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abstract- A smplifie method for mathematical modeling and smulation of amospheric parameteres as a set
of random functions of dtitude has been developed. The proposed approach is based on canonical expansion
method and eiminates complexity in coordinate functions determination.Results of smulation demonstrate
that it may be easily computerized and used as a moudule of software for Monte Carlo flight modeling.
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1. Introduction

An aerogpace launch vehicle controlled motion is
influenced by numerous random factors, such as
devidion of motion initid conditions from
nomind, parametere deviaions of vehicle frame,
the engine thrugt, the control system, other
sydems  from  nomind vaues, externd
disturbances, acting on a vehicle due to Earth
actud amosphere and gravity fied deviations
from reference ones, noises of control system
Sensors,etc.

A launch vehicle actud trgectory deviates from
nomina under the action of these random factors.
Deviation of the launch trgectory and termind
condition(satellite injection requirments) due to
random disturbing factors may be so large that the
mission task will be not executed.

The am of the datidicd andyss of the misson is
to edimate datidicad characterisics of vehicle
moation.

All methods, that can be used for a priory
datisicd anadyss of a sysem , can be separated
intwo groupd 1],[2]:

-andyticd methodssuch as  trandtion  matrix
method,spectra density transformation
method,etc.

-datisticd methods such a  Monte Carlo
smulaion method.

In the Monte Carlo technique the artificd samples
or data are generated by use of random number or
randon function generators.

All random factors, which have to be taken into
account, when a datisticad modd of the aerospace
vehicle motion is developed, can be divided in to
the following four sets

Sat 1. Random initid conditions
Random deviations of initid launch condions are
referred to this &t

Set 2. Random events
Fallues of vehicle components are included to this
Set.

Set 3. Random values

Thefollowing factors can be attributed to this set:
-aerodynamic coefficient deviation from nomind;
-mass and inetia paamees devigion from
nomind,

-geometric misaignments;

All the above mentioned factors may be eadly
described as random vaibles in the the Monte
Caloflight amulation.

Sat 4. Random function of time or dtitude

This st includes the following factors:

-wind in amosphere;

-amosphere dendity deviation from reference;
-propulsion system devidtion;

Mathematicd modding and smulaion of random
functions and gpecidly amosphere is not 0
convenient and was subject of many
investigating 3],[4],[5].



To assess and predict the effect of atmosphere on
the dynamic response and datigtica
charecteristics of aerogpace launch vehicle or
arcraft, one needs a dochastic modd of
amosphere. Such a modd should recreate
numericaly parameteres of amosphere as a
random function of dtitudeln the Monte Carlo
flight gmulation, the gmulator of amosphere
should regenerate dochagtic  functions which
satisfy adequatedly random  characterisics  of
amospheric  parameters. Mathematicd modeling
and smulaion of amospheric parameteres as a
dochadic functions fined many gpplications in
aerogpace and the others area in science and
engineering [3],[9].

This research is amed a mathematicad modding
and implementation of a smplified  dochedtic
generator of amosphere for the Monte Carlo
flight Smulation.

2. Mathematical modeling

Random process modding strongly depends on
the ddidicd process characterisics. Badicaly
two approaches can be used to smulate the
Gaussian scalar continuous process [1],[2],[6]:

-The canonica expansion approach,

-The shaping filter gpproach,

The gochadtic smulaion dgorithm based on the
canonical expangon method is much smpler in
implementetion as agang the dhaping filter
method [1]. Therefor in this work we developed a
amplified dterretive to canonicd  expangon
method.

2.1 Canonical expansion method

Canonica  expansion agpproach proposed by
C.V.Poogachev, is a srong tool for random
function modding [1],[7]. This method proposes
the following expanson for sochastic function:

k
x(t) =m(t) + & bj ; (t) 1)
i=1
Where:
m(t) -Mean vaue of process (expected vaue),
J(t)-Are determinigic  functions (coordinate
functions),

b - Are Gaussan mutudly independent random

varigbles.
In this paper random amospere  has been
conditiondly seprated in to the following two st:

Set 1. deviation of amospheric parameteres
(dengity, temperature, pressure).
Sa 2 amospheic wind (wind veocity,wind
azimuth).
Canonicd  expansion of amospheric  dengty,
pressure and temperature may be selected as.
¥
Dr (h) =3 ki ., (h)

i=1

Dmm=émnm) @

DT (h) = & ki 1 (h)

i=1

Where:

Dr ,DP,DT - Random deviation of amospheric
dendty, pressure and temperature.

Canonical  expanson of wind a a two
dimensgona dochadtic vector-function may be
considered as[8]:

k
v(h)=m, +4 bj ,(h)

’ ©)
aZ(h) = rnaz + a b|J azi(h)
i=1
Where:
v(h),az(h) - Random functions of dtitude for
wind velocity and wind azimuth,

m, (h),m_, (h) - Mean vaue of wind veocity
and azimuth as a function of dtitude,

j yi+l 2 -Coordinate (determinigtic) functions for
wind velocity and azimuth,

The man problem in dochasic process
dmulation by the canonica expasion approach
concerned with coordinate function determination
[7][8]. This dep requires heavy preiminary
experimentd data andyzing.

In order to find a smple agorithm for atmosphere
modeling and smulaion proposed a method
based on combination of canonicd expanson
goproach and concept of random vector. This
method diminates complexity of coordinate
function determination.

3. The gmplified generator of random

atmosphere



To dimnae complexity in determination of
coordinate functions j . (t) in this paper proposed
a dmplified dternative by usng random vector
concept asfollow:

The Guassian vector X is described by the mean
vaue vector my and the covariance matrix

KX = |Kii |n'n '
In the generdl case, when K;; * 0, the correlated

Gaussan vector X can be sSmulated by linear
trandformation of the normdized Gausdan vector

b, conssing of the noncorrdaed normalized

Gaussan  varidbles  b;(D, =1i=1..n).This
transformation is following:

X =m, + Ab ©)
The transformation matrix A:|agj|n,n is a three-
angle matrix:
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Element a;of this marix ae defined from
equation:
AA" =K, (4)

The scdlar form of matrix equation (4) may be
represented as follow:

2
kxlx2 - a-1la

Kyx, =a11812;

_ 42 2.
Ky,x, =821 +32; ©)

If we suppose dochastic wind as a discreet
function of dtitude (in dtitudes h,h,,....h), it
may be easly conddered as a random vector.
Therefore, it is no necessty to determine
coordinate  functions . (h) in  caonicd
expansion (2),(3).

Suppose that there are results of M amospheric
sounding test. But we need N redization of wind
fidd for N flight test smulations (N >> M ).

In order to regenerate (N - M) sochagtic wind
redizetion in this work recommended following
procedure;

1- Prdiminay preparation of experimental data
for selected dtitudes (h, h,,....,h,);

2-Covariance  matrix  (K) cdculaion  (for
amospheric parameteres, wind veocity and wind
azimuth);

3- Matrix A cdculdion usng equétion (5);
4-Generation independent random vector b using
standard programs,

5-Atmospheric  Parameteres, Wind veocity and
azimuth modeling using equations (2),(3),(4).

Block diagran of the proposed method
illusrated in figurel.

3. Smulation example

The proposed agorithm for regeneration of (N-M)
redizations of the stochastic atmospher with the
given datidicd chaeacterigic is gpplied on
limted number of experimentd amospheric
measurement tet (M=8). Some result of
amulation for amospheric density and pressure,
wind velocity and azimuth as dochagtic functions
of dtitude is presented in figures 1-4.In these
figures 9gn  + indicates dengty,pressur, wind
vdocity and azimuth generated by smplified
moded!.

Conclusions

An smplified approach for stochastic amaospheric
modeling based on canonicd expanson and
random vector generation is developed.

The result of dmulations demondrated capability
and practicd aspects of proposed approach
especialy in aerospace researches.
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Figurel.Block diagram of simplified proposed method for stochastic atmosphere generation

figure 2 :density generation
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figure 3 :pressure generation
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figure 4 :Wind velocity generation
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