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Abstract many experiments on communications as possible.
So, we designed AEF maneuver plans to put into th

The Communications and Broadcasting Engineerirtgrget orbit.
Test Satellite (COMETS) was launched by the H-
Launch Vehicle Flight No.5 on February 21, 1998. Orbit conditions
However, due to troubles in the second stage rothet
COMETS could not be placed in its planned First, We investigated the optimal orbit, for expent
geostationary  orbit. Therefore, we designedn communications and maneuver strategy the
AEF(Apogee Engine Firing) maneuver plans to put thEOMETS.
COMETS into an operation orbit which is lower than We had to control attitude of the COMETS for the
the geostationary orbit, so that we can conduchaisy experiments with a pair of earth-sensors. But.eiduth-
experiments on communications as possible. Finallgensors are disabled when altitude is lower than
we put the COMETS into the operation orbit byl2,270km. So we had to increase an apogee altitude
performing the AEF seven times and the smaligherthen 12,270km.

maneuver five times. And, because the facility of the communications
This paper presents about the orbital maneuarspl experiments station of Tsukuba had been constructed
and the result of the COMETS. for geostationary satellites, we had to improviiitthe

satellite whose orbit was lower than geostatiorarg.
Key words: COMETS, Orbital operation, maneuvei he improvement was scheduled to be completedeat th
plan end of July, 1998, in order to conduct experimérntm
August, 1998.
Introduction And, we had to keep absolute value of beta ahgle(
which is the angle between the sun line and thé&abrb
The COMETS which is a two-ton geostationary threeplane, less than 45 deg. to charge a battery with
axis stabilized satellite of National Space Devalept electricity satisfactorily. We had to avoid radicawve
Agency of Japan (NASDA) has purposes of acquirinmterference with N-STAR(the communications satelli
new techniques of Inter-orbit Communicationspf Telecommunications Advancement Organization of
advanced satellite broadcastingand advanced mobilapan(TAO))
satellite communications. It was launched by the H-The summarized orbit conditions for carrying ths
Launch Vehicle Flight No.5 on February 21, 1998. communications experiments are as follows.

However, due to trouble in second stage rocket, t[The orbit conditions]
COMETS was put into an orbit which is lower than (1)The apogee height is higher than 12,270km.
geostationary transfer orbit.(See Table.1) Theesfoe (2)The experiments will start from August, 1998.
had to make an orbital altitude heightened to cohds (3)absolute value of is less than 45 deg.
(4)No radio wave interference with N-STAR.

Table.1 : COMETS injected orbital parameters

Nominal Result

Perigee Height(km) 250 246
Apogee Height(km) 36,000 1,902

Orbit period(min) 636 107

Orbital Inclination(deg) 28.5 30.1




Table.2 : Plans of the target orbit (#1)

Apogee Height(km) Perigee Height(km Orbit perioi()
Planl 25,000 250 435
Plan2 15,000 1,900 299
Plan3 19,000 1,000 348

under the condition(1). We designed the target
orbits(#1) , is shown in Table 2. Plan 1 orbit waade
by raising the apogee of the COMETS'’s put orbitanP

There were some conditions to perform AEF. It i® orbit was made by rising the perigee. Plan 3 avhs
effective that firing duration of one AEF is short.made by raising the apogee and the perigee.
Therefore, the maximum firing duration of an AEFswa Because the facility of the communications experit
determined to be 10 minutes. station was made for a geostationary satellite, diap

To confirm AEF maneuver, the first and the 2ndFAE shift and antenna drive speed made been smaltheln
should be performed while the COMETS was seen froorbit which has higher apogee height, antenna drive
any tracking control stations. speed is smaller and visible time is longer thanhi

In the orbit which COMETS was put by the rocket, orbit which has low apogee height. But, the sigaifit
because the perturbation due to the atmospheric dra difference of doppler shift was not seen in eadditor
was large about the perigee, its attitude is distdrand On the other hand, PAD(Solar Array Paddles) decays
it was consumed much fuel for attitude control., e  rapidly by proton lay in the orbit that passes tfen
would perform the 1st AEF and the 2nd AEF in early Allen belt. Prediction electrical power of decaer of
time, the 1st AEF on March 14 and the 2nd AEF on  PAD 1 year after launch is shown in Table 3. 1t is
March 19 shown that decay rate of PAD increase in proporéisn

In an original orbit change plan, the COMETS wibul apogee altitude become high.
obtain total delta-V about 1.79km/sec by AEFsfalet,
the COMETS could obtain delta-V about 1.67km/sec,
because much fuel is consumed for attitude contrtl

AEF conditions

Table.3 : Prediction of decay rate of
electrical power by PAD

the orbit change completes. decay rate of PAD
The summarized AEF conditions to put into theear after 1 year
are as follows. planl 42%
plan2 68%
[The AEF conditions] plan3 51%

(5)We must send the series of command for AEF
while the COMETS is seen from any tracking
control stations.

(6)Maximum firing duration of any AEF is 10 the comparative result of each orbit is showrTable

minutes. , _ 4. Because plan 1 is most excellent for a targheit,0
(7)The first and second AEF is performed while th§e gecided that plan 1 is the basis of a target.orb

COMETS is seen from any tracking control neyt we optimized the perigee altitude and apoge

stations. _ altitude of the orbit of plan 1. In the orbit whitrwas
(8)The 1st AEF is performed on March 14 and the 2ngeparated from the rocket, the decrease of theeapog

AEF is performed on March 19. _ altitude is big, because the atmospheric perturhat
(9)AEF is performed at intervals of more than §sdm i~ Therefore we elevated perigee altitude 500 km

' ' , Pi
consideration of the recovery of an electrical \ye can make communications experiments efficiency

battery. , in recurrence orbits which the satellite’s visityili
(10)We can obtain total delta-V about 1.67km/s. attern from station is cyclic. The recurrenceitsrb

(1Dthe AEF to change the plane of the orbit is Nofnich has the recurrent period of less than thregs d
performed. and 500km height at perigee, is shown in Table 5.

Investigation of orbit altitude

First of all, we investigated altitude of thegar orbit



Table.4 : Evaluation results of plans of the tafgé)

Visible antenna drive speedl Doppler shift electrit  result
time power

planl

plan2

plan3

Table.5 : Plans of the target orbit (#2)

arrival recurrence the possiblg the possiblg the possiblg total amounts o

apogee (recurrence period of [ period of| time of | experiment

height revolution) attitude communications| experiment per possible time

control experiment 1 recurrence

planl-1 18500km 3days(13ReV|) 5 month 5 month 1A0mi 5000min
planl-2 17700km 2days(9Rev. 6 month 5 month 90min 6750min
planl-3 16900km 3days(14Re\) 9 month 5 month 80min 4000min
planl-4 15600km lday(5Rev.) 12 month 5 month 40min 6000min

In this table, the possible period of attitudentcol Japan. When we adjust an argument of perigeethe
which is a period that we can control axis fromeaft latitude of an apogee is changed. It is the sasninat
injection into a target orbit, is long time wheneth shifts a communications experiment period.
apogee is low. The possible period of communicatio To adjusté, we could perform the AEF on off apsis.
experiments is the period when an apogee is in But, because the fuel is necessary to perform tBE A
northern hemisphere. and control attitude, we must avoid this methochash

Because the COMETS orbital inclination was 30.degag possible. So we adopted the method thatis
an apogee was made a round trip to a northegyjusted by utilizing perturbation from the flataesf
hemisphere and southern hemisphere in 10 months #% earth. We can estimate -dot by perturbation, in a
the perturbation from the flatness of the eartithe {5 mula ).
target orbit. Therefore, this period when the CONSE
is visible from the communications experiment siati

of Japan, is limited in about 5 months. a) _ § aesz ol 2 —Esinz i
The total amounts of experiment possible timeial 2 az(l— e2)2 2 ~+(2)
amounts of the time that we can experiment in 5theon

when are the possible period of communications
experiments.

It is calculated by the following formula(l). S ) -
The visibility of the satellite from the statiom Japan

total amounts in experiment possibility tire is optimal whenc& is 270 deg. However,& in the
orbit of planl-2(the orbital inclination is 30 dgg.
possible time of experiment per 1 recurrerce  rm(l50 days) increases 1.29 deg. a day. Evemfis set once to 270
deg., it gradually increases, and the apogee moves
southward. When the apogee reaches to the southern
(1) hemisphere, we can'’t perform experiment.
) o We can make communications experiments from 70
As that result, we defined the plan 1-2 (alu8 minytes after the earth sensors are enabled, to 30
500km at perigee and 17,700 km at apogee) that then tes before the sensors are disabled.
tptal _am_ounts of communica;ions experiment possibleye defined possibility of experiments as the pass
time is biggest, at a target orbit. when the COMETS is visible from the station and whe
) ) o ) ) condition mentioned above is satisfied during 1
Adjustment in a communications experiment period  recyrrence. The relation between and possibility of

h he latitude of is in th m experiments are shown in Table 6.
When the latitude of an apogee is in the north,can The possibility of experiments whe@ is between

make a communications experiment in the station (1f50 deg. and 380 deg. (20 deg.), is over 1 pass Wit

days of recurrence



recurrence. The possibility of experiments wheenis
between 180 deg. and 360 deg., is over 2 passhslwit
recurrence. WhenQ is more 225 deg. or less 45 deg. on July 2, an
absolute value of is over 45 deg. during experimen
Table6 : Relation betweetw and possibility of period. So, we would s€® between about 30 deg. to

experiments 220 deg. on July 2.
possibility of a range of term(day)
experiments G (deg) M ethod of the control that optimizes the condition of
over one pass 150380 179 Q and @
over two passes 180360 140

We performed the first and second AEF to meet th
conditions (7) and (8). From the next AEF, the
0?m‘orcement timing of the AEF ware shifted in ortier

The.refore, we. deflne. the sw.table period adjust theQ and . The change of2 and & is
experiments that is a period when is between 150 . -
anaII when semi-major axis is large. Therefore, we

deg. _and t38f0 deg. Ttotsetz; the dsu:ctagale pebrlod %djusted the orbit by shifting the enforcement tignof
eXpenments rom August to the end of DECember, Wye ApFs after the 3rd, while the semi-major agias

had to adjustc. to about 150 deg. during the last terg I ibl
days of July, and we designed of a target orbit on ma’l as possibie.

July 2 as 120 deg. Table.8 : Orbital parameters after second AEF

(mean orbit)

Adjustment to charge a battery with electricity

Epoch 98/3/19 17:27:20(UTC)
. . . semi-major axis 7821.2(km
we had to adjust the ascending nddg(in order to eccentjricity 0 1351 )
adjust the orbit to meet the condition(3). We cdjust orbital inclination 30.6(deg)

G using perturbation. Similarly, we can adju& .
using perturbation.Q -dot by the perturbation is shown Q/Q
in a formula(3). Q-dot of plan 1-2(the orbital @ /c:)

170.6(deg) / -4.4(deg/day)

35.5(deg) / 6.9(deg/day)

inclination is 30 deg.) decrease 0.81 deg. a day.
2 An orbit after the 2nd AEF is shown in Table 8.
: 3 a]J, .
Q=-_———"NcC0si...(3)
2 az(l— ez)

In the case that we perform the AEFs based on
condition(6) and (9), Q and & on July 2 will be
changed by the enforcement timing of the 3rd AER®e(s

Like & , we investigated) on July 2. The relation of Figure 1.) Then, we will perform the AEFs from Bl
range of the from August to the end of Decembek ario the 7th at intervals of 5 days. The firing dima of
Q on July 2 is shown in Table 7. AEFs from the 3rd to the 6th will be 10 minutesheT
7th AEF firing duration will be about 3 minutes bese

Table.7 : Ranges of from August to December the 7th AEF is a remaining control to put into eg&

in 1998, withQ on 2 July. orbit. _ , , ,
QonJduly| maximum minimum The optimal point ofcc on July 2 for experiments is
2 (deg) (deg) (deg) neighborhood 120 deg. Therefore, it is better to
0 50.1 -27.6 perform the 3rd AEF on May 6. On the other hahd, t
45 31.5 -17.9 suitable Q on July 2 is 220 or less deg. from the
90 17.8 -10.2 condition(3). Therefore, it is better to perforhet3rd
135 27.5 -6.6 AEF after May 15.
180 37.2 -27.8 Namely, on May, we couldn’'t meet the conditiafs
225 45.4 -45.6 both Q and & by perturbation. As also, the
270 51.0 -45.4 formula(2) and formula(3) show that the change(bf
315 53.4 -37.2

and & is in subordination relation. Therefore, even if
the interval of the AEFs from the 3rd to the 7th is



changed, we couldn’t change the relation betw€kn
and & of Figure 1. Adjustment of radio wave interference avoidance

In the recurrence orbit which revolves 9 times2in
days, there are 9 points of the longitude passing
apogeefl ) at intervals of 40 deg. In this orbif}
increase 1 deg. wheau increase 1 deg., and increase 1
deg. when mean anomal() increase 4.5 deg. If we
put into the recurrence orbit perfectly, increase 1.3
deg. in a day because increase 1.3 deg. in a day. If
we put into the recurrence orbit(the semi-majors asi
15449km), A increase 1.3degree in a day. To fix,
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120.7/1/: ,,,,,, [ 00 B ol |- we should put into the orbit whose the semi-majds a
80 ‘ ‘ is larger then the recurrence orbit's one. So, we
05/01  05/06 0511 05/16 05/21 05/26 05/31 introduced a satellite position phagd(on an orbit is a
Figure 1: TheQ and & on 2 July correspond parameter that showt by the change of th& and
with enforcement timing of the 3rd AEF M. ¢ is added aM and 4.5 times ofc when a

Greenwich meridian passes the ascending node.

If we perform the 3rd AEF on July 10, both corudis ¢=M, +45.-18M---(4)

are filled. However, we couldn’'t adopt it becawse

experiment start will be delayed. Thereupon, weaildio

adjust & to shift the AEF performing point from

perigee. where M, is mean anomaly when a Greenwich
From Figure 1, when we delay the 3rd AERmeridian passes the ascending node.

enforcement timing to adjud®, & increases. If we  Figure 2 is shown the relation betweén and ¢,

want to decreaseé. , we should perform the AEF inthe and includes ranges of the possible period of

front point of the perigee. experiments of Tsukuba and the radio wave intenfsze
Table9 shows the result of simulate of the AER@S with the N-STAR. When thel is 100 deg.Eg¢ which

above method. . . .
. increases 180 deg. wheh increases 40 deg., is 0 deg.
V\?r?le:]h?/v:bogriorrnrﬁt?ﬁ%rlds Kzgec?:e&:bollét ZvjitﬂggThe increase ofu corresponds to the progress in time.
b y o I’In target orbit, & increase about 23 deg. in a month.

using the above method on July 2 is 170 deg. | . . ) L
However, & is 146 deg. when we use the abOV(Ie‘IneS of (A) to (C) is showng-dot. line(B) which is a

method. And the suitable period of experiments i€ when the semi-major axis is about 15486km, is
advanced until the end of almost December. regular. Line(A) which is a line when the semi-oraj

To delay the 3rd AEF enforcement timing a&XiS IS higher than 15486km, drops the right. (@)e
mentioned above, we will be able to optimize both oVhich is a line when the semi-major axis is lowese
0 andc. the right.

However, we performed the 3rd AEF as early as
possible, in consideration of the charging to eieak
battery and fuel that uses for attitude controlnfra
viewpoint of satellite planning.

Therefore, we abandoned the optimizatiorCbf We
fixed to perform the 3rd AEF on May 6.

Table.9 : Simulation result of AEF which are penfied at the fixed front point of the perigee.

Delta-V | the altitude of apogeq M before / after the decrease
(m/s) and perigee(km) AEF(deg) level of G (deg)
(initial orbit) - 2511.0/394.2 - -
3rd AEF 286.87 4048.6 / 443.7 333.4/345.0 -11.5
4th AEF 317.87 6297.2 / 468.7 345.0/351.0 -5.9
5th AEF 356.93 9832.1/483.7 351.0/ 354.6 -3.6
6th AEF 408.27 16218.3/493.7 354.6 / 357.0 4-2,
7th AEF 68.14 17684.6 / 494.9 357.0/357.3 -0.3
(total) 1438.08 - - -23.7
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Figure 2 : The major experiment conditions
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Figure 3 : the visibility at tracking control siatis




Finally, in consideration of ranges of radio waveshow a result of the AEF.(See Table.10) In the cis

interference with the N-STAR and communication®riginal AEF plan, We would schedule to perform two
experiments possibility, we examined optimizatian- AEF to put into geostationary orbit . In fact, we
dot for communications experiments. As result, w@erformed AEF of seven time. And these was succeede

selected line(C) in this Figure as the semi-majds.a all. ) _ _
we could adjustedg and ¢-dot to adjust the semi- At that time, it was possible that the COM!ETS
major axis until COMETS is put into the target orbi interfere the N-STAR by radio wave, becaupavasn't

We planed the 6th AEF and the 7th AEF to adjgst adjusted well. So, we performed some little manesive

o . by 1IN thruster in June 9 and June 10. Then, we
which is 135 deg. wherte is 120 deg., andg-dot increased the COMETS semi-major axis about 1.3 km.

which increase about 1.3 deg. whanincrease 1 deg. As a result, the COMETS avoided a radio wave
interference with N-STAR.
theresult of AEF

Conclusion

After we performed the 1st to 3rd AEF, due to tleub
in the rate integration gyro for axis control, #th AEF Due to troubles in the second stage rocket, the
was put off from May 11 to May 20. COMETS was nhot put into the geostationary orbit. So

as mentioned above, when the AEF is put off, thge planed a target orbit that we can conduct asyman
possible period of experiments is advanced. So, W&periments on communications as possible.
coordinated to turn back to delay the possible period we completed all maneuvers and put a target .orbit
of experiments. Finally, communications experiment has been entbrce

Because the AEF was put off, we added and amendgdm August, 1998.
conditions follows.
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from stations. Figure 3 is the visibility from stats that Systems Information Computer Ergonomics, 1998,
was used to decided start time of 3rd AEF. In this  pp.39-46.(in Japanese)

Figure, marks of triangle shows perigees and apogee

the COMETS. rectangle lines shows the AOS and LOS

of stations. And we set a station that sent conusar

AEF for the COMETS was AGO(Santiago) station. We

Table.10 : the result of AEF

No. | AEF Namse center time delta-Yhe altitude of apoggmean anormaly used fuel note
of AEF(UT) (m/s) |and perigee(km) (deg) (kg)
0 initial orbit - - 1863.9 / 256.6 - - |Epoch:1998/3/14
1 1st AEF | 98.03.14 16:00:00 39.38 1863.1/ 4014 170.3 4Bitihg time: 90sec
2 2nd AEF | 98.03.19 17:27:20 134.39 2507.2/ 393)3 10.9 6162iring time: 300sec
3 3rd AEF | 98.05.06 08:58:00 289.40 4028.3/ 4357 335.9 .2B28iring time: 600sec
4 4th AEF | 98.05.20 19:12:00 317.710 6227.2/ 4472 348.3 .3B28iring time: 600sec
5 5th AEF | 98.05.23 18:36:01 353.32 95525/ 4571 352.§ .B20iring time: 600sec
6 6th AEF | 98.05.26 20:23:00 385.49 15188.6 / 463]9 354.5 7.131firing time: 600sec|
7 7th AEF | 98.05.29 18:28:$0 124.82 17739.2/ 4724 353.9 .9 9@iring time: 178sec
total - - | 1644.50 - - 1591.2 2968sec




