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INTA REPORT I.C.1 (Appendix 7.III)

THE INFLUENCE OF LAUNCHING ERRORS ON THE TRAJECTORY OF

SPACE PRUBES

1. Introdustion.- In the following a study of launching

errors is presented more oomplete than the one given in
Chapter 7'of INTA RIPORT I.Ce 1 "The Influence of Laun~
ching Erroxrs on the Trajootory of Space Probes”,

The matched oonios approximation 1s also used here;
however; "patching” between the geocentrio and helioocen-
tric orbits is assumed to take place at the Earth'!s sphere
of influence (radius ry. o S00000 Km),

Viec adcnowlsdge the help of Ir. J. Vandenkerokhove who
suggeated this extension of our previous wark, and kindly
provided us the firgd' two matrioces glven below.

The nomenclature is as glven in the flgures.

2, Relationshims between the injection oconditions and the

orbital Earametars;

Ve give below in terms of the seven injeotlion oon-
ditions ¢
t
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the 8ix orbital parameters in a geoocentrio equatorial

inertial sysgtem :
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INJECTION AND GEOCENTRIC EQUATORIAL
ORBITAL PARAMETERS
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The first three orbital parameters are independent of the

geleoted ooordinate system; they are given by the following
relationss

A, Tlliptic orbit.
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The second three arblial parameters aro dependent on the

ooordinate gystem, they are given by

i, = aro oos (sin Al oos Sin)

H = o - arc tan { Yan A'in g8in é\inj

A in
wd = arc oot [oos A, oot Sin-} + Avug,

Effeot of injection errors on orbital parcmeters

Differentation of the preoeding equations permits to
express the errors of the orbital paremeters, in terms of the

errors in the injeotion pa?ameters; symboliocally we can wyéi'be:

‘.Ao(l = imgn,dHAin!

where the matrix YY( s given below ag 21

inroxt

Vhere the expressions for the partial derivatives are
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3. Transformetion Li*om an ccuatorial into an ecliptical

geocentvric and inertial coordinate system.

The orbital pazameters a. , e, , 't% y g ) ﬂf R

and W, measured in an ecliptical geocentrio and inertial

‘ ¢

coordinate system are related to the orbital p‘arameters

A 1 © y T

) . 541, =nd «J measured in an equatorial

Re e 1T

geooentrio a;'id inertial coordinate system, by the following

relationships,
a& = aq
o, = o,
t, = %
% e
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. _ e . .
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The errors AE in system & are, therefore, related to
the errors in system o by a set of equations, which ocan be

written conveniently, in matrix form
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4. Relatvionsh-i‘ps between the orbital parameters and transition

point oonditionsg.

The following parameters determine the trans ition poind in
tho Cart's sphere of influenoe and the velooity of the probe

there, as well as the transit time @

N
T i 3 e n oy 1 /1 o 6 w.e o
'bra tr& trs T £ “E ’\;:?8

These are given in terms of thse orbital parameters 1

a it eE 1" tpE " i& t .Q/6 n c,uE

by the followlng relations for hyperholio orbits.
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nffect of orbital parameters errors on transition conditionsg.

Differentation of preceding equations pormlts to express
the errors in the transition parameters in texrms of the errors in

the orbital parcmeters; symbolioally:

,.Atr& l:iw‘g)“e t iAE ’

where is glven by 4.1,
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Lxpressions of the partial derivatives
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5. Relationships -between the transition conditions wiihz= respect

to the Earth and the injeetion conditions in the heliocentric

orbit.

These injeetion conditions are the following in a heliocentric

inertial reference systemn:

1 it " " L1 fi
rtr ' CS\t dt v . YO" i t
o To Yo I

That are given in terms of the transition conditions with -

respect to ageocentric ecliptic inertial reference system:
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However, taking into account that r /r is a small number
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Effect of transitinon errors on injection error in the heliocen-

tric orbit.

Differentiation of the preceding equations permits to express
the errors in the injection conditions in terms of the errors in -

transition conditions.
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6. Relationships between in the injoction conditions and orbital

varamcters of the heliocentric orbit.

We give below the rclation between the orbital parameters

in a heliocentric ecliptic incrtial reference system:
&, e tPO‘ i, by e

and the injcection conditions into the orbit,.
r é‘t o
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7e1. Relationships between the errors in the position and veloolty

of the grobe at arrival and the errors in the hdiocentrio

orbit parameters(with Tro fixed)

e give below the relation between the probets position and

veloocity at the moment of arrival at the target 1

r oy L0, V ol ) t
TO’ N T T 9 VTO" VTO' ]

Tor
and the helioccentric orbital parameters :
g v Co 0 ‘bPO’ ’ 10' ’ \Qlo.f W

Thesge relations are as follows
sin STG';: gin i5 sin (W 4 6To-)

tan (ot.TO_.- Ly ) = cos ig tan (W, + BTO_)

-—fﬁ@(zac'l" TTO‘ )

w = e U s O e ) G ¢ S 5 D o 4
B

& I‘TG_

(&

rT =, consgstant

G -
. 5 |
ao‘ (1 - BO-) 1
cos B = - ——
\j Prag (1 - 03)
oos Y_ =

To- ITG’V*

13
s



tan (dv -.0.6_) = 008 ic_otg (YTO—" wc-eg)

y . . -
sin {y = sini_ . cos (YTO' -y QTO_)

T
o
L e =1y 428 I 3
4 o 2%
N (ﬁb J
where
Mo 5
Ez-zaq- T V%‘u'@“—eﬁ)

The errors in the ﬁosition and veloolity of the probe at
arrival (with rTc* oongtant) are given in terms of the errors in

the heliocentric orbital parameters by

where the matrix VYY'KO‘JTO‘!ZLS given by 8;1, with the expressions
given below for the derivatives.
The partial derivailves of Y“G‘ ' Sm.,d.m,, Ve and SV

are the same as those given in matrix 4;1 if we substitute

To

Y't,.e, 51;,-8,0‘1;,»8; Vtr,- E.Qnd ag , 6g , tPg , 1g ;ﬂ’s!wg-
by N .

T gt a1 O T SVTg-and G 5 % tPO‘; ‘o "O’ ’ OJ
and the heliccentrio orbit being eliptic, the oombination s -1

2
by’l-—eo. .
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The remaining derivatives are as follows

Ot : N
v -
T 2 2 2
_ a cosic’,-wS(Q(Vrg"‘O"o‘) V1 - % 1 - 64
= - - e . -
aao sin (‘(TG_ o - 9‘.02 PTG’ e, sin GTO_
_\/ e 1

ac- 2 VT. gin YTG
ot , 2 | o

VTG. B 008 14 oos <°‘V15"b) - {U{g &y .

de 20Y. 0w m 4 - 62
o2 gin (YTO- OX GTO_) rgT sin YTO‘ 1 o5
+ — ! (1425 -age2 )
GG gin GTG‘
OU\/T
o 2 - cl . ——tl) -

s i ocos (dvTa_ (lc_) sin iy tan ( YTcr . eTc)
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