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FOREWORD

Interest has been demonstrated in the use of accelerometer data for satellite orbit and
gravity field model improvement. These programs generate accelerometer data for the purpose of

filter checkout and orbit simulations.

Mr. Phillip L. Young formulated the Gauss-Markov process for the random noise. Dr.
Bruce R. Hermann modeled the resonance responses in the Host Vehicle Vibrations Program.
The equations for the damping constants were derived by Dr. Jeffrey N. Blanton.

The work was accomplished in the Satellite Geodesy Branch of the Astronautics and
Geodesy Division.
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\ INTRODUCTION

Atmospheric drag has a significant effect on low-altitude trajectories. To measure this force, an accel-
erometer will be tested which senses this nonconservative acceleration. The information obtained will then
be used to improve the orbit and obtain a more accurate gravity field model.

When the raw data is first received, all known systematic effects will be removed. These include grav-
ity gradient and pitch-rate induced accelerations. However, the preprocessed data will still contain anomalies
of which there is little or no a priori knowledge. Satellite attitude thruster-induced vibrations are a major
source of unmodeled noise. As for the instrument itself, each axis of the accelerometer adds an undetermined
bias to the output accelerations. In addition, the conversion of the digital output to engineéring units in-
troduces a scale factor error. Other effects may take the form of additive correlated noise and white noise.

The first instrument to be flown is the miniature electrostatic accelerometer (MESA)built by Bell
Aerospace Textron under contract to the Air Force Geophysics LaboratorysThe M senses accelerations
along the vehicle pitch, roll, and yaw axes. Relying on the accuracy of the vehicle’s attitude control system,
these axes are assumed to be along the R, R X'V, and -R vectors, respectively. Hence, any attitude errors
will be reflected in the measurements. The MESA also introduces undetermined scale factor errors and

biases.

Consequently, a computer program was designed which applies a filter to the processed accelerations.
This filter should statistically remove most of the unmodeled corruptions. The filtered data is then input
to a special version of the Celest orbit determination programgn order to check out the filter and perform
special case studies prior to launch, simulated processed data had to be created. This required a series of
computer programs which will be referred to as the f‘Data Generator.>The individual programs include
“Drag Accelerations,” “Host Vehicle Vibrations,”’“Merge,”'and “Gauss-Markov.”

[en .




COMPUTER PROGRAM DESCRIPTIONS AND FORMULATIONS
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DRAG ACCELERATIONS
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Updates were inserted in the “Orbgen’ and “Atdrag” subroutines of Celest! Version 16. During
integration, the atmospheric drag accelerations are converted from the inertial frame to a perpendicular
local frame (U,. U,, Uy):

—~

L rss T
oo

i;' " T
g U, = RX(VXR)
P U, = VXR

0, = R

A 2-sec step size is used to approximate the MESA data averaging interval.

In the integration start routine, there are multiple iterations of the first 10 time lines. Any duplicate
set of time lines must be omitted. Hence, only the final set of accelerations are retained.

The output file of drag accelerations is described in the section of this report entitled “Computer

Program Utilization™ (p. 15). It can be used as input to either the Host Vehicle Vibrations Program or the
Gauss-Markov Program.

HOST VEHICLE VIBRATIONS

"3“?;"‘ weqasd - "' 'fk\‘

Run once for each of the accelerometer coordinate axes, this program simulates the response of the
MESA to the attitude thruster firings of a satellite in orbit. The attitude thrusters are assumed to be coupled.
This means that, when a pair of thrusters fire, they create a torque about the axis perpendicular to the
thruster plane. The resultant force is zero, causing purely rotational vehicle motion.

The magnitude and shape of the initial impulse can be specified, with a maximum duration of 0.5 sec.
All impulses are assumed to be positive along the respective axes. For the purposes of the simulations to be
performed, the direction of the initial impulses is inconsequential.

.

Eleven vehicle resonances may be activated by each thruster pair. A different amplitude and damping
constant is input for each frequency. Because of the resolution of the MESA, a resonance is assumed to be
totally damped once its amplitude is below 1079 g (one g is 9.80621 X 1073 km/sec?).

P The satellite is assumed to experience maximum drag acceleration at perigee, the time of closest ap-
proach to the earth. The thrusters fire most often during this period because of the high aerodynamic
torques resulting from the increased magnitude and gradient of the gravity force. The opposite is true at

. apogee, the satellite’s farthest distance from the earth. At this point, the drag acceleration and the frequency
of thrusts are assumed to be at a minimum.

Consequently, for each thruster pair, the probability of a thrust is linearly interpolated with respect
to the true drag acceleration along the velocity vector. The time and drag accelerations at apogee and peri-

gee are obtained from the Drag Accelerations Program. To vary the frequency of the attitude thrusts, the

3

B e < -

FRECEDING FAGE BLANK-NOT FILMED




.i number of seconds between thrusts at apogee and perigee is input. The execution time of the program can
o be reduced by increasing the time between probability recalculations.

To test for a thruster firing, a random number (V) from the interval |0, 1) is compared to the proba-
bility (P) derived for that time. If 0 <N <P, the thruster is assumed to have fired,

Frequency Response

Since the MESA sampling interval is approximately 2 sec, the highest frequency that can be unambig-
uously filtered from the data is 0.25 Hz (the Nyquist frequency). An electronic filter was incorporated in
the MESA to attenuate any higher frequencies. However, virtual blockage of the signal does not occur until
the 10-Hz level. Any resonances above 0.25 Hz will alias into those below 0.25 Hz as a result of the size of
the sample interval.

Simulated accelerometer data must reflect this condition. Hence, an iteration interval of 0.05 sec
(1/2f, where f=10) is used in the Host Vehicle (HV) Vibrations Program to include resonance at the higher
frequencies. Letting K be the number of 0.05-sec time lines since a given thrust, the MESA response at a
particular vehicle resonance (referenced by Q) is

£

Y

roIKTY = 4, &% (sin 20f,T) U(K)

+ 26 (cos 2af Tyr, [(K - 1) T)

a,T
e
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g = the maximum amplitude

a, = the damping constant

T = 0.05 sec

f = the resonance frequency
. ”-

an array of 10 terms which determines the size and shape of the initial thruster impulse.

The total response at KT seconds after a thruster fires is then

p Nr
rIKT) = ) r,IKT]

e=1
where N, is the number of resonance frequencies excited. For each consecutive 0.05-sec time line, the re-

sponse to the thrust is computed until it is damped below 1077 g. A different sequence of accelerations is
computed for each of the four pairs of thrusters.
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Using the method described earlier, the program checks for thrusts at specified intervals. If a thrust
is indicated, the appropriate values are added to the subsequent accelerations. The aggregate responses are
then averaged over a 2-sec period and time-tagged. A flowchart of the program logic is presented in Figure 1.

i-;m_ ‘Vf.“.gsav“;::\é-wV‘M‘: _',v ;:

START

£
¥ READ AND PRINT
. CARD INPUT
X 1
] :' DERIVE THE ROLL, PITCH, AND YAW THRUST

PROBABILITIES AT THE SPECIFIED INTERVALS
USING LINEAR INTERPOLATION OF THE
PROBABILITY vs. THE DRAG

|

. WRITE THE ROLL, PITCH, AND YAW THRUST
PROBABILITIES ON SCRATCH TAPE 4

| m

Figure 1. Host Vehicle Vibrations Flowchart
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FROM PAGE

COMPUTE THE RESPONSE AT REGONANCE 1 J
FOR THRUSTER PAIR | AFTER 0.08 8EC
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18
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DAMPED BELOW

1x109g
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EXCITED BY
THRUSTER |
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Figure 1. Host Vehicle Vibrations Flowchart (Continued)
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FROM PAGE 6

™ =- 0.08

T™ = TM + 0.08

WRITE RESP (1}
L
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J=1, JMAX

RESP (J) = RESP(J + 1)

1T TIME
TO CHECK FOR
A TH;IUST

NS OF THE THRUST
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COMUTE THE POSITION

WITHIN THE CURRENT

HAVE

READ THE PROBABILITIES
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FROM TAPE 4 CHANGED

\

NO

ves_ s

YES

t=4
?

K 2 1. KMAX

RESP (Kl = RESP K} + SUM 1), NS, K}

Figure 1. Host Vehicle Vibrations Flowchart (Continued)
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Derivation of Damping Constants

The host vehicle behaves like a damped oscillator when excited by an attitude thrust. The equation
of motion for this disturbance is

Ft)=mx +ex + kx =0
where m and ¢ are the coefficients of mass and damping, and k is the spring constant.

One solution to this equation is to let x = ¢(¢), such that x, x, and X differ only by constant multiplica-

tive factors. The general exponential form Ae9’, where A and q are constants, fills this requisite perfectly.
Substituting in F(t),

[}

F(t) = m(4e")’ + (4%") + k(A4e9)

A mg? + cq + k] =0
Since e9' never vanishes, this implies that
mg* +cq +k=0

The general solution to this quadratic equation is, of course,

< + V2 -amk

2m

q:

The real part of this root is the damping term, whereas the imaginary part is the oscillatory term.
Since our system is characterized by damped oscillatory motion, g must be a complex number of the form
-a * wi, such that a and  are real numbers. Hence,

where ¢? - 4km <0. Consequently, a = ¢/2m and w =/ 4km - cz/2m.

The solution is then

t t
x=Aleq'

92
+ A2e

A le(-aﬂ'w " o, A 2e(-a-iw M

e—aI(Aleiwt + Aze—iwt)

Requiring that %(t)) = 0 (i.e.,4, = A, = A/2) and x(t,) = x,, (i.e.,x, = A4),




L

x = et . (A/2) . (eiwt + e-iwt)

t ~iwt
~af (eiw ‘e " )
2

L]
*
0

t cos wt

= x,e®
The number (V) of cycles completed at time £ is n = wt/27 or, equivalently, ¢ = 2mn/w.

The maximum ratio uf displacement at time ¢ to the initial displacement is

4
M) | gt since lcoswtl < 1

— =€

*o

Substituting for ¢,

). 2

_{‘_9_)_ = 2mnalw o ln(
w

X

*o

Hence,
()2
n={—Jin{—
e (xo
~\akm - ¢* (x(t))
= e n

4amc/2m x,

- \/4km -c? p _.}'_o_
2nc " (x(t))

1 | akm - 2 P2 p x,
= e—— ettt et gt n ———
2n c2 X(t)
The system is said to be critically damped when v/ ¢? - 4km =0. The critical damping coefficient

(CL.) is then
C. = 4km

[4

Rewriting n,

1 |t~ (C/Cc)2 12 x,,
— nl 2

r | (lC,)? (x(r))

ekt

e SR
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¢/C, is the percentage of critical damping inherent in the system. If x(¢)isset to 1 X 1079 g (minimum
amplitude), n would be the total number of cycles required to damp out the oscillation. The damping co-
efficient a can be determined from n vsing the formula

* ) ()

In summary, the following two equations should be used to determine the respective damping

coefficients :
1 [ - (c/C‘,)z}”z (:mu)
n=—|——— n| ——
2n (c/C,) Xmin
and
a= -(_‘i.) in xmax
2m Xmin
where
X ax = the maximum amplitude of the disturbance

X in = the minimum sensed acceleration (1 X 107° g
¢/C, = the percentage of critical damping inherent in the host vehicle.

a corresponds to A, in the HV vibrations formulation.

MERGE

This program adds the thruster-induced vibrational accelerations computed for each axis to the cor-
responding true drag accelerations from Celest. If only one axis is to be affected, the input files for the
undisturbed axes are such that all the accelerations are set to zero. These files should have the correct time
tags and format, however (p. 20).

GAUSS-MARKOV RANDOM NOISE

Using a Gauss-Markov statistical process, all three components of random noise are computed simul-
taneously. The composite error vector results from a random bias and scale factor, additive correlated noise,
axis misalignment, and white noise. The magnitudes of the errors are assumed to be small and, hence, are
retained only to the first order.
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The random noise is computed at each time line. It is then added to the drag accelerations corrupted
by the thruster-induced vehicle vibrations. That is,

a() = afD) + (1) + e)(0) + e(1) + €,()

such that
a, = the output acceleration
a, = the input acceleration

= the error due to the random bias and scale factor

)
ot
|

]
i

5 = the time-dependent orientation error

Q
1]

3 the additive correlated noise

o
i

A the white noise.

The models of the individual error sources foliows.

Bias and Scale Factor

Much of the unmodeled system noise may result from an unknown bias or scale factor. Some types
of instrument error are of this form.

e, =B +Sa())

_where b and s remain constant for the duration of the run. = lls I where s,
b= b, i +bv’ +b, k.

”,1 ,J = 1,3 are input quantities.

b is randomly chosen from a Gaussian (normal) population of mean Hp, and variance ob , where up
and op_ are input constants. In the same manner, b and b, are mdependently selected on the basns of the
input values Hb . 0b, and Mp,, 052,2, respectively.

Time-Dependent Orientation Error

Since the satellite has an attitude sensing and control system, the axis orientation errors (8) are assumed
to be small angles (i.e., sin § = §).

e(t,) = W (1,)a(s,)

where a(z,,) is the input acceleration vector at time ¢,,.




The nonzero elements of X (¢, ) are assumed to be pair-wise uncorrelated for a given time ¢, .

0 M) -My(tn)
“ ] (1) = |-MLt,) 0 M. (t,)
33 i My(tn) -M () 0
b such that M K(t") are the current orientation error angles for the respective axes.
; J’ M(z,) itseif is a time-dependent vector described by
M@,) = S, W, ()

M(t,, ) = R,M(t,) + U - R2)'V2s W ()

Reflecting the length of the correlation period,

such that

! ;‘ Pm, = exp(-At/t,, k)
a At is the time between data points and Tmg is the correlation time for each axis k.

Wm(tn) is a vector of standard normal variates of mean zero and 0 = 1.

where g,,;, are the standard deviations (in radians) of the orientation angles for the individual axes.

Additive Correlated Noise

One known source of additive correlated noise is the effect of temperature variation on the instru-
ment. This type of noise is modeled as the sum of a term (l—‘Zt”)) of on-axis correlated noise and a second
term (E(t”)) of cross-axis correlated noise. Both are obtained using Gauss-Markov vector sequences: i.e.,

e(t,) = me,) + k@)

12
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Forevery t,, E;;{(fn) -y ,) ‘ (the expected value) is a diagonal matrix.
() = 5, W, ()

and

Ttyyy) = RALE,) + U = RDVES W (2,).

Pn, 0 0
R@)=|0 oy 0
0 0 pn

H

where P, = exp(-At/7y,, ). At, again, is the time between data points and 7, is the correlation time.

%, 0 0
Sn =|0 ony 0
0 0 onz

Gy, is the standard deviation of the correlated noise. Wn(t”) is & vector of standard normal variates of mean
zeroand 0 = 1.

For the second term, E *Rtn) -—Ebr (M) $= P> where Py is a nondiagonal symmetric input covariance
matrix.

Eey) = CWt))
and
Fltyey) = RECQ,) + BWL,)

where

by, 0O 0
Ro=|0 P 0
0 0 Py

Py = exp(~At/ry o) where At is the time between data points and ¢ is the correlation time for each axis.

In terms of the input matrix £,

= pl/2
CE Pi

13
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and

B = (B - RPR)

wE , of course, is a random vector like that of wn.

Additive White Noise

The uncorrelated random noise is modeled as

et,) = 5, Wt,)

where

—
0. is the standard deviation, or a priori magnitude, of the white noise for each axis. The elements of W(z,)

are random numbers from a set of standard normal variates of mean zero, and a standard deviation of one.

14
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COMPUTER PROGRAM UTILIZATION

DRAG ACCELERATIONS PROGRAM

Input/Qutput

The orbit parameters are left to the user’s discretion. Reference 1 describes the necessary input values.
However, an integration step size of 2 sec is required.

The accelerations, in the orthogonal local frame, are written on TAPES51. Table 1 shows the format
for each record.

Table 1. Drag Accelerations Output File Format

Word Description Unit Format
1 Time from Epoch sec Floating Point
2 Drag Along Uy Axis km/sec? Floating Point
3 Drag Along 172 Axis km/sec? Floating Point
4 Drag Along U 5 Axis km/sec? Floating Point

_ The times of apogee and perigee are printed out, along with the corresponding drag accelerations along
U,. This information will be needed as input to the HV Vibrations Program.

HOST VEHICLE VIBRATIONS PROGRAM

Input

A file (TAPE2) of uncorrupted drag accelerations must be input to compute the probability of
thruster firings during the orbit. This is the same file as that output by the Drag Accelerations Program

previously described.

The data cards are grouped in sections, which can be arranged in any order in the deck. All card
identifiers are left-justified, while the data words are right-justified in the field. Table 2 describes the card
format and Table 3 describes input parameters.

IS

L R

-5

¢

e




.~y o

PO

R - A U _‘_

"y s

AT —

Table 2. HV Vibrations Card Input Format

Word Format Columns
1 AlO 1-10
2 E15.9 11-25
3 E15.9 26-40
4 E159 41-55
5 E159 56-70
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Output

The output file (TAPE3) is a time history of the thruster-induced vibrational accelerations. Table 4
shows the format for each record of the file.

Table 4. HV Vibrations Output File Format

Word Description J Units [ Format
1 Time from Epoch sec Floating Point
2 Vibrational Acceleration km/sec? Floating Point

The printed output is arranged in four sections. First of all, the card input is printed out and labeled
accordingly. The derived probability for a thrust is then printed at the specified interval for each thruster
pair. The vehicle responses to each thruster are printed out at a 0.05-sec step size. Finally, the 2-sec aver-
ages of the aggregate vehicle responses over the orbit span are given. In addition, the number of thrusts per
pair is given for the previous 2-sec period.

MERGE PROGRAM

lngut

The input data card specifies the epoch of the accelerations. The format is shown in Table S.

Table 5. Merge Input Card Format

Word Description Columns Format
1 Year 1-10 F10.0
2 Day 11-20 F10.0
3 Second 21-30 F10.0

Four binary files are input to this program. The first file (TAPE4) contains the true drag in the per-
pendicular local frame. This file is the same as that output by the “Drag Accelerations” version of Celest.

The remaining three files (TAPE1, TAPE2, and TAPE3) are produced by separate runs of the HV
Vibrations Program. For each MESA axis, there is a file of thruster-induced vehicle vibrations. These files,
of course, have the same format as that output by HV vibrations.

Output

The time and corresponding corrupted accelerations (km/sec?) are printed out at each 2-sec interval.
If the corresponding times on two fifes are not equivalent, an error message is printed out and the program
is terminated. The same action is taken when an end-of-file is reached on one of the input files.

20




B e

e The output file (TAPES) contains the true drag corrupted by the host vehicle vibrations. The accel-
. . erations are in the perpendicular local frame in units of km/sec?.

The first record has three words describing the epoch (year, day, second) of the accelerations. All time
tags on the file are referenced to this epoch.

.‘f“ |

a
.

W)

Each subsequent record has the format described in Table 6. The first word is an integer specifying
the number (V) of pertinent observations in that record. Although there are always 1000 observations per
record, only N of them are valid. Each observation consists of four words: a time tag, and the x-, y-. amd
z-axis accelerations.

Table 6. Merge Output File Format

et stetmpted

Word Value Units Type
4 N - Integer
2 Time of Observation Seconds Floating Point
E 3 A, 1 km/sec? Floating Point
t 4 A, km/sec? Floating Point
+ S A. km/sec? Floating Point
_—ve Z
: 6 Time of Observation Seconds Floating Point
b 7 A, n km/sec? Floating Point
‘ t 8 A, - km/sec? Floating Point
. 9 4, km/sec? Floating Point
E
E®
3998 Time of Observation Seconds Floating Point
3999 A, 1000 km/sec? Floating Point
4000 A v km/ sec? Floating Point
4001 A’z km/sec2 Floating Point
GAUSS-MARKOV PROGRAM
e Input
’
The input file (TAPE1) is the same as that output by the Merge Program. The format was specified
earlier.
Every input card must be tabeled with the appropriate heading, left-justified in Column 1. For all
17 cards. the format is (A10, 3E20.14). They are described in Table 7.
]
4
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Table 7. Gauss-Markov Card Input

Section Card Label Columns Item Units
General INTINT 11-30 At sec
TIMELIM 11-30 Time at which sec
to terminate program
execution
e, BIASX 11-30 g
1 P 2
31-50 agx g
BIASY 11-30 Hp, g
31-50 ogy g
BIASZ 11-30 Hp, g
31-50 ogz g
SCAFAC! 11-30 S(1,1) g
31-50 $(1,2) g
51-70 5(1,3) g
SCAFAC2 11-30 S(2,1) g
31-50 S(2,2) g
51-70 $(2,3) g
SCAFAC3 11-30 S(3,1) g
31-50 S(3,2) g
51-70 $(3,3) g
?2 TAUM 11-30 Ty sec
31-50 Tm,, sec
51-70 Tm, sec
SIGMAM 11-30 Om, -
31-50 Om,, -
51-70 Om, -
e TAUETA 11-30 Tox sec
31-50 Ty sec
51-70 Tng sec
SIGMAETA 11-30 O, -
31-50 On, -
51-70 On, -

22




Table 7. Gauss-Markov Card Input (Continued)

i Section Card Label Columns Item Units
Do, 7 TAUXI 11-30 T, sec
(Continued) 31-50 Ty sec
51-70 T, sec
PXI1 11-30 P(1,1) g
31-50 P,(1,2) g
51-70 P,(1.3) g2
PXI2 11-30 P(2,1) g
31-50 P,(2,2) g
51-70 P,(2,3) g
= PXI3 11-30 P,(3,1) g2
| 31-50 P,(3.2) g
A 51-70 P,(3.3) g2
= e, SIGMAW 11-30 0w, g
31-50 0w, g
& 51-70 O, g
e
}
‘ ; Output
i
The format of the output file (TAPE2) is the same as that produced by the Merge Program. The

accelerations are written in units of km/secz. As the end product of the Data Generator, this file of data

is ready for filtering.

i

‘ Each data card is printed exactly as it was punched. In the case of an error, an appropriate message
! is given. The elements of the time-invariant input and computed matrices are then specified. (See Table 8.)

Finally, the time history of the input and output accelerations is given with the corresponding time
tags. The data is specified in units of g's for three coordinates.

23

~ TP




-
[
i
.
E

Table 8. Gauss-Markov Printed Output

Term Label Matrix Represented
e, B b
S s
e RM Rm *
SM S,
IRMSM a-RrR)V?s,
—
€3
R RETA R,
1 SETA S,
IRESE @-RHVs,
PXI P
] { CX c
BXI B,
e, SwW s,
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SAMPLE CASE: NOMINAL CORRUPTIONS

DRAG ACCELERATIONS

The first step was to compute a low-altitude inertial trajectory using a 25 X 25 gravity field. With one
iteration per time line, a tenth-order integration was effected at a 2-sec step size. The drag accelerations de-
rived for this orbit were saved for future use.

The drag model implemented was the standard Celest! version. It may be noted that there are dis-
continuities in the plots of the true drag accelerations, These anomalies mark the boundaries of the drag

segments applied.

HV VIBRATIONS

A preliminary study was made of the structure of the host vehicle and its solar arrays. Assuming a
nonrigid body, six resonance frequencies were determined to be below 10 Hz.2 These resonances were
used for the responses to the pitch thruster pair. For simplicity, this was the only pair allowed to fire.

The amplitude of the sensed acceleration for each resonance was assumed to be | ug. To obtain the
respective MESA output amplitudes, the instrument attenuation for each frequency was multiplied by this
value. The vehicle damping was 3 percent of critical. In Table 9, the actual input values are listed. The
thrust impulse itself was assumed to be instantaneous. Therefore, U(1) = 1 was the only nonzero element
of U.

The time interval between thrusts at apogee was 30 sec, while that at perigee was 10 sec. The thrust
probability was recomputed every 200 sec. To minimize aliasing, the check for a thrust was made every
1.05 sec. The same resultant vibrations were added to all three axes.

Table 9. Nominal Case Resonances

Frequency Amplitude
(Hz) (g’s) Damping Constant
0.102 097X 1076 0.306137790 X 1072
0.591 0.26 X 1076 0.177379839 X 107!
1.125 0.54 % 1077 0.337651978 X 107!
1.787 0.15% 1077 0.536341408 X 107!
2.488 0.64 X 1078 0.746736107 X 1071
3.847 0.16 X 1078 0.115461970 X 10°
25
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GAUSS-MARKOV

A bias of 0.1 ug was applied to each of the three axes. The scale factor was set to zero. For the time-
dependent orientation error, the standard deviation was 0.15° for each axis. The correlation time was one-

R &

Cda

fourth of a revolution or 1350 sec. ¢
h . No additive correlated noise was applied. However, the white noise level was 5 X 10-% g on all axes.
74

"

3

14 RESULTS

&

» As expected, the out-of-plane components of the drag were much smaller than the along-track com-
% ponent. Hence, the plots for the y and z axes were magnified to expose their finer structure. The nominal
1 : case accelerations were submitted to a Fourier filter, which successfully recovered the true drag. Plots of

: the simulated MESA data are attached (Figures 2-9).
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SUMMARY

A sample case was run simulating data with nominal corruptions. Both vibration-induced accelerations
and Gauss-Markov modeled noise were added to the drag computed in Celest. The simulated data appears
quite realistic. In fact, it closely resembles the real data received from the first orbiting three-axis
MESA. A Fourier filter removed virtually all of the ocrruptions from the true drag accelerations. The details
of the runs are described in the section of this report entitled “Sample Case: Nominal Corruptions”(p.25).

The “Data Generator™ is quite versatile in that vibration-induced accelerations and Gauss-Markov

noise can be added independently and, if desired, exclusively of one another. One can add corruptions to
any combination of axes.

In the Host Vehicle Vibrations Program, 11 inherent vehicle resonances can be designated. These
vibrational frequencies can be initiated by any one of four pairs of thrusters. The amplitude and damping
constants of the resonances are different for each thruster. In addition, an initial thrust impulse can be

superimposed on each of the excited vibrational modes. The size and duration of this impulse can be
specified.

Up to five types of first-order Gauss-Markov noise may be added to the data. The noise may take the
form cf a bias or scale-factor induced anomaly, a time-dependent orientation error, on-axis and cross-axis
additive correlated noise, or white noice, This model can therefore emulate an instrument bias on each axis,

digital-to-engineering unit conversion errors, vehicle attitude errors, temperature variation effects, and uni-
formly distributed random noise.
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FORTRAN LISTINGS

DRAG ACCELERATIONS PROGRAM

¢*luzNT Avoci
FAnNSERT IRBICNe3S

GOMMON/ALSELS/1GO0s TTL,TT24A01,A02

*INSERT URBLENSZI

160=4
PRINT 334>

So+4b FORMAT (141)

SCUMPILE ORBsteN
FlustrT ATORAu.S

VEMENSLUN AINERT (3910 5APCR?(S4L)
ReAL LTUuP{3,3)
COMMUNZAGSZLS/ZIGUs I T1,TT25A014AC02

$INSekT ATUKAG.L37

»
*
L

-«

Yuo

OnIT JuPLlcalz TiMe LINES

IF (LoVUaecdeds GV TO 963

IF (‘IoEJ.U-) o io 94uo

AF (Tletfedue)l wu TV Y93
160zLbutt

G0 TO Yud

OcRAve MAITRLX FOR CUNVERSLON FROM INZxTIAL TO LUOCAL “RAMEZ

RMASZSWURTEXK (L I* X (L) #X(2I¥X(2)¢X (3)*X(3))
VMASZWRTEAUCL) * XD (L)+KD(2)*XD(2)¢XD(3)*XD(3))
VAKX=XL3)*XU(2)=-X(2)*XD(3)

VARV =XELI®EXD(I)-X{3)¥XxI (L)
VIXRZ=A(ZI* XD (1) -Xx(1)*XI(2)

VARMAG=SUR T (VXX *VARXFVARY ® XY +VXRZ*VARL)
RXVHA o=V KIMAL

wOSOAMZ (XL LI *XD (L) X L) *XIL2) X (3) *XD(3))/ (RMAG®*VNAS)
SINIAM=RXVMAL/(RMAL*VYMAG)
GUI2AM=CI30ANM/SI N AM

LSLIAM=L/3INLAM

AINZRI(L L )=UX

AINERT (2yL)=0Y

ALINERI (Sy1)=Ul

LTOP(Ledd=XD04) *LSCOAM/VMAS=-X{L) *SUTLAM/RMAG
LT02¢Le2)=aU ()% COCGAM/ VMAS=K(2 ) *OT5AM/RMAS
LITO02€¢ae3)=K0DL3) *LSULAM/ VHAS=X (3 ) *S0TGAM/RMAG
LTOP (sl ) =VARK/VXIHAGL

LTOP (e 2)=VXRY/ZVXIMAG

LTOP(293) 2 VXRZ/VXINAL
LTOP(3s1)==1.%X (1) /RMAS
1T0P(342)0==1.%X(2) 7/RNAG
LATOP(393)==1.%K(3)/RNAS
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3331
3333

113
11

W9

SUNVEIRT INZRTIAL ACS:ZLcRATIONS TOU LOGCAL FRAME

CALL NPROD (343910 1TUPy3I9ALINZRT 435APERP43)
WRATE (510 TLoC(APERP(Lo1)oLl=1+3) o (X(I)oI=L1e3)¢4(XO(I)sl=1,y3)

DETERMINE APJGEE ANJ PERIGEE

If (Tl.vTe2e) GO TO 3333

IF (Tl.cQe2.) GO TO 33351

TT1=0. & AGC1=APcRP(is1) $ 50 T3 969

TT1é=¢. # AC2=APERP(1,1) $ GO0 IO 909

IF (AG2 LT cACLoANDAG2.LT.APSIR?(191)) PRINT 11te TT2,052
IF (AGCeul cACLoANDAC2.GTAPER? (151)) PRINT 112, TT2,1G2
TT1=TTZ 3 aCl=ACR2

TTR=T1 & AC2=APERP(1,+1)

60 TOo 3u3

FORMAT (140 95Xs*PeRIGEE ~= TIME = ®3F35.0,10X4*ACCELERATIOY
1E20.14)

FORMAT (140+5XKs*APUGEE =~ TIME = ®4Fbe0410X9 *ACCELZRATION =

1E20.1%)
CONF INJE

SCOMPILE ATDRAS

38
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HOST VEHICLE VIBRATIONS PROGRAM

10C
15

1¢
162

103

104

168

14

10e

71
107
263
1Cs

264

PROGRAM HIVIBE (INPUT,QUTRUT ,TAPEL=INFUT,TAPE2+TAFC3,TAPEL)
DIMENSION MAXS(C4) ySUM{wy4)s251)

DIMENSION AMP(4,11) oDAMP(4411) oFREQ(11) UM (410}

DIMENSION TU(23) sAC{20)+THRI(ZL) »THR2(24) » THP 20D » THY(22) 4 MR1(22)
OIMENSION MR2(22),MP(22)

CIMENSION MY(22) 4BR1(22)43R2(22) ,FP(22)+BY(22),TTEST(22)4ACC(3,1)
DIMENSION RESP(LCODT) yMAX (W)

DIMENSION PERTI(4G6) PERAG(LY) yAPOTI(13)y APOAC(1C)

REAL NOMTLBT

-

READ CARD INPUT

00 5 I=1,11

READ (1,13) CARDID,CCNSTL1,CONSTZ2,CONST3,CONST 4
FORMAT (A10+£15.99215.95£15.9,E15.9)

IFf (CARDIDNECIGHNOMTLATEST) Gu TO 130
NCMTLBT=CONST1 $ GO T0 5

IF (CARDID.NE.LOHAMFLITUUES) GO TO 131¢
DO 15 J=1,11

READ (31910) CARDID, (AWF(JIIII) 9y JJJ=1y4)
60 T0 5

IF (CARBIDNELIHDAMFING ) GO T0 132
00 16 K=1,11

READ (1y1J) CARDID, (DAMPIKKKyK) yKKK=1 g &)
6C TO 5

1F (CARDIJNELI0HPROBCALINTY 6C TO 133
PROBINT=CONST $ GC TG 5

IF (CARDIJ«NELIQHTBTFAPO ) GO T0 10«
TBTFAR1=CONSTL § T3TFAR2=CONST2 ¢ TBTFAP=CONST3
TBTFAY=CONST4 § GO 70 5

IF (CARDID NELLCHTBTFPERI ) GO TO 105
TBTPR1=CONST1 3 TABTFPR2=CONST2 § TBTFPP=CONSTZ
TBTIFPY=CONST4 § 50 T0 5

IF (CARDID.NE.L1GHPERACCELS ) 60 TG 13de
READ (1,10) CARDID,PN

NP=PN

J0 70 M=1,4NP

READ (1,10) CARDID,PERTI(M),PERAC(M}

GC 10 5

IF (CARDID.NE.10HAFCACCELS » GO TO 197
READ (1,10) CARDIO, AN

NA=AN

DO 71 M=1,NA

READ (141)) CARDID,APOTI{(M),APQAC(M)

6C Ta 5

IF (CARDID.NE.1CHFREQUENCY ) GO TO 108
DO 263 JJJ=1,11

READ (1,10) CARDID,FREQA(JIIJ)

6C TO0 5

IF (CARJID.NE.10MHUM ARRAY ) GC TO 109
00 264 JJJ=1+13

READ (1410) CAROIODy (UMCIIIvJJJ)oIII=1,44)
GO 70 5




A Ty

-'*

109

11¢

1660

¥

901
911
L3

E3L
932

964
€35

905
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367

98

909

5.5L
Te

21c
b4’

913

IF (CARDID.NE.LOWTIME LIMIT) GU TO 110
TIMELIM=CONSTY

60 Y0 5

PRINT 3, CARDID

FORMAT (1X4s*ERPOR ON DATA CARDS====~ID = %,A10)
STOP “EIRIR ON I ATA CARDS™

CCNTINLE

PRINT CARD INPUT

PRINT 200

PRINT 901, NCMTLBT )

FORMAT (5Xy*NOs. OF TIME LINE S BETHWEEN THRUSTER CHECKS = *,F5,0)
PRINT 911, ((I,FREQIUI)) . I=1,11)

FORMAT (///+5X+*FREQUENCIES®* ¢/ (/7+5%s12910X4E15.9))
PRINT 903

FORMAT (/77 45X *AMPLITUDES*,4/7)

DO 634 JJJ=144

PRINT 9024JJJy(ANP L JJJyJ) yu=1411)

FORMAT (1HO s5XsI1+3(/+5(5X,E£15.9)))

PRINT 994

FORMAT (//7 +5X4*DAMFING CONSTANTS®,/7)

DO 635 KKK=1,4

PRINT 932, KKK, {DAMP(KKK,K)yK=1,11)

PRINT 935, PROBINT

FCRMAT (/77 45X, *PROBABILITY CALCULATION INTERVAL -~ *#,F6.0)
PRINT 2045

PRINT 306

FCRMAT (/777 4+5Xy*TIHHE BZTWEZN THRUSTER FIRINGS*)
FRINT 9307, TBTFAR1,TSTFAR2,TETYFAP,TBTFAY

FORMAT (/45X *AP0GEE*y/

15X s#ROLLL = *pFB.0s1iXe®*ROLL2 = *,F0e091CXo*PITCH = *,F6.0417X,
2*YAH = *,F6.0)

PRINT 90 &y, TBYFPRL,ToTFFRETOTFPP,T3TFPY
FORMAT (/45X *PERIOGEZ*4/,

15Xs*ROLLL = *3FboeCe 1 X9e*ROLLE = *9F0.GraGXs*PITCH - *,FB. 341X,
2*YAN = *,Fb.0)

PRINT 903

FORMAT (//77+5Xs*ACCELERATIUNS AT PERIGEE®,//)
D0 35351 I=1.NP

PRINT 72, PERTI(I),PERAG(I)

FORMAT (LHOsuXo*TIME = *9F6.0910Xy*ACCELERATION = *,E15.9)
PRINT 9319

FORMAT (/77 +5X*ACCELERATIONS AT APOGEE®*,/7)
DO 5325 I=14NA

PRINT 72, APOTI(I),APCACI(I}

PRINT 200

PRINT 912

FORMAT (///7 45X, *UN ARKAY*,/)

00 640 III=1,4

PRINT 902y III, (UMCIIIsJJINeJddJ=1,10

PRINT 913, TIMELIM

FOPMAT (//7/7+SXo*TIME LIMIT = *,F6.0)

L




LB BBBBBBBIBSPIBLIBBUB 323333300000 00008303330380338335580333838038380800

L
L
'3

COMPUTEZ PROBASILITIES FCR THRUSTER FIRINGS .
»

PRINT 233
FORMAT (1H1)
TMPTEST=.05¢NOMTLBT *,05

JERIVE THUST FFUBAB ILITIES AT OFOGEE AND PEKIGEE

ROLLMX 1=TMPTEST/TBTFPKY
ROLLAX2=THAPTEST/TUTFFR?
ROLLMNL=TMPTEST/TolFARL
ROLLAN=TYP TEST/TBTFAR2
PICAMAX=THPTEST/TBTFFF
PICHAIN=TMPTESY/TETFAP
YAWAAX=TMPTESY/TLTFPRY
YAWAIN=TMPTEST/TLTFAY
K=
IF (PERTIC1)LTLAPOTI(L)) GU TO 7«2
00 73 I=1,.NA
K=Ke¢l
T(K¥=APOTI(I)
AC(K)=APJAG (I)
THR1(K)=20LLMNL
THRAUKI=RILLMNZ
TEP(K) =P ICHMIN
THY(K) =Y AAMIN
KMAX=K
K=Ke¢1
IF (1.5TNPY 6D
KMAL=K .
T(I=PZATI(D)
AC(K)=FFE=AGC(I)
TErI(K)=RILLMXL
Tha2(K)=RILLMX2
THP(K)=PICAMAX
THY(X) =YAWMAX
GC TI 743

2 00 74+ [=14NP°
K=K¢l
TUK)=PERTIC(I)
AC(K)=FZ2AC(I)
TExL(K)=JLLMXY
THE2(KI=RILLMX2
THPIL) =PICHMAX
THY(K)=YAWMAX
KMAX=K
K=Ke¢1
IF (1.GT«NA) GO
KMA (=K
T(K)=APOTI(I)
AC(K)=423AC(I)
THRI(K)I=R0OLLMNL
TFR2IKI=ROLLMN2
THP(K) =PICHMYIN

7w THY (K)=YAAMIN




»

-

74l

KMAXP1=KMAX#+1
KMAXP2=K1AX #2
KMAXHE=KMAX =1
KMAXM2=KMAX=~2

COMPUTE THUST PROIAABILITY VS OrAG ACCELcRATION FOx EACH RALF RZV

70430

7udl

IF (T(1)NEWCW) GO Tu 7:390

DO 7300 I=1,KMAXM1

J=ley
MRL(ID)=(THRL(JI~-THRL(I) )/ CACCJ) -ACI(I))
MR2(IDI={THR2( I ~THR2(II I/ (AC(J) -AC( I} )
MP(II=(THP (L) =THP (1)) /(AC(J)-AC (1)}

MY A(I)=(THY (D) =-THY(I))/7(AG(J) -AC(]))
BRICII=STHRL(JI-MRI(I)*AC(Y)

BR2(IN=THR2 (J)=-MR2(I)*AC(J)
BPUIN=THP(J)=-MP(I}*AC(J)

BY (I)=THY(J) ~MY (I) *AC(J)

MR1{KMAX)=MRL (KMAXHM2)

MR2{KMAX)=MR2 (KMAXM2)

MF (KMAX) =MP (KMAXM2)

MY (KMAX) =MY (KMAXM2)
BRIIKMAXI=THRLI(KMAX ) -MRLIKMAXD* AC (KitAX)
BR2(KAAXI=THR2(KMAX) -MR2(IKMAX) *AC (KMAX)
BP(KMAX) =THP(KMAX) -MP (KMAX)*AC (KMAX)

BY (KMAX) =THY {KMAX) -MY (KMAX ) *AC (KMAX)
MF=KMAXP1L

00 7301 I=1,KMAX

TTEST(I) =Y (1)

TTEST(KMAXPL)=999949,

G0 T0 7350

80 732¢ I=24KMAX

J=I-1

MRICDY =(THRLI (D) -THR1IC(UI ) 7(AC(I) -AC(SH))
MR2(LII=(THR2(D) =THF2(J) )/ (ACLI}=AC(J})
MF(I)=(THP LIV -THP LU /(AC(I)-AC(J))
MY(I)=ITHY LI} =THY LD /7 (ACCI) -AC (J))
MR1(1)=MRL (3)

MRZ(1)=MR2(3)

MF(1)=MP (3)

MY (1)=MY (3)

ME1 (KMAXP1)=MRL(KMAXM1)
MR2{XMAXPL ) =MR2 (KMAXM])

MP (KMAX? 1) =MP (KMAXM1)
MY(KMAXP L) MY (KMAXM1)

00 7021 I=1,KMAX
BR1(I)=THRL(I)-MRI(II*AC(I)
BRZ2(ID=THRZ(I)-MR2(I) *AC(I)
BP(I)=THP(I)~MP (1) *AC(I)
BY(I)=THYLI)-MY (I)*AC(I)

BRI(KMAXP1) =THRL(KMAX)-MRL1{KMAXP1) *AC (KMAX)
BR2(KMAXPL) =THRZ (KM AX ] =MR2(KMAXP1)*AC (KMAX)
BP (KMAXP 1) = THP(KMAX) -MP (KMAXP1) *AC(KMAX)
BY (KMAXP 1) =THYIKMAX) -MY (KMAXP1) *AC(KMAX)
MM=KMAXP2

TTEST(11=0. § TTEST(KMAXP2)=999G973,
00 7422 I=24KMAXP1
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7354

L

LR IR B

L

163
17

*

6342

*

X 6343

15¢

+*

— 343
’ 2666
675

LK B BN J

J=1-1
TIEST(I) =T (J)
PRINT 3801

801 FORMAT (13X,49H*** PRO3ABILITIES - THRUSTER FIRINGS PER SECOND *,
12H**,//7)
TLAST=-2.

DETERYINE NUMBER OF FRCEAJILITY SEGMENTS
KLIM=TIMELIM/PRIBINT+L

CCMPUTE PROBABILITY OF RCLLy PITCH, AND YAW THRUSTER FIRINGS
FOR EACH INTERVAL

0G 12 K=4,KLIM
KK=K+1
RK=K

DETERMINE THE CENTER TIME LINE CF THE INTERVAL

RCH=(PROBINT* (RK-.,51))/2,
RCK=AINT (RCH)

IF ({RCH-REKDIGTes5) GO TO 163
TIME=2.%RCK $ GO 70 17
TIME=2.*RCK+2.

CONTINUE
ISKIP={TIME~-TLAST)/2-1

IF (ISKIP.EQ.0) GO TO 63u3

SKIP TO THE APPROPRIATE TIME LINE
00 6342 J=1,I5KIP
READ (2)
IF (EQF(2)) 2546342
CGNTINVE
READ THE X-AXIS ACCELERATION
READ (2) TI+(ACC(I,1)41=1,3)
IF (EOF(2)) 254150
IF (TIMELEQ.TI) GO TO 675
PRINY AN ERROR MESSAGE IF THE TIMES DONT MATCH

PRINT 300y KyTIME,TI

FORMAT (11X, *K = *,I5,1Hy s dCGXs*TIME = *oF0e09iHs 910X *TI = *,F6.0)

STOP 2666
ACCEL=ACC(1,1)
TLAST=TIME

COMPUTEZ THE PROBABILITY OF ROLL, PITCH, AND YAW THRUSTS
FOR THE IMNTERVAL

00 47 I=1,MM

1I=Ie¢1

IF (TYESTUIV.GT.TIME.ORTIME.GTLITESTIII)) GO YO 47
PROBR1=BRL (1) #MALI)*ACCEL
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8335

7

5666

12

25
a7

Mt R i o

PROBR2=BR2 (1) +MR2(I)*ACCEL
PROBP=8BP (I ) +MP(I)* ACCEL
PROBY=BY (I) ¢+MY(I)®ACCEL

WRITE (4) PROBR1 PROBRZPROBP,PROBY
PRBR1=PROBRL/TMPTEST
PRBR2=PROBR2/THPTEST

PRBP=PROBP/ TMPTEST

PRBY=PRIBY/ TMPTEST

PRINT 809+ KoTIME,FRBR1,PRUOR2PRBP,PRBY
FORMAT (1X oI GySXGPTIME = *yFEaD9e1Hys¢5Xs®ROLLL = *,FB8.591H4 95Xy
2%ROLL2 = ®)FB8.591Hy 95Xy

2¥PITCH = *,FB84S91Hy 35X s*YAK = *,F8.5)
6C TO 12

CONTINUE

STOP

CONT INUE

60 10 ¢7

CONT INUE

REWIND 2

REWIND &

[T XTI RS2SR SNES SR RIS R YRS SZSI R RS SERASILI R IRE RS2 R 22 2 22 X 22 22 2 X X X J

*

803

21

23

51¢

45

20

PRINT 200

PRINT 803

FORMAT (15X,24H***THRUSTER RESPONSES®**¥*,///)
PI=ACOS(-1.)

DO 21 I=1,&

MAXS(I)=0

DO 23 I=1.4

DO 23 1,40

DO 23 K=1,251

SUMIIeJdeK)=0e

CCMPUTE THE MESA RESFCNSES 7O THE INOIVIODUAL THRUSTER INPULSES

DO 1111 I=1.,4

00 514 JJ=1,10100
RESP(JJ) =0.
MX0LO=0

CUMPUTE THE RESFCNSES AT EACHM RESONANCE FREQUENCY

DO 1122 J=1,11

RLMKi=0. § RLYK2=C.

D0 1133 K=1,100010

IF (KeGT.10) GO TO 45

EL1zAMP(I 2 J) PEXP (= 05*0AMF(I9J) ) *SIN(JL*PI¥FREQUJI)IITUMLII LK)
€2=2.,%EXP(~.05%0AMP (T4 JI)*COSC.1¥*PI*FREQ(J) I *RLMKL
IF (FREQ(J) .NE,5.) GO TO 2¢

£2=9.,

E3==12EXP (=« 1*DAMP (I, J)) *RLMK2

RLM=EL+E2¢E3

RLMK2=RLMK1

RLMK1=RLM

RESP(K)=RESP(K) +RLM

MX=K

ABRLM=ABS (RLM)

L

&




*
L

THE RESPONSE IS ASSUMEC TO BE TOTALLY DAMPEQ BELONW 1.X10*%~-9 GS

IF (ABKLMsLT.1.E=09) GO TO 1346
y 1133 CONTINUE
b PRINT 418, RLMK1,I,J
: w1d FORMAT (1H1,1X,*RLM ARRAY TOO SMALL-==-RLMK1 = * ,E15.9,2Xs/+1Xs
1*THRUSTER *,12,5X, *FREQUENCY *,12)
3666 STOP 3666

.} » .
5 . COMPUTE THE NUMBER OF .G5 SEC TIME LINES REJUIRED »
: . TO DA4P THE RESPONSE TO THE THRUST .
vn" L3 »
‘ 1346 MAX(II=MAXD(MX,4XOLD)
‘ MXOLO=MAXLI)
r 1122 GONTINUE
: MXW=MAX( 1)
. PRINT 859y Lo (RESPUIII),III=1,FXW)
850 FORMAT (L1H145XeI14777/y(/46(5%X,E15.9))
» »
*+ DEPENOING UPON THE POSITION OF THE THRUST NITHIN A 2 3EC INTERVAL, *
P . AVERAGE THE APPROPRIATE RESPONSES .
3 * FOR EACH SU3SZQUENT 2 SEC TIME LINE . a
. » L 3
- CO 60 IS=1,40 ]
: ABO=3. $ KKS=1
N » »
} . IS REFLECTS THE POSITION OF A THRUST IMPULSE .
H . WITHIN A TWO SECOND INTERVAL b
R » »
i D0 22 JS=1,1S
E; ADD=ADD#RESP (JS)
! IF (JS.EQaMAX(I)) GO To 52
(R 22 CCNTINUE
N SUMIEI4IS,1)=A0D
Js=1s
‘ 4i ALD=3.
) » L 3
* KKS COUNTS THE NUMBER OF TWO SECCND AVERAGES FOR THRUSTER I .
» »
JUS=) B KKS=KKS+1
» 8
‘ > JS COUNTS THE NUMBER OF RESPONSES AOOE0D FOR THRUSTER I »
» »
w6 JS=JS+1
» »
. JJS COUNTS THE NUMBER CF RESPONSES AuDED .
- . FOR THEZ CURRENT TWO SECONLC INTERVAL .
»* L ]
JJdS=JISee

ADD=ADD+RESP (JS)

IF (JS.EQ.MAX(I}) 6O TO 50

IF (JJSeNE.40) 50 TO &b
5C SUM (1,IS,KKS)=ADD

IF (JSNEJMAXIIN) GO TO &0
11 MAXSCII=MAXOI(MAXSII),KKS)
6L CONTInUE
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1111 CONTINUE

SR FF S HBF PV B S FBUB PSRRI BIP PV P LI G SEEIR LIPS P EAFAI P SIS SRR ISB ARG 2888

L

LK I

MAXSi=MAXS (1)

MAXS2=MAXS (2}

MAXS3=MAXS (3}

MAAS+=MAXS (G)
MX=MAXT(MAXSCL) 4 MAXSI2) o MAXS (I FAXST 4D
MUXSMX -1

»

GO4PUTE THE AGGREGATE THRUST-INOUCEO ACCELERATION *
FOR EACH TWO~SEC TIME LINE OF THE TRAJECTORY .
*
PRINT 240
FRINT 889

884 FORMAT (15X, J1H***yIBRATIONAL ACCELERATICNS®***,///)

NCMTL=NOMTL BY
IRCLLI=IROLL2=IPITCH=IY AW={
DC 518 II=1,MX

518 RESP(IIY=D.

RNOSET=3.
INT==1
IPT=-t
TM==-,.05
IPIFST=-2
bue INT=INTedl
Te=THM+ .05

IF (TM.€Qade) GO TO 640
IF {INT.LT.40) GO TO u756
B0t RESP(1)=RESP(1)/4L,
FRINT 8703, TMLRESP(1)
FORMAT (5X*TIME = *,Foe0yiQ X *ACCECESRATION = *¢ £15.9)
PRINT 650, IROLL1sIROLL2+IPITCH,1YAW
650 FORMAT (15X, *THRUSTER FIRINGSS RCLLL = *4I2,10%,*FO0LLE = *,124135X,

L*PITCH = *,I2410Ky* YA = %412,/)
»

87¢

*

CCNVERT AGCCELERATICNS TO UNITS OF Kt/ 3ECZ AND WRITE ON TAPEY

RESPLLIZRESPI1)*.0"330621
WRITE (3) TMyRESPIY)

00 3462 I=1,MXX

J=1¢1

3462 RESP(II=RESP(H

»>
»
»

*

RESP (MX) =],
IROLLL=IROLLZ=IPITCH=IYANRE

INT=
»
CHECK IF TIME LIMIT HAS BEEN REACHED »
N
4756 IF UTM.GT.TIMELIM) GO TO «4bb6b
IPT2IPT+}
IF (TM.EQeGat GT TO 5C0
IF (IPTJ.NENOMTL) GO TU Guo
L3

-

CHEGK FOR THRUSTER FIKING

S5ut TI2=TM/2.
TI=AINTITI2)
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. 8 & 4

333

€4

€b

67

s & 2 &

65

3u2

LR B B AN

343

w€?
“68

L6 66

NS REFLECTS THE TIME OF THE THRUST
WITH REFERENCE TO THE OVERLYINC TWO-SEC INTERVAL

NS=20e ¥ (2. -TMeTI*2.)
IPI=TM/PRIBINT+1

IF (IPI.EQALIFIFST) GO TO 333

READ («) PROBRY, PROBR2,yPROBP,PROBY
IPIFST=IPI

DETERMINE IF THE ROLL THRUSTERS HAVE FIRED.
IF SO, ACO THE AFFROFRIATE ACCELERATIONS TG THZ TOTAL
AT EACH OF THZ SUBSEQLENT Tw0-SEC TIME LINES.

RNOSET=RNISET¢2,

CALL RANSET (RNDSETH

P=RANF (DUM)

IF (P.GT.PROBR1Y) GO TO 6o
00 64 I=1,MAXS1
RESPA(I)N=RESP(II¢SUM(1,HSy ])
IRCLLLI=IROLLLI#
RNDOSET=RNISET+2.

CALL RANSET(RNDSET)

P=RANF (DUM)

IF (P.GT.2R0BR2) GO TO &5
00 67 I=1,MAXS2 )
RESP(IN=RESPUI) +SUM(24NS,I)
IROLL2=IR0cL2¢1

DETERMINE IF THE PITCH THRUSTER HAS FIRED.
IF 50y ADD THE APPROFRIATE ACCELERATIONS TO THE TOTAL
AT EACH OF THE SUBSEQUENT TWO-SEC TIME LINES.

RNDSET=RNDSET +2,

CALL RANSET (RNOSET}

P=RANF (JUM)

IF (P.GT.PROBPY GO TO 343
00 342 I=1,MAXS3
RESP(II=RESP(I)+SUM(34NS,I)
IPITCH=IPITCH*1

OETERMINE IF THE YAW THRUSTER HAS FIKED.
IF SOy ADD THE APPROFRIATE ACCELERATIONS TO THE TOTAL
AT £ACH OF THE SUBSEQUENT TWO-SEC TIME LINES.

RNUSET=RNISET*2,

CALL RANSET(RNDSET)
P=RANF (DUM)

IF (P.GT.PROBY) GO TO 468
DO 467 I=1,MAXSH
RESP(I)=FESP (L) +SUM (4 4NS, I)
IVAN=IYAWe1

IFT=-1

GC TO wub

STOP 4666

END
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MERGE PROGRAM

PROGRAM MERGE(INPUT,0UTPUY,TAPEL ,TAPE2,TAPEI,TAPEY,TAPES,
1TAPE6= INPUT)

DIMENSION ARRAY(4,1000),HV(3)

PRINT 14
1 FORMAT (1H1p10X,*TIME® q16Xy*X¥ 324X " Y*,2LX22%4//77)

DO 5 Izl,“

00 5 J=1,1032

WRITE THE HEADER CN TAPES.

READ (&y13) YR,DAY,SEC
1C FORMAT (3F13.0)

WRITE (5) Y, DAY,SEC
20 N=¢
20 N=N+1 3 IFILE=%

REAQ THE TRUE ORAG ACCELERATICNS OFF CF TAPEL.

READ (<) (ARRAY(IZN),I=1,4)
IF (EOF(4)) 70,40

READ THZI CORRESPONDING THRUSTFR=INDUCED ACCLERATIONS
ON THE X, Yy ANO Z AXES OFF OF TAPES 14 2, AND 3, RESPECTIVELY.

4u DO 60 I=1,3
IFILE=TI 3 READ (I) T(I},HV(I)
IF (EOF(I)) 70,50

S0 J=I+¢g

TEST TO INSURE THAT THE TIME TAGS MATCH,

TEST=ARRAY(1,N)=T(])
IF (TEST.GE«s0%) GO TO 110

ADO THE THRUST-INDUCED VIBRATIONS TO THE TRUE ORAG ACCELERATIONS.

€i ARRAY (JyNI=ARRAY (JyN)+ HV(I)

ONCE A FULL RECORD OF SIMULATED DATA HAS BEEN COMPUTED,
WRITE IT ON TAPE S,

IF (NeNE.1J0D) GO YO 30
WRITE (5) NyARRAY
PKRINT 80, ARRAY § GO TO 20
"9 N=N-g
IF (N,EQ.0) GO TO 90
WRITE (5) NyARRAY
PRINT €0, ((ARRAY(Iy N)sl=1yu)yJ=iyNs
8L FORMAT (10XyF6e0 ySXyE20e1%95%X9E2001495XyE20e14)
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90
106

110
120

PRINT 100, IFILE

FORMAT (1H1,10X,*EOF ENCOUNTERED ON TAPE®*,I1)

STOP = EOF INCOUNTERED™

PRINT 120, IFILE

FORMAT (1H1,5X,*TINES ON TAPE#,I1,* AND TAPE4L 00 NOT MATCH®)
STOP “CORRESPONDING TIMES UNEQUAL"™

END

49




" GAUSS-MARKOV PROGRAM

PRCGRAM GAUSMK (INPUT,OUTPUT,TAPEL=INPUT TAPEL . .TAPEZ,TAPE3)
DIMENSION A(L1744)yRPM{343)4SM(T43)4PXT(343),RETA{343)4SETA(3,3)
DIMENSION WMU341) g WETA (3o 1)yWXT(241) e W (3912 ,PM1(341),PM2(3,1)
DIFENSICN ETAOLD (3410 ,PEL(341),ETAC3,1),PE2(3y1)

REAL MM (3,1),4(3,3)

DIMENSION PPL{341)+PP2(341)4XT (3910 XI0LDE341),BXI(3,3)

REAL MMOLD(3,1),MUBX,MUBY,MUBZ

DIFENSION SQU3+3)4PR(3+3)+RPR(3y31,RNONOS(12),ACC(100C+4)

REAL ISQ(3,3),IRMSM(3,3),+IRESE(3,3)

DIFENSION RXI(393)9SHI343)+S(3,31,8(3,1)

REAL IT(3,3)9IRM(343)4IRSE(3,3)

JIMENSTON PRPRI(3+3)4CXT(3,3),ATRUI3,1),ASEN(3,1)4,E1(3+1),E2(3,1)
DIMENSION E3(3,1)4,E4(3,1)

PI=ACOS(~1.)

ZERD=0.,

BRI

T R SRR

«

WRITE THE HEADER ON TAPE 2.

L
[ ]

READ (1) YR,DAY,SEC
WRITE (2) YRyDAY,SEC

E PRINT 443
- 443 FORMAT (1H1)
‘ » L}
3 * READ THE INFUT CARDS. »
f‘ ¥ .
. DO 2¢ I=1,17
: READ(441C) (A (I, ) 9J=1,4)
3 10 FORMAT (A104E2 059 E20054E2C.5)
P PRINT 446, (A(Iy 1) yJ=1,4)
£X 446 FORMAT (/745X 4A129E20e5+E20e54E2045)
E - 20 COMNINUE
DO 33 I=1,3
N0 40 J=1,3
MUTsJI=RMII¢JI=SH(T L JI=PXI (I, J)=RETAL 4 J)=SETA(T 4 N=RXT(I,J)=0.
SW(I,J)=0.
40 CONTINUE
30 CONTINUE
. TIUe1V=11¢2,2)=11(3,3)=1,
IT0L42)=11(1430=11€2,1)=1102+3)=11¢3,1)=11(3,2)=0,
] L
. ASSIGN THE INPUT VALUES TO THE APPROPRIATE VARIABLES. »
. 2

DO 50 I=1,17

P IF (AlI41).NELL10HBTASX ) GO TO 51
MUBX=A(I,2) B VARBX=A(l1,2) $§ GO TO SO
51 IF (A(I41).NE.1GHBIASY ? GO0 T0 52
MUBY=A(I2) § VARBY=A(I,3) § GO Y0 50
52 IF (A{ls1).NE.10HBIASZ ) GO TO 53
MUEZ=A(I,2) 3 VARBZ=A(I.3) $ GO YO 50 .
53 IF (A(I,1).NE.L1JHTAUM ) GO TO S& 1

TAUMX=A(I,2) & TAUMY=A(I,3) § TAUMZ=A(I,4) § GC YO 54§
S4 IF (A(I¢1).NE«10HSIGMAM ) GO T0 55
SM(1,1)=A(I,2)%PI/180. 3 SMI2,2)=A(I,3)*P1/180.

50




. &

»*

55

56

65
66
bt

67
53¢

E
8y

SM(3+31=A(T4a)%P1/180. $ GO YO 50

IF (AtIy1).NE.L1DHINTINT } GO T0 56

DELTAT=A8(I+2) $ GO YO 590

IF (A{1,1).NE.IBHTAUETA ) GO T0 57

TAUETAX=A8CI,2) ® TAUFTAY=ALI,?) B TAUEYAZ=A(I,4) § GO YO 50

IF (A(I41).ME10ASTGETA } 60 TO 58

SETAIL,1)=811,2) § SETA(2,2)=8(T1+3) 3 SETA(33I=A(I,&) & GO Y3 50

IF (AlI41)oNE,1IHTAUXT } "0 TC 53

TAUXIX=A(I,2Y T TAUXIY=A(T,33 § TAUXIZ=A(I,4) § GO TG 59
IF (A(Ty 1) eNES 19HPXTI Yy GO TO 6C

PXI(1412=A1I,2) B GO YO SC

IF (A(T,1).NE,13HPXI2 Y 60 Y0 61
PXTIU192)=PXI(241)=011,2) § PXT(2,2¥=A(1,3) % GO YO &C

IF (ACT 1) NTLLOHPYTIZ } 60 TO €2

PXT{1431=FPXI(3,10=8(T42) $§ PXI(3,2)=PXI(2,3)=A(T,3}
PXI(3,)=81(T,4) 5 GO YC 50

IF (A(T,1)NTL13HSIGMAN ) 6D 7O 63

SWILe19=28(107) % SWHI2,2)=A(T1,2) % SW(3+3)=2(I,4) % GD 70 SO
IF (A(T,1).NELLUHSCAFACTE 1 GO TO 64

SU1,11=A0T1+2) B S(1,2)=A(1,3) 3 SC1,3¥=8(I,4} ¢ GO 7O SO
IF (ACT+1).NEL10HSCAFAC? } 6O TQ A5

SC2Zy11=4(T142) 3 S(2,2)=A11,43) 3 S(2,3)1=08(TI,4) £ GO YO 50
IF (Al141)eNELLIASCAFACS ' GO T0 66

S(T,1)1=A(1,2) SU3,23=841,43) 3 SU13,3)=A(I,) 3 GO TO SI
IF (AC(T41)ENL LIHTIMFLIM Y G0 TO 67

PRINT 44l AtI,10

FORMAT (1H145Xs*EPKOP ON DATA CARDS~-=~~10 = #,41(0)

GO TO F&b

TIYELIM=A(T,42)

COMINUE

L ]

COMPUTE THE RIAT FCR €E1l.

CALL T2M3ETI(5(,.)

CALL TAMINGIINDNOS, 3)
B(1,1)1=SGFTIVARI XY SRNONAS L) +4UBY
A(24 1Y =SURTLVARA ¥) SRNTNOS (2) #MUAY
L3, 1Y =SCRTIVARB2) *RNONOS( ) eMUaZ

*

JERIVE SNRT(I=-RM2ISM FCF E2.

MLy LI=FXP (=1 *JELTAT/TAUMX)
PMI2y2)=2EXP(~1 ., *DELTAT/TAUMY}
RM(343I=EXP(~1.*JELTAT/TAUMZ)
CdLL ‘”’RCD(J'S.J .E“,S.R",B,SQ-S)
CALL MSUOTI3,3411,434SCe2,ISQ
00 3 I=1,3

N0 95 J=1,3

IRNM(I, J)=SQRTIISAI, )

COMTINUE

COM INUE

CALL MPRCN{3+3434IRM;T,5My 3y IRMSM, 31

TERIVE RETA FOR ETA OF ESR,

RETA(L,1)1=EXP (=1 *(DELTAT/TAUETAX))
RETA(2,2¥=FEXP (<1 . * (DFLTAT/TAUETAY)Y)

51




e

'36

e

RETA(3,3)=€EXP (-1, (DELTAT/TAUETAZ))

-
L ]

DERIVE SART(I-RETA2)ISETA FOR €TA OF €3.

CALL MPROD(343,3,RETA,34RETA,3,+5Q, )
CALL MSUBT (343+I1+3+SQe341I5Q43)
70 100 I=1,3
D0 110 J=1,3
IRSE(IJ)=SART(ISQ(I,J))
110 CONTINUE
100 COITINUE
CALL MCSROD(3+13,34IRSE«3IHSETA,L3,IRESE, 3}

®
*®

DERIVE RXI FNR XI OF E3.

RXI(141)=EXPl=1, *OELTAT/VAUXIX)
AINI(292)=FXP{ =1, *DFLTAT/TAUXIY)
RXI(343)=EXP(—14 YOFLTAT/TAUXIZ)}
CALL MPROOD(34343+PXT434RXI3,PR2,43)
CALL MPRCD(343,3sRXTI4I3PR9IJ4RPR4 )
GALL MSUBT(3y34PX1+23RPRy3I,PRPRy3)

L]
»

FINO BXI AND CXI USING SQUARE RCOT ALGORITHM,

IF (PXI(1,1).NE.J.) GC TO 38
00 36 I=1,3
DO 37 J=1,3
CX Iy JV=BXI{IoS)=C

37 CONTINUE

36 CONTINUE
GO0 TO 29

34 CXI11,2)=CXIt1,3)=CXT(2,3)=0.
CXI(1,1)=SQRT(PXI(1,1))
CX1(241)=PXI(1,42)/CXT{1,1)
CXI(3,1)=PXI(1,3)/CXIt1,1)
CX1(2,2) =SORT(PXI(2,2)-CXI(2,1)%%2)
CXI(342)=(PXI(2y3)-CXT{241)°CXI(3,1))/7CXI(2,2)
CXI(3,3)=SORT(PXT(3,3)-CXI(3,112%2-CXI(3,2)%%2)
3XI01,2)=BXI11,3)=8XI(2+3V=0.
3X1({1,1)=SORT (PRPR{1,1))
BXI(2,1)=PRPR(1,2)/BXI(1,1)
BXI(3,1)=PRPR(1,3)/78XxI(1,1)
3XI(2,2Y=SORT{PRPR(2,21-3XI(2,1)%*2)
3XI(3,2)=(PRPRI(2+3V-AXT12,1)1*3XI(3,1))79X]I(2,2)
3XI (34 3)=SQRT (PRPR{3,3)-BXI(3,1)*%2-8BXI(3,20%%2)

-
L ]

PRINT THE INPUT ANO COMPUTED TINME-INVARIANT MATRICES.

39 PRINT A01, {(3(I,1),I=1,3)

901 FOFRMAT (1H1,10X, *BIAS MATRIX®*4///+10XyE20.5,10% E20e5020X,
1€20.5})

FRINT 9Q02 ‘

QG2 FORMAT (/7777777777 41CX %S MATRIX®,//) i

00 1001 I=1,3
1601 PRINT 1308, (S(TI4J)eJd=1,3)
PRINT aQ2
903 FORMAT (/777777777 410X *RM MATRIX®,7/) ‘

52
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1.07
703

ok

451

1F# 5K, GHPARRE / 1X, 5HOR8%, b)Y, ATHE BXI AND GXI MATRICES WERE SET,
14X +*TO ZERQ%,SXyGHEREEE)

w50
949

1.08
701
1.9
702
1c1y
140:

L)
¥
.

185

1111

D0 1002 I=1,3

FRINT 1000y (RM(I,J)4J=1,3)

PRINT 930b

FORMAT (/777777777 410X,%SM MATRIX®//)
70 1303 I21,3

FRINT 1C0chs (SMUIJ)ad=1,3)

PRINT QA(s

EORMATY (27777777 77+540%Xy*IRMGSMY MATRIX®, //)
DO 1u04 I=1,3

FRINT 107C, (IOM3M(T,J8,J=1,31

PRINT n0*

FOPMAT (7772777777 ,10%s*RETA MATRIX®,7/)
M 108 I=343

FRINT 1800, (RETA(T ) e J=1,3)

PRINT ag7

FORMAY (/7772277777 410X *SETA MATRIX*,//}
00 146 T=1,3

FRINT 1050, (SETA(IZJYeJ=1,3)

PRINT 7¢#

FORMAT (2772717777 +1GX4*IRESE MATRIX®4//7)
N0 1037 I[=143

SRINY 1053, (IRCSE(IVJYsd=14 D)

ERINT 703

FOPUAY (2777727777 4% 4*PX]T MATRIX®,//)
A0 704 YI=143

ERINT 1000y IPXIILI)sdedsX)

IF (PXT(31,1).NEcJu) 50 TO 45D

FRINT 4S54

FORMAT (7777722077 7)

PRINT 452

P2INT 249

FORAAT (2777777777 418%*IXT MATRIX®//)
DO 1308 I=1,2

PRINT 1GuCy (BXIUT D) 9d=21,3)

PRINT 741

FORMAT (/7777727777 410X4%CXT MATRIX%s//)
N0 1309 I=1,3

PRINTY 1032, (CXT (T, 339 3=1,43)

PRINY 732

FOIMAT (/7777727777 410%,%SH MATRIX®/7)
00 1417 I=1,3

PRINT 106C, (SHIIsd) e 321y 3)

FORMAT (/,10%¢F2345+1CX%sE20.541U%X4FR205)

READ THE INPUT NRAG ACCELERATION,

ORINT 705

FORMAT (1H1,1CX, 4IHPswss ALL AGCELERATIONS ARE IN
1%)

NOAGCEL =0

RNRSET =)

REAT (1) No(LACC (U, L) oL=8,00) ¢+ J=1N)
IF LEOF{1)) 666y 25¢(

$3

LA 24




25. DO 2090 ICNT=1,N
TI=ACC {ICNT,1)
ATRU(14+1)=ACC(ICNT,2)
ATFU(2,4,1)=ACCLICNT,3)
ATFY(3,11=ACC (ICNT 44)

» L

. COUNT THE NUMBER 1F TIME LINES. *

L L 3
NMOACEL =NOAGEL +1

F'y »

» CHFCK FOR THE TIME (IMIY. .

» L 3
TF (TI.GTSTIYELIM) GO YO 667

¥ L J

» CONVERT INPUT AGCCELERATIONS TC UNITS OF GS. e

» L 3

N0 33 T=1,3

ATRU(T, 1)1=ATRU(T,1)/(.G0980€21)
33 COMTINUE

IF (TI1.G6T.23.) GO TO 5734%

20 501 I=1,3

ASEN(I,1)=ATRUY(I,1)
€01 GOPTINUE

R0 To 52

OBTAIN THE ELEMENTS OF THE RANDOM VECTORS
FROM A GAUSSIAN SEQUENCE OF NORMAL VARIAVES.

¥ o2
. &8N

50) RNDIET=PNDNSET +43,
CALL TAMSET(RINDSET}
CALL TSMRNGIINONNS,12)
D) 25 I=1,3
WML, 11=MONOSCI)
WETA(L,1)=RNINOCS (I+3)
WXTI(Is1)=KNANDS(T*A)
W{Iy1)=RADNOS (14 3)

25 COMINUE

GCOMPUTE E1
THE FANDCY 3TAS ANC SCALE FACTOR~-INDUCEN ACCELERATICNS

® € 5
LR R BR ]

CALL MFRON(3,341+S+3+ATRU934E1,3)
CALL MADD(3,1,3030E143,E1,3)

-
L]

*
L ]

CCHPUTE MM F(R E2,.

CALL MPROD(3, 3,1 +SMa3eWN 3, MY, )
G0 10 731

733 SALL MPRCOC(3:.34,14,RMe3oMMCLD,3,PM1L, D)
CALL MPRCO(3,3 41 4IRMS¥M 3, HF,3,P¥2,3)
CALL MADN(3,1,PM1, 3,PM2,34MM, )

k 731 D0 AR I=1,3

IF INOACEL.NF.1) GO TO 730 1

AMCLOCI,y DI =MMII, 1)
88 COMINUE




fs

A et ‘

2 ¥

«

L B I I

L I

L K IR IR “ax e

® ¥

COMPUTE M FOR €2.

M(1,2)=MM(3,1)
M{1,3)==1.%H4 (2, 1)
M‘2.1,=-1.‘"“(3'1’
M(2,3)=MM(1,1)
M{3,1)=MM(2,1)
M(3,2)==1,%4v(1,1)

COMPUTE €2

THE TIME-DEPENDENT ORIENTATION ERROR

CALL MPRIN(3, 341 +My348TRU,3,E2,43)

COMPUTE £TA AND XI FOR €3,

IF (NOACFEL.NE.1) GO TO 732
CALL “PRCD(3,3,1,SETA,3,WETA,3,ETA,3)
CALL MPRCD(3,3¢1+CXIg34MXI,34¥IsD)
GO T0 733

732 CALL MPRCD(3,341,RETA,3,ETAOLN,3,PEL,
CALL MPRIDU(343+1,IRESE,JoWFTAG3I,PE2,3
CALL MADO(341,PELe34PE2,3,ETA,Z)
CALL MPRCO(34341 +RX143,XI0LD,2,PPL,3)
CALL MPRCOC(3,3,1+3XI43,0WXI3,PF243)
CALL MADD(3419PP1934PP23T,XI, )

733 00 68 I=1,3
ETAOLD (IT41¥=FTA(T,1)
XICLO(IL1)=XI(I, 1)

683 COMTINUE

COMPUTE €3
THE ADDITIVE COFRELATE

CALL MADOC(3414ETA334XI434£3,2)

COMPUTE E4
THE WHITE NCISE

CALL MPRCD(3,351 ¢SHe3gWs34EL,y3)
COMOYUTE THE RESULTANT CNRRUPTED

CALL MADD( 341 4E1434E2930ASEN43)
CALL MADC(3414E343,ASENy34ASEN,3)
CALL MADO(3+L0EL 3 9ASENI39ASFN,3)
CALL MADI(3,1,ATRU,3yASENy 3, ASEN,3)
502 PRINT 467, NOACEL, (ATRU(I,1),I=1,3)
467 FORMAT (1HO+1Xs1H*, Tl 1H®,20X,*TRUE A
1E15.5.6X*TRUE AZ = *,E15.5)
PRINT 469, TI,(ASEN(I,1),I=1,3)
468 FORMAT (1X,*TIME = ¥,F15.5.4X,*SENSED
19SENSED AY = #,E15,5,4X,*SENSED AZ =

3)
)

0 NOICSE

DRAG ACCELERATION,

X = ®,E15.5,6Xy *TRUE AY = &,

AX = ®,E15.5.4X,
.'F.iso 5’

a8

¢« e aas S x a4




L

L]

34

666
667

CONVERT THE ACCELERATIONS TO UNITS OF KM/SEC2 AND STORE.

10 34 I=1,3

ASEN(I +1)=ASEN(I,1)%(,((980621)
COMTINVE

ACCCICAT,2)=ASENT1,1)
ACCC(ICMT 4 3)=ASEN(2,1)

ACCUICANT y4)=ASEN(3,1)

J COMINUE

WRITE ONE RFECCRT OF SIMULATED DATA ON TAPE 2,

WRITE (2) Nel(ACLUJoL)al=1y4)49J=1,1000)
GO TO 1111

STOP *“EQF ON ACCELERATIONS FILE™

STOP " TIME LIMIT REACHEN™

E£ND

56
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