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Abstract: In this paper the combined effects of the pertimbadue to secular oblateness up to third
order and drag force on the semi-major axis anceticentricity of LEO — satellites are considerelde T
purpose of the work is to decrease the resultamti@tion on these parameters. Numerical resudts a
obtained for some critical orbits where these pbetions work against each other.
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Introduction: The equation of motion for Chazov(1988), Emelyanove (1991) studied
artificial satellites has the attraction of thetBar this problem of different kind of approximation
as the main term; the main perturbation on the but up to the second order; where there is no
satellites is the effect of the Earth’s oblateness. perturbation in the shape of the orbit i.e. there i
Thus we need to discuss this oblateness and howno secular perturbations in the semi major axis
to deal with it. and on the eccentricity. Nasondv1971),
Many analytical treatments deal with that Tamarové’ (1985), M.K.Ammar et.a’(2012)
problem of a satellte motion under the deal with the perturbation due to Earth’s
oblateness effect ; Brouwét959), oblateness up to the third order which gives the
Koza?(1962), Kauld (1966), Deprit and Rofn secular perturbation due to oblateness on both
(1970), Bergetr (1975), Kinoshitd (1977), the semi major axis and the eccentricity.

Also satellites are subjected to disturbing forces
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Mohammad.nrc@gmail.com which are known as non-gravitational forces.
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electromagnetic radiations, and so on. Aside

from the effects of the Earth’s oblateness, the p = ppel=m—m/E ... (3)
largest perturbative force on law earth orbit \Where

(LEO) satellites is caused by the atmospheric g The satellite semi-major axis,

The satellite eccentricity,

The satellite’s average cross sectional
about 800 Km is subjected to a perturbative area,

force caused by the motion of the satellite m  The satellite mass,
n The mean motion,

through the Earth’s atmosphere. f The true anomaly,
Cp The aerodynamic drag coefficient ,
The satellite altitude at any time,
undesirable changés the shape of the orbitand v, The satellite altitude at the perigee,
The density of the air at altitude
The density of the air at the standard
satellite. Thus an elliptical orbit will change to altitude,
H  The scale height,
Elimination of the short period terms from

drag. Any satellite passes within an altitude of 2

The acceleration due to air drag causes
a continuous loss of the kinetic energy of the ”
Po

become circular, while circular orbit will change

to become more nearly circular and decay. )
y Y equations (1), (23s follow

The objective of this paper is not only to

determine the perturbations due to oblateness (@j :_iz”{#_B] (1+ 2ecosf +¢*)2
dt ), 27\ an (1+ecosf )’

and air drag in order to take them into account in
the satellite maintenance operations, but also to
21 1-&
use them versus each other to decrease the[%ej :_i_[(/j_sz(e"'COSf)M[ (1-¢) z]df
resultant perturbation on the satellite in some o PTo\M (1+ecosf)

specific orbits during a specific time. Finally the secular perturbation on the semi-

Materialsand Methods major axis and the eccentricity due to air drag up
The effect of the perturbation due to air drag on ;[r? ;[Es féjr%rder in eccentricity can be formulated
the semi-major axis and the eccentricity of the
satellite can be written &8 , A ( 3,21, % j
Aa=-na’— 1+=e+—e'+—e° |t
( )3 D mpCD 276 Tl @
daj , A 1+ 2ecosf +¢€°)2 A 1 5 9
— na’—pGCp g e 1) A,e=-na— (—e——e?’——eSJt
(dt o 1-¢) ° e AT i ©)

Where Ap,a and Ap€ are the secular
de A e+cosf > L . . . .
—| = —nam,ocD ———— |{1+€° + 2ecosf perturbation in semi major axis and eccentricity
D

o V1-¢ due to air drag respectively. The perturbations
-------------- 2) on the semi major axis and the eccentricity due
And to oblateness is of the forth
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(a,+a,coq2i)+a, cog4) +a, coka))

(ag+ascos(2i) +a, cod4) +a, cofa))

[(ag +a,,co82i) +a,, co$d) +a,, co@ﬁi)) (6)

0y, +a,,c082) + a5 co§4i) + a ; cofBi)) caw

+(ay, + 0,508 2i) + a1, ©5( 4) + a1, c05(61)) codhov)]

6
Ae= J,D, R°n

J2 R°nt

t

—19/2 B+ B,coy 2)+ B, co + [, cdsi
F el A 0ok 445,

+—2——o B + B;co8 2)+ B, cog A+ By casi
a6(1_e2) ( S( ) éﬂ) d ¢)

J,, RPn?t? _ _
-2 (Bysin(i) + B, sin 3) + By, sin B)) sihw
ot Al Busi( 3+ 2,91 5) s

%[ﬁm+ﬁl7005( 2)+ﬁ18 CO$ |4)+1319 Cd5|93
a°(1-

+

(7)

+( By + BacoS 2)+ B,, cO§ B+ 3,, cAsi) chsad
+(Bra+ Boscos( 2) + Bog cO$ W)+ B, cdsif) chsw}]

‘:LI(DJ'—RGI‘)T:Z(IBM :813COS( 2)+1814 CO$ H)+'815 CdS@) CéS&g
a —e

Where

u The Newtonian co

nstant times mass of Earth ,

R The mean equatorial radius of the Earth

W The argument of the perigee,

Jx The zonal harmonics, given by

J,=1.0826% 10, J,

a,and B; ,i=

=-2.5322 10°, J, =-16110x 10° D, =J7+J, =-0.438912x 10

1,...20;j =1,...27 ; are functions of the eccentricity e anel given in Appendix A.
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Therefore the resultant disturbing force due to major axis and eccentricity for any particular
air drag and due to oblateness on both the semisatellite in a limited time so that we can get an

major axis and eccentricity are of the form orbit for this satellte where the resultant
Aa=A a+Aa disturbing forcgs acting on it is zero i.e. sol_ve
Ne=Ae+Ae (8) '([jhac?[esystem using a satellite common physical
WhereA a andA e are the resultant disturbing Aa=0

force due to air drag and due to oblateness on Ae=0 e 9

both the semi major axis and eccentricity B . .

respectively. Table 1. Satellite physical data

Results : Equations (8) clearly represent the Plesmmohor Vaias | Thbis

resultant disturbing force due to air drag and due

to oblateness on both the semi major axis and mass 175 [kg]
eccentricity. It can be used in satellites Area 2.22 [m’|
maintenance operations, but it can be used to i 23 [

decrease these operations too. Decreasing theP

maintenance operations here mean that

decreasing the resultant disturbing forces acting

on the satellite.

In order to do this we put equations (8) equals

zero and solve them simultaneously in semi
Table 2. Theorbital parameter swhere the perturbation dueto air drag and that dueto

oblateness wor k against each other.

utting the argument of perigee= 0 and
calculating the orbital parameters of the desired
orbit for 60 days we get

Time Inclination Semi major axis Perigee
Eccentricity
(days) (Degree) (km) (Km)
60 24 6992.689006 599.99256 0.002078
Aex10™’
Aotlc km 0.00
—008
TN \ /
—0.10
—0.15
\\______'_‘/
=ik —020 \ /
N ]
IIlOHHZOI”I30‘Hl40””51)””63Ih}s 10 20 30 40 50 60]}[}/‘5

Figure 1 The resultant perturbation in the semi major axid eccentricity during 60 days.

Conclusion axis and eccentricity; we put a simple formula to
In this paper, we studied the resultant disturbing determine them for any low earth orbit satellite,
force acting on low earth orbit satellites due to so that the maintenance operation for this very
air drag and oblateness on both the semi major
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important type of satellite can be determined in a
very easy and accurate way.

Also, we put a method to cancel the resultant 6-
perturbations due to air drag and oblateness on
both the semi major axis and eccentricity for a
valuable duration of time. This method is very
important for two reasons

1- This type of satellites has a very short life
time, so any additional time to its life time will
be great.

2- The second reason is the additional lifetime is
free of cost since it comes from using natural
forces against each other.

We apply our results in some particular satellite
and we find the desired orbit for 60 days. i.e. we
add 60 days to this satellite lifetime with no cost
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Appendix A
2
a,= 1755 e’(8+46° + 1B*), a,= 895% (8+ 46° + 14" ),
16384 32768
29257 _4725%?

(8+46° + 1Y), (8+46” +1%%),

a, =
4 32768

ag = 56214 4( 512+ 512- 525808 + 450486+ 695%f4 1325848 3548729 ),

a., =
8 16384

aez—szjzss(—15872+1587z— 5454¢° + 3798288+ 19551694 1227389 2323396
a,= 9 (-11776+ 11776- 989328+ 128239 3807816 2972968 74686%°),
262144
aB:—52428( -8704+ 8704— 837616 + 1068046+ 4417884 2930584 288%F°),
ay=- (90944- 95424- 283632 283286~ 697884 300624 1054709 ),
524288
a, = 9 (338112- 614208- 3533584- 2112884 1476568 1866186758248° )
1048576
a,=- 52428é232128— 253248- 1026764- 5384’ - 834968° + 83185+ 2419387 ),
a,= 9 (209728- 18144€- 881186- 487584 904eéb4 566f36 2365581 ),
1048576
Q= (6144- 20736- 57928 - 44160- 46%8 66800 119985 )
131072
a,=- 9 (2688- 960@—-9088@&° - 6182¢° - 219%5+ 23486+ 143803 ),
262144
Q= (1536- 5376 4166& - 264@6- 1092+ 14844 50511 ),
131072
A =— (4224-14208- 36096 - 26486- 24568 45884 65763 )
262144
81 3 4
ay, ¢’ (-152- 16@- 36" - 27%° + 28%"* );
524288
Ay = 27 ¢’ (-3256- 368@- 3086 - 1456+ 8185 ),
1048576
Qg 27 €’ (-1784- 208@- 526’ + 30+ 5089 ),
524288
81

= €(-408- 48@ - 4@+ 14d°+ 118f ),
1048576
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1755 ) . 8955 ) .
— g8+ 46% + 1E e (8 46° + 1¢
A= 327686( ) Pe= 65536( )
2925 4725
ST o8+ 4687 + 1B e (8- 46+ 14
A= 327686( ) A= 65536( )
,85—7 e(-309296+ 226352 269182+ 1259382 379 828302 ),
524288
B=- e(789296+ 268204+ 14989196 + 122906680+ 25356803  753@674 ),
1048576
@—7 e(-402512+ 793168+ 1369288+ 3106@24 7978655 1108282 ),
524288
B=- e(-74800+ 757168+ 2173688+ 3047@00 7852865 1416366 ),
1048576
117 315
——_ (-16+ 887 - 198"+ 23¢° ), =" (16 &8- 18+ 21 ),
B = 3107 ( ) Bo 16384f )
225 5 4 . 855
= -16+ 887 — 198"+ 234° ), =- 8 3+ &3
Au= 16384( ) B 16384 e ( )
855 495
=- + 62" = e (8 36*+ 68
B 32768 ) Pu= 16384( )
1575
—“ e(8-36% + 63"
As= 327688( )
/gs:—i(zegm— 40128+ 22288- 304082~ 1001228 13@&f40 898805 380132 ),
104857@
/g?:ﬁ’l%@omo— 328510- 1988363- 2340986 337988  121831B697092°+ 281012
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104857@
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B =- 9 (144- 144- 2594& - 31824- 61085~ 365+ 124676 54870 ),
2621443
B = (144- 14%- 11288 - 15120 26067+ 159# 54498 22794 ),
13107@
B =— 9 (2160- 216@— 37416 - 7646%4- 35383+ 6986% 40488 5822
262144
Boy=-— 27 e(-168- 48— 1886° — 1848 + 13&7+ 2485 ),
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Bos = _27 e(-1368- 52&- 8366 - 10728+ 11767+ 18876 ),
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