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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

rbias to the output accelerations. In addition, the conversion of the digital output to engineering 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). uilt by Bell
Aerospace Textron under contract to the Air Force Geophysics LaboratoryG--M senses accelerations
along the vehicle pitch, roll, and yaw axes. Relying onthe accuracy of the vehicle's attitude control system,
these axes are assumed to be along the, 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 programeln order to check out the filter and perform
special case studies prior to launch, simulated processed data hid to be created. This required a series of
computer programs whigh will be referred to as the dtData Generator."The individual programs include
"¢Drag Accelerations," 'Host Vehicle Vibrations, i-merge,"*and "Gauss-Markov."
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COMPUTER PROGRAM DESCRIPTIONS AND FORMULATIONS

DRAG ACCELERATIONS

Updates were inserted in the "Orbgen" and "Atdrag" subroutines of Celestl Version 16. During
integration, the atmospherc drag accelerations are converted from the inertial frame to a perpendicular
local frame (U1, U2, U3):

UIJ = RX(VXR)

6 2 = VXR

0 3 =-

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

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 10-9 g (one g is 9.80621 X 10-3 km/see 2 ).

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

To test for a thruster firing, a random number (N) from the interval [0, 1) is compared to the proba-
biFity(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 'R') is

r -a2 T

r, [KTJ A 2 e (sin 21rf.7) U(K)

+ 2e a r(cos 21rfj)re [(K- 1) T]

-e rII(K- 2) T

where

Ae = the maximum amplitude

ae = the damping constant

T = 0.05 sec

f2 = the resonance frequency

U = 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

Nf

r[KTI Y E rQ[KT]
Q=1

where Nf 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 10-9 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.

r/
START

. READ AND PRINT
~CARDINPUT

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

PAGE 6

Figure 1. Host Vehicle Vibrations Flowchart
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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

OF(t) =mx + n + a = 0

where m and c are the coefficients of mass and damping, and k is the spring constant.

One solution to this equation is to let x = (t), such that x, ., andi differ only by constant multiplica-
tive factors. The general exponential form Aeq t, where A and q are constants, fills this requisite perfectly.
Substituting in F(t),

F(t) = m(Ael), ' + c(Aeq7 )' + k(Ae q ")

= Aeqt[mq 2 + cq + k] = 0

Since eqt never vanishes, this implies that

mq 2 + cq + k = 0

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

-C ± -,'c 2 -4mk
q= 

2m

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, q must be a complex number of the form
-a ± wi, such that a and w are real numbers. Hence,

Al

q = -a + i~ = c~- -k
q 2m

where c 2 - 4km < 0. Consequently, a = c/2m and w = v' - /2m.

The solution is then

x = A eq lr + A2eq2t

= Ae(-Of~i'i)t + A~e( o, iW)t

= Aat(aewt + A2 e )

Requiring that i(t0o) = 0 (i.e.,A = A 2 
= A12) and x(to) =xo (i.e., xo

= A),

8
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x C u- t (A/2) (e"wt + e-iwt)

eiw- oee-t •

= Xoeat Cos Wi

The number (A) of cycles completed at time t is n = wtf21r or, equivalently, t = 2rn/w.

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

:!IQ - e. since Icos ot I I
Xo

Substituting for t,

X(t) -21rna/w or In - -21mct

Hence,

v 4km- C2 Xt

4irmc/2m 0

j4km - c2 X0

21rc \x(t)

I [km- 2 11/2 1,x0
- _____In . I

21r L C j X(t)J

The system is said to be critically damped when Nc 2 - 4km= 0. The critical damping coefficient
(Cc) is then

C, = 4km

Rewriting n,

n -( / 2 In
2rr (C/cO 2 t
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c/Ce is the percentage of critical damping inherent in the system. If x(t) is set to I X 10- 9 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 using the formula

'W= ( A

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

I (cCc)2 1 In xmax

and

a - -( iIn x m iin )

where

Xmax = the maximum amplitude of the disturbance

Xmin = the minimum sensed acceleration (I X 10- 9 g)

c/Cc = the percentage of critical damping inherent in the host vehicle.

oa 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,

• aaxis misalignment, and white noise. The magnitudes of the errors are assumed to be small and, hence, are
retained only to the first order.

10
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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,

as(t) = alt) + elQ ) + e2(t) + e 3(t) + e4 (t)

such that

a = the output acceleration

a, = the input acceleration

e, = the error due to the random bias and scale factor

e2 = the time-dependent orientation error

e3 = the additive correlated noise

e4 = the white noise.

. The models of the individual error sources follows.

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 + s '(t

where b and s remain constant for the duration of the run. S= Is. I where si; i,j 1,3 are input quantities.
b= bxi + b fj+bk.

2
bx is randomly chosen from a Gaussian (normal) population of meanubx and variance Ob, where Ibx

and Ob, are input constants. In the same manner, b and b are independently selected on the basis of the
2 2 z

input values /by , Oby and ibz, ab z, respectively.

Time-Dependent Orientation Error

Since the satellite has an attitude sensing and control system, the axis orientation errors (1) are assumed
to be small angles (i.e., sin 0 )

where A(t.) is the input acceleration vector at time tn.

11



The nonzero elements of V (t) are assumed to be pair-wise uncorrelated for a given time tn.

0 Mz(tn) -My(t.)

V (tn) = -Mz(t 0 tn )

LMPt) -M(t) 0

such thatMK(tn) are the current orientation error angles for the respective axes.

M(tn) itself is a time-dependent vector described by

M(t) = SmWm(t 1)

and

M(tnl) = RmM(tn) + (I - R,)l 2 SmWm(tn)

Reflecting the length of the correlation period,

FM 0 01

fRm = 0 P

such that

Pmk = exp(-AtITm,)

At is the time between data points and ri is the correlation time for each axis k.

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

10S.
0  my 0rn

where a'nk 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 (_'t)) of on-axis correlated noise and a second
term ((Q)) of cross-axis correlated noise. Both are obtained using Gauss-Markov vector sequences: i.e.,

e3(t) = ;Wt,) + -(t)

12



For every ,, E ). (t) I (the expected value) is a diagonal matrix.

(t1) = V(t
In

and

,(n+i) = R4 (t,) + (I - R2)112 S ' (t

FP?~X 0 01

R n(t') 0 07Y 0

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

on 0 0

0 a 0

a nk is the standard deviation of the correlated noise. WF(tn ) is avector of standard normal variates of mean

zero and a I.

For the second term, Et1'(tn ) 'T(tn) Pt where pt is a nondiagonal symmetric input covariance

matrix.

Mt)= Ctw(tI)

and

=~nj R Mtn) + BtWt(t,,)

where

0 0

R= 0 Pt 1

0 0 P t

Ptk = exp(-At/ltk) where At is the time between data points and rtk is the correlation time for each axis.

In terms of the input matrix P,

C 
=  p12

13



and

Bt (Pt RtPtRt)" 2

C , of course, is a random vector like that of W,.

Additive White Noise

The uncorrelated random noise is modeled as

e4( S~w(:M

where

SW. 0 o

a,. k is the standard deviation, or a priori magnitude, of the white noise for each axis. The elements of Mtn)
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/Output

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 TAPE5 I. Table I 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 Ui Axis km/sec2  Floating Point

3 Drag Along &2 Axis km/sec 2  Floating Point

4 Drag Along ( 3 Axis km/sec2  Floating Point

The times of apogee and perigee are printed out, along with the corresponding drag accelerations along
U1. 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.

15



Table 2. HVVibrationsCard Input Format

:iWord Format Columns

1 AlO 1-10

2 E15.9 11-25

3 1315.9 26-40

4E15.9 41-55

K5 E15.9 56-70

161
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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 Units Format

I Time from Epoch sec Floating Point

2 Vibrational Acceleration km/sec 2  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

Input

The input data card specifies the epoch of the accelerations. The format is shown in Table 5.

Table 5. Merge Input Card Format

Word Description Columns Format

I Year 1-10 F10.0

2 Day 11-20 FI0.0

3 Second 21-30 F10.0

Four binary files are input to this program. rhe 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 (TAPEI, 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.

outpu

The time and corresponding corrupted accelerations (km/sec2 ) are printed out at each 2-sec interval.
If the corresponding times on two files 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



The output file (TAPE5) contains the true drag corrupted by the host vehicle vibrations. The accel-
erations are in the perpendicular local frame in units of km/sec 2.

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

Each subsequent record has the format described in Table 6. The first word is an integer specifyingI the number (N) 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

Word Value Units Type

N Integer

2 Time of Observation Seconds Floating Point
Axkm/sec 2  Floating Point

4 A, km/sec2  Floating Point
5 A.' km/sec 2  Floating Point

6 Time of Observation Seconds Floating Point
7 A x  1 km/sec 2  Floating Point
8 A km/sec2  Floating Point
8 A' J km/sec 2  Floating Point

3998 Time of Observation Seconds Floating Point
3999 A, km/sec 2  Floating Point
4000 A 1 km/sec2  Floating Point
4001 A J km/sec 2  Floating Point

GAUSS-MARKOV PROGRAM

Input

The input file (TAPE I) is the same as that output by the Merge Program. The format was specified
earlier.

Every input card must be labeled with the appropriate heading. left-justified in Column I. For all
17 cards, the format is (A 10, 3E20.14). They are described in Table 7.

21



Table 7. Gauss-Markov Card Input

Section Card Label Columns Item Units

General INTINT 11-30 A~t sec

TIMELIM 11-30 Time at which sec
to terminate program
execution

elBIASX 11-30 1
31-50 g

LBIASY 11-30 gf
3 1-50 9

BIASZ 11-30 93g
31-50 g

SCAFACI 11-30 5(1,1) g
31-5O S(1,2) g
51-70 5(1,3) g

SCAFAC2 11-30 5(2,1) g
3 1-50 S(2,2) g
51-70 S(2,3) g

*1SCAFAC3 11-30 S(3,1) g
3 1-50 S(3,2) g
51-70 S(3,3) g

e2  TAUM 11-30 TMX sec
31-50 7M sec
51470 Trm: sec

SIGMAM 11-30 am,
31-50 M
51-70 0rm,

e3  TAUETA 11-30 Tsec
31I-50 ryly sec
51-70 r1zsec

SIGMAETA 11-30 OI
31-50 07
51-70 n
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Table 7. Gauss-Markov Card Input (Continued)

Section Card Label Columns Item Units

4 . T 3  TAUXI 11-30 tx sec
(Continued) 31-50 Ty sec

51-70 Ttz sec

PXI 1 11-30 P .(l, 1) g2

31-50 P (1,2) g2

51-70 Pg(,3)

PXI2 11-30 P (2,1) g2

31-50 Pt(2,2) g2
t 251-70 Pt(2,3) g

PX13 11-30 P (3,1) g 2
31-50 Pt(3,2) g2
51-70 P t(3,3) 2

SIGMAW 11-30 g
31-50 Og
51-70 Og

Output

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/sec 2 . As the end product of the Data Generator, this file of data
is ready for filtering.

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.
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Table 8. Gauss-Markoy Printed Output

Term Label Matrix Represented

eB b
4S S

e2RM Rm
SM S.
IRMSM (I-R%)1/ 2 sm

[RETA R7
ti SETA -S 1 2 S

( LBXI

e ~ Sw
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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 Celestl 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.

,t

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 Hz2 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 I pig. 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(I) = I 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 0.97 X 10-6 0.306137790X 102

0.591 0.26 X 10-6 0.177379839 X 10-'

1.125 0.54 X 10-7  0.337651978 X 10-1

1.787 0.15 X 10-7  0.536341408 X 10-1

2.488 0.64X l0-8  0.746736107 X 10-1

3.847 0.16 X 10-8 0.115461970 X 10P
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GAUSS-MARKOV

A bias of 0.1 jg 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. 15O for each axis. The correlation time was one-
fourth of a revolution or 1350 sec.

No additive correlated noise was applied. However, the white noise level was 5 X I 0 9 g on all axes.

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
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, I I 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 of a bias or scale-factor induced anomaly, a time-dependent orientation error, on-axis and cross-axis
additive correlated noise, or white n p 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.

35



FORTRAN LISTINGS

4 DRAG ACCELERATIONS PROGRAM

I GO

444.b FOIUIAJ till)

WLSLT FiiNL4. ,1,IJaCSL

OhF JUPL~carc. rfNE LI '3

IF (LUL~j J TJ ii
IF (TI.L.eu.) 4u 10 90o'

Liu to 401

U iII:Z ILFU UVRONRM I::j;:+ z1( IAL TO LUGAL :it.144i

VAjz Af 40t1)) ( I) *(U() flx.DtZ)*)(() 'O(S SI)

WXKM4uLz-i4ir 1'vxAR*VA~1d Y*dX4*xLA L)

;UiAN= (X( 1) *LdI1) 4-1 XJ (2) + ()AJ ( J)/ (RAGVIA;)
S it4A=X%1/(IUiKA~vVA6)

(;Uf4,S :VA(;iAmLfIXNtA6,

6"O M= I- 1.# ie) RN
AINU-P~(, )= k'KIS IXA

AINL41 ZqL137



;U4E2Rf LN4AL AG; Lk4r[L3NS TO LOCAL FRANE

CAL6 Hi4l~ (J39,1hiLrUP,3,A1NJt(r ,3,AP .P,3i

-* OETERJ4[NE 4PJ6EE ANU PERIGEE

If tTI.kxT*. GO TO 335s
IF (ItQaGO TO S.SS1
tT10Q. 6 AC2=APr_.RP~lsLI iO TO90

3332, TTZ=Z. S AC2=APEitP ill) U 0 [0 Tgg
3333 IF (A .*L[.ACI.AN0.ACZ.LT*.Pz-R'(liI PRINT ILL, TT2,aw2

IF (4U.41 oACL.AND*AGZ*GToP~i.R'(li,)) PRINT 112, rr2.1C2
TTlzTTd S ACL=AG2
TTZT1 6 Aa2z APE RP4I1
Go ro 10

Ill. FORIAT (I1I95,PKL(vE -- TIME *q'F$.QvlX*ACCELEAiIY11
IE20.L'.I

l&d FORPIA (1tO,95X9*APUGEE TIM[[E *,F6*Q,1OK9*ACCELE'.-kT1N

9U9 CL84LNJt
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HOST VEHICLE VIBRATIONS PROGRAM

PROGiRAM HiVIBE ( INPUT OUTPUTTAPEJ:INFUTqTAPE2*TAFE3vTAPE4)
DIMENSION MAXS(4,SUM(4,43,251)
DIMENSION AMP(4,11),oA P(4,111,FREQ(11)UM(4.,1L)
DIN1ENSION T420,AC(2Z)tTHRI(2t),THR2(2 ,THP(ChT9HY(2)MR(221
DIMENSION MRZ(22),MP(22) 221P(2tY2)TET2)AC31
DIMENSION MY(221 96P1(221,93 2,P(2,Y22mTS(2)AC31
DIMENSION RESP(iCOO. ) ,MAX0.d
DIMENSION PERTI(IG) PE, A(.) APOTI()), APOAC(101
REAL NOMTLbT

4 READ CAkO INPUT

00 5 I=1,li
READ (1, 10) CARDIb, CN~ST1,CO ST2,CONST3,CONST4

1 FORMAT L69 E15. 9,:-Ii.9,EI5.9,EIS.9)
IF (CAROIO*NE~l0NO41TL..aTFST) Gu TO 130
N~CMTLBT=CONST1 S GO TO 5

10C IF fCARI3.NE.l0HAMFLITUuES) GO TO 131
00 15 J=1,11

15 READ ('4,101 CARID,(MP(JJJJtJJJJ1q,)
GO TO 5

-101 IF (CAkOI0.NE.i3HOAlVFING IGO TO 102
00 16 K=19,11

IE READ (1,i1 CAR0ID, (OAiP(KK~vK)vKKK~iJ4I

6C TO 5
11 2 IF (CARDIJ).NE.1OHPQO3CALI4T) GC TO 133

PROBINT=CONSTI $ GC TO
103 IF (CARO 1) NE. 1CHTt3TFAPO )GO TO 13 4

*T3TFARl=CONSTl S T3TFAR2=CONST2 S TOTFAP=CO14ST3
TaTFAY=CONST. k GO TO 5

'A104 IF (CAROIO*NE.i0HTBTFPERI I GO TO 165
T8TPRi=CON1STl S T BTFPR2=CON.ST2 S TtDTFPP=CONST3
TOTFPY=CON4ST4 S ;o TO 5

165 IF (CAROID.NE*LGHPERACCELS ) GO TO 106
READ (1,10.1 CAROI09PN
NP=PN
JO 70 MziNP

7L READ (1,10) CARDIDPERTI(MhvPERAC(MI
Go TO 5

ilab IF (CAROID.NE.1OHAPOACCELS ) GO TO 107
READ (1,103 CARD10,AN
NA=AN
DO 71 Mt11NA

71 READ (1,121 CARDID,APOTI(M),APOAC(M)
4C TO. 5

10? IF (CAROID.NE.iCHFREQUENCY ) GO TO 1.08
0O 263 JJJ=1,11

2 63 READ (1913) CARD ID, FREQ (JJJ)

lCj IF (CAR)I).NE.lOHUm ARRAY ) GC TO 109
00 264 JJJ=1Ii

264 READ (1,13 CAROIO,(UM(IIIJJJ)v1111,v43
GO TO 5
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109 IF (CARDIO.NE.10MTIME LIiFIT) GU~ TO 110
TIMEL11M3CONST i
GO TO 5

110 PRINT 3, CARDID
3 FORMNAT (1E,*ERQ0R ON DATA CARDS--ID a*vAla)

166b STOP *6SRRDR ON 3ATA CARDS"
5 CCNTINLE

PRINT CARO INPUT

PRINT 200
PRINT 901, NCMTLBT

931 FORMAT (5X,4*N0. OF TIME LINE! bETWEEN THRUSTER CHECKS -*9F5.01

PRINT 911, ((IFREQ(IJ)vI11,1i)I
911 FORMAT (///,5X,'FREQUENCIES,9/,I/,SX,12,1CXE15.9))

PRINT 903
9C3 FORMAT (//,5Xq*AMPLITuDES4,fl)

0O 634 JJJ~i94
F-34 PRINT 902,JJJ9IAMP(JJJ,~lJI1,1
ga90 FORMAT ii~a,sx,ri13c/q5(5x,El5.9)33

PRINT 994
A-90'4 FORMAT (#Y,5XDAMFNG CONSTANTS*//)

DO 635 KK(194
635 PRINT 9329 KKK,(DAMP(KKKtKaK=Iv11)

PFINT 9359 PROt3INT
905 FCRMAT f//5Xv'PRO@A8ILITY CALCULATI0b INTERVAL - ,F6*01

PRINT 2010
* PRINT 4a6

9ub FCRMAT (///v5X9,TiiE a .TwEEN THRUSTER FIRINGS*)
FRINT 907, 'T8TFAR1,T3TFAR2,TEtFAPTBTFAY

907 FORMAT (/#5Xv4A3OGEEr4,/,
15XtROLL1 - 4qF6.09,1 X9'ROLL2 9 6,F. 091GX9*ITCH - *tF6.0,if'Xq
2*YA - ,sFb.O

PRINT 903 29 TBTFPPR1, TtTFPR2,TBTFPP,TaTFPY
YJ.d FORMAT (/95X9 4 PERItpE:-4*/9

15X**ROLLI -
4
9F6.091X,

4 ROLLZ - *,Fb.O*IGXs 4 PITCHf - *tF6o ,1'2X9
2*YAW - *,Fb.Cl

PRINT 904
909 FORMAT 1//5XqACCELEiATIUNS AT PERIGEE**//)

DJO 535: 1=1,NP
5,o5C, PRINT 72, PERTI(Ih9PERAC(II

7Z FORMIAT (lHG,4X,'TIME = *F6.0910Xip*ACCELERATIOh = ,E15.91
PRINT 9110

91r FORM1AT (///95X,'AlCCELERAT IONS AT APOGEE*9hh3
LiD 5JZ5 I1,NA

5..25 PRINT 72, APOTI(IIAPCAC(I)
PRINT 201
PRINT 912

91i FORMAT (///95X,-UM ARr-AY*,/)
00 64.0 III=1,'.

6'.' PRINT 902, 111, (UM(II9JJJIJJJ=19131
PRINT 913, TIMELIM

913 FOPMAT (///,5X**TrME LIMIT - *F6*01
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COMPUTE PPOBAaILITI (S FCR THRUSTER FIRINGS

PRINT 23

TMPTEST=.05*NOMiTLeT*.05

4 JE7RIV THRUST FfUjBABILITIES Ar APOGEE AND PEkIGEE

ROLL14Xi=T'1,PT-ST/T8TF0R.
ROLL 1X2=TlPTEST/TtbTFPR~7
ROLLHMdI= TIP TEST/ ToU TPA i.,
ROLL N2=T'ITEST/T BT FAR2
PICr(A xTP TEST/TdrF-:F
PIC IIN=TMIPTEST/T6T!FAP
VAw1lAX=TllPT EST/T.TF PY
YAI~1 N4MPTEST/Ti1TF AY

IF (PB.qTI(lI.LT.AP0Tl(1Ii Go TO 74.2
JU 73 I=1,NA

T(K)=APTI1.

AC (KI=APOJAC (I
ThRi (K)= ROLLMNI
TlD-2(K)=:?LLMN2

THY(K)=YA4.'1IN

Ii IF (I.ST.*4P) GO TO 7.53

Th2(K(JLLMX2
T MPC(KI =P IC riM A X

75; THY('(I=YAWMAX
GC TJ 7.3

74.2 00 74 ;=19NO

THP(<) =PICH!4AX
TO-Y(K) =YAPIMAX
KM AX= K
K=K.~1
IF (i.Gr.4A) GO TO 7-t3

TK IAPOTI(

AC(KI 4PJAC(CI)
THkl1(K)=ROLLMNl
r)-Rz(K )zOLLMN2
THP( K) =PICH9IN

74. ThV(<l=YAWMIN
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K1,AXP2=K'lA X +2

KrA 4II=,4AX-

COMIPUTE TMiUST PRO ABILITY VS OrmAG ACCELr-ATION FOw EAEth hALF REV

IF (T(l).NE.C.) GO To 7*.!G

J=1,1

MR2CIV=(TNR2(J)-THR2(I)3/(AC(J)-4(D)l
kPII)(THP(J)-THP(I))/(AC(J)-AC(I))
MYII)=(THYIJ)-THY(I)l/(AC(J)-AC(I))
BR±CIl=THRilJ1-MRi1 I) *AC(J)

7u 8PY(Il=TitY(JI-MY(I) 'AC(Jl

MRII(MAX)=MRl.(KMAXH2I
t1R2(i(NAX)=MR2(KMAXM2)
MF (KtIAX? =14P (KMAXM2)
MY (KIAXI =MY (KMAXM2)
BRiC(MAX)=TI4Ri(KMAX )-M-7i(KMAX)AC (K4AX)
3R2(KtAX)=TH,2((AX)-i<2(KMAX)*AC(KIAXI
8P(Ki4AXI =TNP(KMAX) -MP(KMAX)*ACIKMAX)
BY (KIA)THY (KMAX) -MY (MAX) AC (KMAX)

It Pf=KMrAXPi
00 7J02. 1=1KMAX1$7!a2. TTEST(I)=T(I)
TTEST(KIAXPi) =999999.
GO TO 7350

7 k' L DO 702u. I=29KMAX
J= I-i

MR2 (I) (THR2 (1) -TH 2(J)I/ (AC (I)-AC( A I
MPFQ )= (T HP(I)-THP (J) ) /(AC( I) -AC ( A)

7u2L MYUI)=ITHY(I)-THYJ)I/(ACII -AC(JPI

MR2(11=MR2(3)
MF(I) =MP(3)
my(l)VMY (3)
M~l(KMAXP )=MRi( KMAXMI)
MR2LKriAXP1)HR2 (i(MAXmI)
MP (,(AXI11MP (K?4AXM 1)
MY (IMAXPII =MY (IMAXMiI
00 7021 I=19KMAK

BR2(I)=THR2(1)-MR2( I) *AC(I)
SP(I)=THP(I) -MP(13*AC(I)

7J21 SY(Il=THY(I )-MY (I)*AC(I)
BRi(KMAXPiI TtIi(KtAX-MRI(KMAXP1I*AG(KMAX)
BR2(KAPi)THR(KXI-.,R2(Kt AXPPAC((MAXI
dP(KMAXPI)=ThP((NAX)-MP'(tMAXPII*AC(<MAX)
BY(KlAXP1I)T-Y(KMAX)P-MY (,MAXPI)*AC(KMAXI

M=MAX P2
TTEST(11=0. S TTEST ('MAXP2) =999994.
00 7Ta22 I=2,KMAXPI
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7 Z TTESfCIl=r(Jl
7T)SL PRINT 801

4 801I FORMAT (13X949H**4 PR03ABILITIES -THRUSTER FIRINGS PER SECOND *

TL AST= -2.

4 OETER1?IN$: NUMBER OF FRCeAt3ZLl7Y SEGMENTS

KLIM=TIMELIM/PROSINT1l

* CCMPUTE PROBABILITY OF ROLL# PITCH, AND YAW THRUSTER FIRINGS
4 FOR EACH INTERVAL4

00 1? KzioKLIM
KK=K+1
R K=K

4F DETERMINE THE CENTER TIME LINE CF THE INTERVAL

RCW-(PROE)INT* £RK-.5I) /2.
RCK-AINT (RCH I
IF ((RCH-RCK).GT*.5) GO TO 163
TItiE=Z.*RCK S GO TO 17

163 TIME=2.*RGK2.
17 CONTINUE

ISKIP=(TI4E-TLAST) /2-1
IF (ISKIP.EQ.01 GO TO 634.3

k SKIP TO THE APPROPRIATE TIME LINE

:1 1J0 634.2 J=19ISKIP
READ (2)
IF (EOF(2)) 25*6342

6342 CONTINUE

* READ THE X-AXIS ACCELERATION

6343 READ (2) rI*(ACC(I,1.I=1,3)
IF (EOF(21) 25,150

150 IF (TIME*EQ.T13 GO TO 675

4 PRINT AN ERROR MESSAGE IF THE TIMES DONT MATCH

PRINT 300, KTIMETI
340O FORMAT fiXt*K =*,15,IHIlGXl4 TIPE = ,F6*0siH,,IOX9*TI = F6*0
2666 STOP 2666
67?5 ACCEL=ACC(1,1)

TLASt=TIME

*COMPUTE THE PROBABILITY OF ROLL, PITCH, AND YAW THRUSTS
4 FOR THE IN~TERVAL4

00 47 I&,NMM
11=1*i
IF (TTEST(I).GT.TIME.OR.TIME.G7.ITEST III)) GO TO 47
PRO8Ri=8RI (II *N(I3 4ACCEL
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PROBR2=SR2 (I) NR2 (I )*ACCEL
PROBP=BP (I) +MP( I )ACCEL
PROSY=BV (I )+Y(I I) *A CCEL
WRITE (4.1 PROBRiPRO8R2#PROBP9PROBY

4 PR8RI=PROBRi/THP TEST
PRBRZ=PROSR2/TNPTES 7
PRSP=PROSP/ TMPTEST
PRBY=PR38Y/ TMPTEST
PRINT 800, KvTINEvFR8R19PRd3RZ9PR8P,PRBV

5 FORMAT (IX1X,9.5X,*TIME = *qFE.0,1H,,5Xp*ROLL1 = ,FSq1Hvq5X9
24ROLL2 = ,FO.59IH,95X9
24PITCH c 4 F6.5q,1Hq5X9*VAW =*tF8.51
GO TO 12

4.7 CONTINUE
5666 STOP

12 CONTINUE
GO TO Z7

25 CONTINUE
27 REWIND 2

REWIND 4

PRINT 200
PRINT 803

803 FORM1AT (t5)X24H***THRUSTER RESPONSES**',/I//
PI=ACOS(-i.)
DO 21 1=1,'4

21 MAXS(I)=O
DO 23 1=1,4
00 23 J--1#40

23 MUT THE MESA- RESFCNSES TO THE INDIVIDUAL THRUSTER INPULSES

DO till1=1#
00 514' JJ=1vIMOO

514. RESP(JJI=O.
NXOLOOG

* COMPPUTE THE RESFCNSES AT EACH RESONANCE FREQUENCY

DO 1122 J=1,1i
iRLMKL=C. S RLIKZ= C.
DO 1133 K=ivi100
IF (K.GT.101 GO TO 4.5
E1=AMP(1,J$*EXP(-05OAMF(I,JJ#SIN(..PI*FREQ(J))-U(I,K)

4.5 E2=2.*EXP(-.CO5OA4P (rilJ$*COS(* 1PIFREa(Jl *#RLqec±
IF (FREIQ(J1,NE.5.3 GO TO 20
E2=03.

20 E32-1.'EXP(-.1'DAMIW(IJl)RLMK2
RLMiEI+E2.E3
RLMK2=RLMK 1
RLMKI=RLM
RESP(K3=RESP(K) +RLM
MX =(
ABRLM= ABS (tLM)
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STHE RESPONSE IS ASSUMEC TO BE TOTALLY DAMPED BELOW 1,X10 *-9 GS

IF (ABkLM.LTolE-09) GO TO 1346
1133 CONTINUE

PRINT 41.8 RLMKitI,J
410 FORMAT (1HlviX,*RLM ARRAY TOO S.MALL----RLNKI : EJ5.9g2Xq/qiXq

I*THRUSTER ,IZ, 5X9*FREQUENCY *,IZ)
3666 STOP 3666

4 COMPUTE THE NUMOER OF .C5 SEC TIME LINES REUIkEO
TO OAM1P THE RESPONSE TO THE THRUST

1346 NAX I)=MAX3(MX'IXOL0)
MXOLO=MAXII)

1122 CONTINUE
MX WMA Xf I)
PRINT 851, I,(RESP(III),III=1,PXW)

850 FORMAT (i1I,5XIi,///, (/,6(5X,E15.9)))

OEPENOING UPON THE POSITION OF THE THRUST WITHIN A 2 SEC INTERVAL,
1" * AVERAGE THE APPROPRIATE RESPONSES
46 FOR EACH SUBSEQUENT 2 SEC TIME LINE

CO 61 IS=1,40
ADO= . S KKS=I

It IS REFLECTS THE POSITION OF A THRUST IMPULSE
* WITHIN A TWO SECOND INTERVAL 4

00 22 JS=I,IS
AD=ADRESP (JS)

IF (JS.EQ. MAX(I)I GO TJ 50
22 CCNTINUE

SUM( It 13#1) =ADD
JS:IS

4 L4C~J

KKS COUNTS THE 14UNBER OF TWO SECCN0 AVERAGES FOR THRUSTER I

JJS:3 5 KKS=KKS'l
4 4,

* JS COUNTS THE NUM8ER OF RESPONSES AGOED FOR THRUSTER I

'.6 JS=JS+l

4 JJS COUNTS THE NU1N0Eg CF RESPONSES AuDED
FOR THE CUPPENT TWO SECONC INTERVAL

JJS=JJS4 1
ADD=AOD+RESP (JS)
IF (JS.EleMAX(I)) iO TO 50
IF fJJS.?4E.40) U TO 4b

5E SUM (I,IS,KKSI=AOD
IF (JS.NE,NAX(I)) GO TO 40

11 MAXS(Il=MAXl (MAXSlI) ,KKS)
6. CONTImUE
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111 CCNTINUE
MAXSI=MAXS (1)
tiAXSZ=MAXS 42)
m AXS3=riAXS ( 31
NA A S-ZMAXS (41
MXNX~AX (MAXS (1) "qAXS (2) 4AAS (3 1, VAXS( 4))1
MIXM=X-1

* p

4 CO04PtJTE THE AGGPEGATE THRUST-IN4OUCE0 ACCELERATION
* FOR EACH TWO-SEC TIME LIN E OF THE TRAJECTORY4

r
PRINT 2Ot0
PRINT 880

56 FORMIAT t5Xv3W**VIBkATIONAL ACCELERATICNS*///'
NC MTL=NOMTL 81
IkCLLl=IPOLLZ=IPITCH: IY AW=C
00 518 II1,)4X

5 18 RESPIII)=O.
RNOSET-O.
INT=-l
I PT=- I.
TM=-.05
IPIFST=-2

446 INT=INT~i
Tt=TM+ .05
IF (Tt1.Elq.1 GO TO 60E
IF tNT.LT.40) GO TO 4756

b,4 RESP(l)=RESP(l)/4C.
FRINT 8113, THRESP(l)

8T(, FORMAT (5Xs*TtH4E 2,oCI~ACt.~rO z ,E15.9)
PRINT 650o IROLLIR0LL2iIPITCHtIYM't

65r. FORMAT (5X,'INRUSTER FIrPINGSX RCLLI. 'iI2,1 1 )X,'FOLL2 *lv'X

4 *IC =492l'K*~

CONVERT ACCELERATIONS T3 UNITS OF Krl/iECZ A14D WRITE ON TAPF3

WRITE (3) 'TNRESPII)
030 34.62 1.2,MXX

3462 RESP(I)=RESP(Jl
PRESP (MX) 3.
IROLLL=IROLLZXrITC )IYA4=[
INT~j

* CHECK( tF TIME LIMIT HAS 3EEN REACHEO

4756 IF fTt4.GT*TIMELIMl GO TO 4666
IPT*IPT41
IF (Tt4.EQ*.1 G3l TO 5C
IF IIPT#NENOMTLI GO TU 4

* CH4ECK FOR THRUS7EI FIftING

5vL TI2=TM/2.
TI=AINT(7IZ)
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4 NS REFLECTS THE TIME OF TH~E THRUST
4 WITH REFERENCE TO THE OVERLYING TWO-SEC INTERVAL

NS=2J-4(2.-TM*T1*2.)
IPI=TM/PR38INT41
IF (IPI.EI.IFIFSTO GO TO 333
READ (4) PROBRi, PROBR29PP.ObP9PROt3Y
IPIFST=IPI

DETERMINE IF THE ROLL THRUSTERS HAVE FIPED.
IF SO* ACO THE AFFROfRIATE ACCELERATIONS TOi THE TOTAL

AT EACH OF THE SUt3SEQ tENT TfoO-SEC TIME LINES.Ii333 RNOSET=RNJSET42.
CALL RANSET (RNOSET)
P=RANF (OU.)
IF (P.GT.PROBRII GO TO 6o

IRCLLI=IROLLI+I
66 RNOSET=RN3SET.2.

CALL RANSET(RNDSET)
P=RANF (DUM)
IF (P.GT.'ROBR2) GO TO 65
00 67 I=1,HAXS2

67 RESP(I)=RESP(I) 4SUt(2,NSI)
IROLLZ=IROLL2Gi

3ETERMINE IF THE PITCH THRUSTER~ HAS FIRED.
IF SO, ADD THE APPROFRIATE ACCELERATIONS TO THE TOTAL

4 AT EACH OF THE SUBSEQUENT TWO-SEC TIME LINES.4

65 RNOSET=RNOSET42.
CALL RANSET(RNOSET)
P=RANF cIU4l
IF (P.GT.PROBP) GO TO 343
0O 342 IzIMAXS3

342 RESP(I)=RESP(I)+SUM(39NSgI)
IPITC#4IPITCH~i

* DETERMINE IF THE YAW tHRUSTEP HAS FIRED.*
4 IF SO, ADO THE APPROFRIATE ACCELERATlONS TO THE TOTAL
4AT EACH OF THE SU8SEGLENT TWO-SEC TIME LINES.

34.3 RNOSET=RNDSET42.
CALL RANSETfRNOSET)
P RANF(DUM)
IF (P.GT.PROBYJ Go TO 4.68
00 467 Isl,MAXS4

'.67 RESP(I)=ESP(114SUM(.,NSI)
IYAW=IVAW~j

4.68 IPT=-1
GO TO 446

4666 STOP 4666
END
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MERGE PROGRAM

PROGRAM MER;Z (I NPUTt OUTPUT ITAPEifTAP E29TAPEZ,TAPE4 9,TAPES5I
ITA PE6= INPUT)

DIMENS5ION AiRAY(4,1000 )PHV(3)
PRINT I

1 FORMAT (1HitiOX,*TIME- ,16X,'X',24X,'Y4 ,24X ,474,////)

DO 5 I=194
00 5 JzitiO0f

5 ARRAY(IJ)=).

WRITE THE HEADER CN TAPE5.

READ (b19 YRDAYPSEC
IC' FORMAT (3FlJ.o)

WRITE (5) YR,DAY,SEC
20 N=O
3 ' N=N+i 3 IFILE=4

READ THE TRUE DRAG ACCELERATICNS OFF CF TAPE4*

READ ('.) (AqRAY(I,N),I=iv4)
IF (EOF(4)) 70,40

READ THE CORRESPONDING THRUSTFR-INOLJCED ACCLERATIONS
41 ON THE X, Y, AND Z AXES OFF OF TAPES 1, 2, AND 3, RESPECTIVELY*

4v~ 00 60 I21,3
IFILE=I S READ (1) T(t)IHV(I)
IF (EOF(I)) 70,50

50 J=I~i

TEST TO INSURE THAT THE TIME TAGS MATCH.

TEST=ARRAY(I, N)-T (I)
IF (TESToGEos0c3) GO TO 110

ADO THE THRUST-INDUCED VIBRATIONS TO THE TRUE ORAG ACCSLERATIONS*

6." ARRAY(JN)=ARRAY(JqN)+hV(I)

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

IF (N*NE. 1.00) GO TO 30
WRITE (5) N,ARRAY
PRINT eo, ARRAY I GO TO 20

-1 NN-i
IF (N*EQ*G) GO TO 90
WRITE (5) NP&RRAY
PRINT tD, ((ARRAY(IJ)I1,4dJxqN,,

8 0 FORMAT (IOXtF6*0 q5EE2D.14,5xE20. 14,5XEZ0.1.)
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90l PRIN'T 100, VILE
10f0 FORMAT (IHi'jOX#*EOF ENCOUNTERED ON TAPE*911)

STOP " OF ENCOUNTEREO
110 PRINT 120,9 IFILE
120 FORMAT (iHi,5X90TINES ON TAPE4,11,* ANO TAPE4 00 NEOT MATCH*)

STOP "CORRESPONDING TIMES UNEQUAL"

ENO
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.4 GAUSS-MARKOV PROGRAM

PRCGRA10 GAUS4IK (INI'ITOUTPUT TAPE4INPUT 9TAPE,9T APE2 ,TAPE 31
DII'ENSION A(17,4lPM(3,3),SM4U ,3),PXT(393IRETA(3,3) ,SETA(3,3)
DIMENSION WM(3,1IWETA(3,1),WYI(3,1),W(3,1) ,PIj(3,jI ,P12(34)1
DIVENSION ETAODO(3,1IPEI(3,1jETA(3,11,PE2(3,i)
REAL t4H(3,1I, H(3,3)
DIVENSION PP1 13,1),PP213,1),XI(3,1XIOLf)(3,1),8XI13,3)
REAL MMOLD(3,1)PMUBXI4UBYMUBZ
DIl'ENSION SQ(393),PR(3,31 ,RPR(3,3),RNDNOS(12),ACC~iOC.4)
REAL ISOQ(3,31,IR'iSM(3q3),IRESE(3q3)
DIPENSION RXI(3v3),SW(3q3)sS(3931,8C3,i)

DIMENSION E3( 3,11 E4(3,1)
PI=ACOS (-1.)
ZERO=O.

WRITE THE HEADER ON TAPE 2.

READ (1) YROAYsSEC
WRITE (2) YR,OAYSEC
PRINT 443

443 FORMAT (lHil

* READ THE INFUT CARDS.*

DO 20 T=1917
* READ(4,iC) (A(Iq,J),J=1,4)

10 FOR14AT (Ai0,E2Q.'5,E20.5,E2G.51
PRINT 446, (D(I, J),J=194)

4 '46 FORMAT l//,5YAigE2G.5,E20.5,E20.5)
20 CO 'TINtJE

DO 30 I=193
00 4G J=193

SW (I, 11 0.
40 CON'TINUJE
30 CON~TINUE

II 1,1il=II(2q2)=II(3,p3)=1.
II 1,2 1=11(1, 31=111 2,1)=11(2, 31=11(3,1)=II( 3,2 1=0.

*ASSIGN T4E INPUT VALUES TO THE APPROPRIATE VARIABLES.

DO 50 1=1,17
IF (A(II,).NE.1OHBTASX IGO TO 51
MtJ0X=A(I,,2) S VARBX=AII,Z1 $ GO TO 50

51 IF (A(TI.NF.IGHBIASY I GO TO 52
muey=A(l,o2) S VARBY=A1,31 S GO TO 50

52 IF (A(191).NE.1IOHBIASZ ) GO TO 53
MUEZ=A(I,2) I VARBZ=A(1,31 S GO TO 50

53 IF (A(I,l).NE.10HTAUM ) GO TO 54
TAUMX=A(IT2) S TAUMY=A(I*3) % TAUMZ=Atr.41 2 GO TO 50

54 IF (A(Ii.NE.1OHSIGMAM ) GO TO 55
SM(lqi)=A(I,2) 'P1/mO. I SM(2,2)=AfI,3) 9Pl/180.
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SI4I3*31zAcIsWP1/16O. S GO TO 50
55 IF 1AfI,1f.PE*1DHINtTXNT I GO TO S6

OELTAT=AII92) S GO TO 50
56 IF (A!11.NEsOTALJETA s o TO 57

TAUETAX=h(I,?) 't TAUFTAY=& II,!' S T&UFTAT=A(I,41 5 GO TO 50
57 IF (All, 1).')1E-*1rSIGETA I GO TO 58

SETA#1,i.)=A(TvW ; SETA(2q2)=A(Iq3) S SFTAt1..1)=A(I,i.) 1; GO TO 50
58 IF (AlI,1).NE.I1h$TA1UI r O TO 5q

TAUXIX=AUI T 'AUKIY=A(I,3f 9 TALJXIZ=A(194) t GO TO 50
59 IF M4(T, itNE. i,1HPXI1 ) GO TO 60

PXI(1Ivl)A(I,2) 9 GO Tr SC-
6.2 IF (A(1,1).NE.1GHPX12 ) GO TO 61

PXI(1,2V=0X(I(2v1i=AI,?) It P)(T(Z,2=A(I,3) t Gn TO 9;0
61 IF (A(I,t.Nc'..NPYI3 ) GO TO 62

PXIli,3,=VXI(3,1I=A(1,2) % PXC.I3,2)=PXI (-?31=AlI,31
PXIL3,3)=l(I,4) 5 GO TO 50

L ~62 IF ~A1A.21I'w IGO TO 63
SW~,1)8I.')S W(292)=AI,) 't SW(3,31=A(1,.) S GO TO SO

6.3 IF (I,IJ.'fW.iJfSCAFACt ) GO TO 64
S(I,t3)=A(I,2) I S(1,2):=A(I,3 I Sti,31=A(I,41 I GO TO 50

6,. IF (A119iI.NE. 1041SCAFACZ I r0 TO 65
( ~S(,t1=A(1,21 i 3f2,2)=AlI,3) S 62!)&I4 S GO TO 50

65 IF fAtlI?.NE.1,4SCAFAC3 I Go rO 66
S(3, l)zA(I*2) S 1(3,?)=A{Io3) t S(3q3)=-q(I,f'I S GO TO SO

66 IF (A(T,1J.El.13HTIMFLVA I GO TO 67
PRINT 444, A11,41

444 F0O.1AT (lH1.~'Xv*E0FOP ON nATA CArOS ---- 13 = *sAi0I
GO TO f~bb

67 TT*'ELIUJ=A(IT2)
5Q- 'cotrINUE

rOmPUTE THE RIA FOP Et.

CALL T!'M3FT~i)s
CALL TQ$rNGfQND1OS,3)

9313, 1)=SC.TIVA'3?' PNONOS(3I4+MUSZ

)FRIVE SORT II-R42)SM FCF E2.

RMti 1s1.=FXP(-i.* 5 1ELT4T/TAUf4X)

RMI393)='EXP(-x.')FELTAT/TAUM2)
CALL 4rR,^O(3,3,3,rm3,R4,3,SO,3)
CALL '4SUT3,3vII, !,SC,3,I9SO,3)
00 aJ 12103
'O10 J=193

go ., OtrINUE

CALL 4PC(3,3,3,IPMO7,SM,3,IRMSMi3I

I)ER1VE FZETA V*OR ETA OF El,

RETA(jtj)=EX((I.* tOELTAT/TAUETAX))
RETA12,ZI=rYP(-1.*tDFLTA/TAiJETAY))
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iET(3,3EXP-.'(DELTAT/TAUETAZ)

*DERIVE SORT(I-RETA2)SETA FOR ETA OF E3.

CALL MPROO(3,3,3,RETA,39RETA,3,SQ, 31
4 CALL MSU(!T (3,39I1,SQ93,ISO,31

ri0 100 I=1,3
10 110 Jigs

110 CONTINUE
100 COITINUE

CALL MCROO(3, 3,3 ,IRSE.3,SETA ,3,IRESE,31

DERIVE RXI FriR XI OF E3*

RXI(1, 1)=EXP(-i. OELTAT/UAuxriXI
RXI (2, 2)=FXP(-1. 4OFLTAT/rAUX lvi
RXI(3,3I=EXP(-i.*OFLTAT/TAU)XI7)

CALL MI'ROO (3,3,3 ,PXr.3,RXI,3,PP,3)
CALL M0RCfl(3,3,3,RXI,3,PR,3,RPR,"')
CALL MSUBT(3,3,PXI,3,RPR,3,PRPR,3)

f 4 FINO 3XI AND CXI USING SQUARE RCOT ALGORITHM.

- IF (PXI(1,1).NE.;.) GC TO 38
00 36 I=1,3
DO 37 J=193
CX !(Iq Jj=BXI(IDJI=:.t

37 CONTINUE

36 CONTINUE

CXI(i,1)SQRTIPXI)/CI.))l

CX 112,2) =SORT (PX I ( 2,2) -CXI (2 ,1) *42)
CX](3,?2):(PXII2,3)-CX(I(291)4CX(I(3,1))/CXI(292)
CX 1139 3)=SORT IPX!T ( 3, 3) -CX 1(3,1 )**2-CXI (39Z 2) 2
3XI I,2)=8X1 1p3)=9XI (2,3) =0.

9XI (2, 1)=PRPR (1,2)/BXI (1,l)
8XI(3#1)=PRPR~(iq3)/9XI (1,1)
3XI(2,2)=SORTIPRPR(2,2)-qXI(2,1)442)

4 PRINT THE INPUT AND COMPUTED TINE-INVARIANT MATRICES.

39 PRINT qaj, MI911),I1,31
901 FOP'IAT (1Hi*I0X,*RIAS MATRIX* 9///v 0XF29.5,t10 WE20.5,10E,9

1EZO.51
FRINT 902

9G2 FORMAT I/I/////,1CXS MATRIx',//)
DO 1001 I=193

1001 PRINT 1000, (S(I,J),J21,31
PRINT 00

903 FORMAT M fArFIxo,//)
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00 1002 1=193

PRINT 904.

30 1;03 Iti,3
1C03 PRINT t0.0, fS~tI9J)#J~i,3)

PRINT QC5

DO 1604' 1=191~
1IJ'. FRIlT 101C9 (I09Th(I,Jl9Jzlv3l

PRINT 9

PRINT 9071K 30 iLJf6 T=1,3
DR1e4T 'nOA

10 1007 1=191

cR1'll 7Z3

10 704. 1=1,3

IF 5P(~,~.EJIt0 TO 150'1 RI'4T i5
PRINT 45S2

42roF.4AT t~,N ,X'!~EPXI(IqiI E011ALS ?ERO, 4LL ELEMIJTS r)

lF,5,5H,/,1,5H~,bX
4 T~BXI A40 CYI MATRICES WERE SET*,

1'X.oTO ZlFO 9 5Yv,;H"''f)

00 100A 1=103
1.08 PRINT i.C, (8XI(,J)vJ=193$

PR14T %i1

Do0 t30d r=1.3
1*..C9 PRINT 103:v (CX! (IJlsJ1.3)

* PRINT 1~32

702 F01?4AT (////,1XSWMATRIY
9,//1

10 igl1 1=1.3

* ' EA0 THE INPUT Y3RAG ACCELERATION4.

OR14T 70'5
705 FORMAT (lH1,tCXt,I9H**0** 4LL ACCELERATIONS ARE IN tC,)S

I**)
4ACEL:Q

P'4CSET3.

IF (EOF(I)l 6669 25(l
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25,. 00 209 ICNT=IgtN
* rI=ACC C CNT,1i)

ATRUCI, 1)=ACClIGC4T,2)
ATIWC2v1e=ACC CICNT ,.)

4 ATF!JC3,i=ACC (ICNIT,4)

COUNT THE NUMBER eOF TIME LINES.

40AGEL =NOACfL +41

* CHFCK FOR T"~E TIME LIMIT.

TF (TI.GT*TIUSELIMl GO TO 667

CONVER~T INPUT A1CELERATIONS TC UJNITS OF GS.

00 33 T=193

33 CO 1INUE
IF CT! .GT.2)3.1 GO TO 51%

ASEN (I , 1ATiU (1,1
S61 COtTINIJE

AW*~ rO TO5C

OBTAIN THE ELEMENTS OF THE RANIDOM VECTORS
* FR~OM A GAUSSIAN SEOUENCE OF NOR44L VARIATES.

50J RN0SET=PNlSET43.
*CALL T M SE T(:ZN DS ET

CALL TqMRNGCiNDN0S,t2J
EY) ?5 I193
'M CI(1, I I=R t NOS (CII
WF TA (I, I I =RNO NOS ( I+3 1

W (Iv Ii I PNOS (1I+ 3)
25 GO T I NUE

4 COMP~UTE El.
T HE R.ANDC1 IAS AN'O SCALE FATRINU~ ACCELERATICMS

CALL M RCflC3, 3,1,S,3,ATQU,3,Eip3)
CALL MAO(3,1'l#3,EI,3,El,3f

4 CCWPUTE 44 FCR E2.

IF (NOACEL.NF.1) GO TO 730
CALL MQDOO09l,tq1SMp3qWM4,3,NM,31
GO TO 731

73a (!ALL MrRCO33,i,RM.3,MMCLD,.3,PMI,3,
r AL L MPR C 39 3 RS' ' *293
CALL "AD-1 (3919P" to39P?12,3,1M013

731 flO 401 r193

FS3 COtTINUE
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* COMPUTE 4 FOR EZ.

M (21) =W13i)*M(3p

M 12, 31=,M(iI

* COPUTE E2
* TIE TIMF-OEPENOENT ORrENTATIO4 ERROR

CALL MPfl~(3,3,,4,I,GTR(I,3,E2,31

* CO"PUTE ETA AND XI FOR S3.

IF (NOACEL.NE.1) GO TO 732
CALL 4PRCD)(3,3,1,SETA, 3,wETA,3,ETA,3)
CALL MPRCD(3,3,tqCXI,3,WXIt39YI, 3)
GO TO 733

732 CALL MPRCO(3,3,1.RETA,1,ETAOtO,3,PE1,3)
CALL M4PRCO(33iIRE' E, 3WFTA,3,PE2.*3)
CALL MADOI3,19PElp3,PE2,3,ETA,3)
CALL MPROO'(3,3,1,Rxr,3,KIOLD,!,PP1,31
CALL MPRCCI3, 3,tp9XI,3,WXI,3 ,DFZ,31
CALL 4AOO(3,1pPPl,39PPZ,1,XIs3)

733 !30 68 1=1,3
ETAODO l,)=FTA(Ivl)
XICLD (191) =XI II i ) DIIE;m:;owis

68 COMTNUE

* COMPUTE E3

CALL MAOO(3q1,ETA,3,KI,3,E3,31

CALL M9RCO(3,31 SW,3,W,3vE4,3)

COMOUTE THlE RESULTANT CnRRLIPTED DRAG ACCELERATION*

CALL 4.AO 1 (3qiEi,3tE2,39ASFNs3b
CALL MADCI3,1,E3,3,ASEN93,ASEN,31
CALL NAOO(3,i,E4,3,ASEN39ASFJ,31

* CALL MAD~)13,1,ATRU939ASEN,39ASENv3)
502 PRI4T 467, N0ACEL,(ATRU(I,1),r1.3)
467 FORMAT (lMG91XlH*914,iMS,2CXSTRUlE AX z *,E15.596X%*RJ! AY

1E1S55,FX,*TRUE AZ = ,EI5.5)
PR14T 46?9 TI,(ASEN(I,11),I1,3)

468 FOF'IAT (IX,*TINE = *,9Fl5.5,4)(,*SFNSED AX= 9te4X
INSEVISED AY = #tEl5.5v4Xv*SENSE0 A7 aO~S5
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* CONVERT TH4E ACCELERATIONS TO UNITS OF KM/SEC2 AND STORE.

10o 34 T=193
ASEN(IilVASEN(I,1)*I.CG98O62i)

34 COItTINUE

ACC(ICINT,3)=1%SEN (2,11)
ACCfIChTp4)=ASEN (3,1l)

2Gj COtTINJE

5 WRITE ONE RFCORr OF SIMULATED DATA ON TAPE 2.

WRITE (2) N,((ACr(J,L),L7!194),J=1I,iQO)
GO TO lilt

666 STOP -FOF ON ACCELERATIONS FILE-
667 STOP -TIME L1'IT REACHEO"

END
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