO0 SrEP .SIZES 8.35CPU00E-0ý2

OURNOUT TIME= 3.0011 SE.

OCS BLINO RA4GE SIGRAAL N3LO AT T1ME a 6.16 RANGE * 3050

###MAX BREAKI.OCK VALUE x .36408 IN PITCH

R#-M AX BREA<LOCK VALUE a .22631 IN YAW

RUN NUMOLR s 3

MISS UISTAtNCE a J.979g666E+00

FLI;HT TIME - 6.04;5555E+00

ROELX a -6.5!8,60?E-01 ROELY • 5.2100933E-31 ,DELZ a 3.8901±TCE.00
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RYFP l..970357d.E-)i I.ZFP * 3.941.87~o0B1E

[F4PJT OATA

-3-0 -0.00 -9i 0 o.00o4a -0-0.0000
MONTE CARLO INITIAL CON3ITIO'dS

C-IN1DEX NC-VALUE MEAN JISTRIBUTION .OWER BOUND UPPER BOUND
52 -.30.7594857 Co000023 NORMAL -3.ijJG 3.002
52, Z0.576 0.000 UNIrORm 0.030 360.W3

1247 .352 3.000 UNI FOR.1 -1.000 040o
1243 -.510 I..000 UNIFORM -1.0 1.o000

- 1249 -. 095 4. Occ JNIFORM4 -1.000 1.007
125d .223 C.300 UNIF70RM -1.000 1.001
1125L -.C?3 0.000 UNIFORM -1.40G 1.0.0
1252 -*As G5O 000 U141FORM -1.000 1.030

* -1313 -. 6w2 0.000 UNIFORM -1.G00 1.031
t ill# .L01 0.090 jNi FORM -1.000 1. CJ2
.315 C.0 3 0.000 UNICORN -1.0100 1. U000
2,4kp1 .12J C.GG0 JN.'FORM -1.000100
14L2 -. 4.8 0.00a .JKIFORM -1.000 1.0coo
1738 1.2.4.128024 20.0003302 NORMAL -3.Ci30 3 .0 0.J
L 16'. .1296747 6.0000300 NORMAL -3.000 3.033
1165 L0SO-385 0.000)DO1 NORMAL -3.0003CO
1766 -aQ2291.3 Do.00000300 NOR~MAL -3.000 S.0a00
17 67 -. 0855807 0.O003000 NORMAL -3.0c0 3.300
366 .311 L.000 UNIFORM -1.000 1. 000
361 -2.631 U.04.0 UNIFORM -1.000 1.001
362 2.864 &.DOG UNIFORM -1.070 1. COO

1 754 .386 0.G00 UNIFORM -3.000 3.000
£?53 -2.6ý? -4..900 UNIFORM -3.000 3.0ý0
1752 -2.-346 0.000 UN0VORM -3.000 3. 000
bi1 v6893696 G0503CO NOR MAL -3.00c 3.00oo
612 oUI39063 6.050)39 2 NORMAL -3.0t. a 3. C j
617 .0033561. .GO0%FO NORl4OL -3.11303.3
610 .03ý8411 .0008700 NCRMAL -3.000 3.000

TIM:=. .C32;. 0 0 SrEP SIZEr 2.E0OtO6iOE-03

!-RONT LUG '.LEARS RU1L T m4.60 E-G 2 REL VEL x 2.LIE+02 P0T.4 MOMENT -- 5 32E+( t
RANGO m3.58t2

- .. TIPOFF WATi--kULL z 4.2.5 PITCHm -!6.6 YA-1 L .6.

REAR LUG CLEAA4..RAIL T LIZ11LREL VEL 232.3ai RAIL FORCE * -35.63
RANGO a 5.9740

TXMEN lW.117Q0 Sr.EP S7.ZEji 8.35001.0E-03

BOR4IDUT TIME= 3.0011 310.

005 3LIHO RANGE SIGNAL H)LO AT rIME 26.44 RANGE * 318.38I

*f-+MAX PREAKLOC( VALUE a .35363 IN PITCN4

*.4P*AX BREAKLUCK VALUE z .27158 I4 YAWI

RUN NUMBER

MSS OISTA"UCE 4.43 72301E+00

FL11ý11T tI I E 6.i?5'.d?SEeOC

ROELX -5.1195669E-01 RUELY 2-F>.14446'4lE-J1 ROELZ = 41.3329676E+00
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C•P CrNTR)ID AT I-. 69,•,•41DISTANCE FROM TAR;ET =NTER'. 5

CEP CONrIOE.4E "IRLLE vOR L48) % U.03
POINTS X

CEP CL CLE
CIRCLE CENIRO i;" C
TGT CENTER T

93 PER CENT CNFIOENE 3IRCLE ......

xx

X . . X.

.X 9 x.X X
• ,. eX X (4

* . 4 ( XX.

.. ... .............................. K X

x ...

CEP CENTAOI0.I -. 063, 4.449) DIST. FROM TGT CENTER= 4.•59. CEPS .857
TH4E q9 PER CENT CONCLOENCE CIRCLE RADIUS IS LaL18

so



5.0 COMMENTS

5.1 Integration Synchronization With Sample Period

Numerical Integration must be synchrortized with sample period (r @ ZOH) in order to insure

accurate integration. Logic is built into the seeker subroutines to insure that integration and

sample period are synchronized. This is accomplished by:

jt= 'r/[AINT(T/,tINpU

where

- -- sample period (SEC).

6tINPUT - input integration stepsize SEC).

AINT(X) - computer center library function that integerizes

the argument (X).

£t - computer integration stepsize that the program will use.

The above function will always compute an integration stepsize that is equal to or greater than
the input stepsize. Since there is an upper bound on the stepsize that can be used to integrate
the differential equations in this simulation program, there is the possibility that a stepsize

larger than the upper bound will be computed. (Upper bound is approximately 12.5 millisec,

with the exception of the OCS seeker model S2 which has an upper bound of approximately .5

m.illisec). Therefore, one should insure that a reasonable stepsize is input and verify that a

reasonable stepsize is computed. For example, if the sample period is 16. 7 millisecs, then

a stepsize of 8. 35 millisecs or less must be input to insure that the computed stepsize is 12. 5

millisecs or less.

* A discussion of errors caused by numerical integration of sample data is given in

Reference 5.
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APPE NDIX

Monte Carlo 6-DOF Program Listing

A FORTRAN IV listing of the Monte Carlo 6-DOF Program that is operational on the

MICOM CDC 6600 computer, SCOPE 3.4 operating system, is given in the following

pages.
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