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ABSTRACT
The main objcc[ivc of the TOPJ3X Spacecraft is to monitor the

World’s oceans for both scientific simfy of weather and climate
prediction, com(trl  storm warning and mari[imc safc[y. TOPEX
can-ics rI radar altimeter, a microwave radiometer, a laser rctro-
rcflcctor  array, a frequency rcfcrcncc onit and an cxpcrimcntal
CWS demonstration rcccivcr  provided by NASA, and a DORIS
dopplcr tracking rcccivcr  and a solid-slate radw al t imeter
provirtcd by CNES, the French Space Agency. The spacecraft
with (hcsc payloads imposed cballcnging rcquircmcn[s  for (Iw
omboard Elcctrictd Power Systcm (M%). This paper prcscots an
ovcrvic.w  of (I]c EPS and its flight performance ob[aincd through
tclcmctry since launch.

INTRODUCTION
The TOPEX/Poseidon Saicllitc, herein abbreviated T0Pf3X

(ocean Tg-mgraphy @crin~cn[), measures [hc cadh’s ocean
sorfacc topography (wave hcigbk+)  from space osing radar
al[imclcrs. TOPEX  was himchcd  on Aogost 10, 1992 from the
Krwrou Space Ccn[cr in French Guiana in[o a non~ioal circular
orbit with an ahitudc of 1334 Km and an inclinalioo of 66
dcgrccs. ‘f’hc saiclli[c’s  c. fcckonics arc designed for a three year
primaly mission. Bccausc of a polcnlial mission cxlcosion,  the
solar ar~ay, batlcrics,  and propc]lanl arc si~,cd  fo~ a flvc year
mission.

Organization. TOPEX/Poseidon is a joint mission bc(wccn
NASA and the French CNES,  in support of the World Climalc
Rcscarcb Program. JPL manages Ihc project for Ihc NASA

office of Space Scicncc and Applications. As the TOPEX prime
contractor under JP1., Fairchild Space (now orbital Scicnccs
Corpo]  ation) designed, built, integrated, tcslcd the satcllilc, and
suppo]tcd its launch. The power subsystcm cnp,inccring and solar
amry subsystcm design v’crc pcrfonncd  by Fairchild.

Satellite Overview———
A diagram of Ihc TOPEX satellite is shown in Figure 1.

TOPEX uses the NASA Mo]timission Modular Spacccrafl
(MMS) bus with a mission oniquc insirumcnt module. The MMS
contai]is (11c modular power subsystcm (MI’S) aod the instrument
modu]c has the sun tracking SOIW  array rnounkd  on its -Y side.

Electrical Power Subs@em— ———— .
A block diag] am of the RI’S  is shown in Figorc 2. Solar an ay

power is transferred lhrough lhc solar array drive assembly via
slip rir]gs. The s(anciald power rcg,ulator unil (S1>RLJ) within the
Ml% serves as the powc]  p] occssing intcrfacc bctwccn the solar
array and the sa(cllilc load. ‘1’hrcc 50 AH batlcrics located in the
MI’S supp]y power VACI,CVCI the load rcqoircn]cnts cxcccd the
SPRLJ ou(pu( and durinp sun occultations. A detailed description
of design, analysis and dcvclopmcnt of the I’OPEX Elcclrical
Powc] Sys[cm  vas pI csc]ltcd a[ lECEC-91 [1 j. The main goal of
this paper is to present 1;1’S flight pcrfonnancc  obtained from
tclcmc[ry and compalcd with the design.

I’his work was pcrfomml  for Ihc JCI Propulsim  1,abcrratory, California
]ns!i[ulc of ‘1’cchnolrrgy,  Sponsrmd by the Nalirmal Aeronautics and
Space Adm inistratirrn.
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EPS Configuration
The EPS configuration rmc. hrmr after launch isprcscnted  in

Table-l.

Operational Measures
Duc to higher thrm normal rliffcrmtial  half ba(lcry vrsltagcs

o b s e r v e d  o n - b o a r d  UARS,  C3R(), and  oihcr salcllitcs,
illl]~lclllclltatiotl  of ccrlain opcmlional measures were thought to
bc very rrppropriatc. even though lhc ba([cry related pammc[crs
mri circumslancm  were not identical. in view of this, the
following oJmational  changes were made 10 the bat!crics: (i)
Limit peak charge currcnl to 20 amps maximum, by off-pointing
the sol,ar array appropriately (1’able-2); (ii) Limit overcharge by
controlling the rccbargc fraction, namely, charge/discharge (C!/lJ)
ratio 10 1.05 +/- 0.03 at 6°C, by changing V~’ levels bclwccn
level-2, level-3, and level-4; (iii) I,imit taper charge corrcnk
during full sunlight periods to less thao 200 mA; and (iv) lJsc
LOW current sensor data rather (ban }lIC;H current sensor to
improve the (Yl> ratio compo(ational  accuracy when the battery
currents arc equal or lower than 3 amps.

Solar Array Performance-Output Power
The Solar Array (S/A) dcpkrycd succcssful]y in about 7

minulcs and solar arl ay drive acqoircd the sun almost
imlantancously.  The S/A is rfcsigncd to pmvidc about 1043 waits
of power to satellite loads after processing through the Ml%, at
the cnd of five years. A dclailcct description of rtcsign, analysis
and  dcvclopmcnl of lbc l’ol)F.Xfl’(~sci(!otl  solar an ay was
prcscntcd al IECIW-91 [2].

Performance at BOL. Solar array ootpul pcrfrsrmancc is
cvalua(rd first using Ihc BOL tclcmctry data. From this dala, a
time period is scjcc(cd where tbc SPRIJ is in peak power
tracking mode cx[ractiog ail the power available from [hc S/A,
namely, 261 T12:36 102611’12:38.

Measured S/A Output Power. Various parameters, i.e.,
S/A tcmpcrat urc, S/A opcraling voltage, S/A operating currcnl,
C(C obtained through tbc tclcmctry for the above sclczlcd time
period arc prcscntcd in l’able-3. The sun incidcncc angle is
obtained by vcckwially summing [he solar panel offset with the
beta-angle. The S/A output  power measured at [he MI’S input is
obtained by multiplying the S/A operating curlcnt with S/A
operating vollagc and is presented in the same table.

Predicted S/A Output Power. Relative SLII1 intensity for
day 261 is 0.9911. The S/A oLIlput  power is computed osing the
“P0W13R1’” program I 3] for lhc same conditions as the lclcmclry
data in Table-3 and is prcscntcd in Table-4. The “lK~WER7”
c o m p u t e r  prograln w a s  dcvclopcd  u n i q u e l y  f o r  Ihc
TOPEX/Poseidon
mcmurcd dala on

sp~cccl:]fl and was validated using grolmd
flight solar panels.

Measured Vs Predicted SIA Output Power. The—  ——.-——
n~casm,.d S/A ootput power is cxmparcd with the prcdictcd S/A
output power in Table-5. Thus, onc can infer that the S/A is
pcrforn,ing better ihan c~pcctcd. The mcasurcmcnt  of solar array
current is carried out using a magnciic sensor and the voltage
osing a simple resistive divider. Both of these sensors have some
temper ,Iturc tolcrancc al id a certain amount of inbcrcnt error. The
ootput of these sensors is proccsscd through an 8-bit A/D
convcl\cr in the tclcmct(y system before lhc data is downlinkcd.
The overall crrru in lhc lllczl$Ll~clllc[ll  and signal processing is
computed  to bc +/-3%).

S/A Performance at6J 2, 20,30 Months. Following the— — — .  .
same al)proach as above, mca$urcd S/A output prwcr  is obtained
from tlw tclcmctry data and the “POWERT”  computer program
is used 10 obtain the ]Jrcdictcd S/A oulput power. The 10SSCS duc
to various degradations of S/A over time that arc used by the
“POWIIRT” computer program arc listed in Table-6. The
mcasot cd S/A output power is compared with tbc prcdictcd S/A
output power ia Table-7 for 6-rnontbs, 12-n~onths,  20- months,
and N-months and it closely matcbcs with the prcdictcd values.
Thus, the S/A is pcrfonninp, as expcchxi and designed.

In tlic above analyses, each measured data set had a different
operating environment, i.e., sun incidcncc rrnglc, sun intcnsi[y,
fcmpcraturc, clc. N o w , mcaswrcmcnts a n d  prcdictioms arc
rccol]ll~Lltcd/mllvcrtccl  for the sanlc operating environment
(tcmpcraturc of 28’’{’,  sun inlcnsity of 1353  w/n)2, and 16° sun
incidcllcc angle) aod presented in Figorc 3. From this figure, onc
can infer that the solar at ray is performing as cxpcctcd.

Solar Array Performance - Temperature..— ——..—-
FiF,iwc 4 prcscnt~ tcnqwratorc plots of one of four solar

panclk,  onc taken soon aftcl launch and the second one taken
rcccnily for the sanlc twl<l- prime al~glc. There is no apparent
(icgra(iation of the tiwrmal ma(crials of the pane]. Figure 5
prcscl,  ts front-k-back tcn~Iwraturc  plots of onc of four solar
panels, onc taken sooi) afkr laonch and the second one. taken
rcccnlly for the same bcla-pl imc angle. Again, there seems to bc
no apj)arcnt dc.gradatirm.

Storage Batteries
To date the TOPEX test CCIIS,  under-going ground tcsls

(Life/Stress Test. Mission Simulation Test, and Tcmpcraturc
effect Test), bavc exhibited results comp:iring  favorably with
rcsul[s from tri~ditionally  “gooci” cclis.

TIN MPS housed tlmc NASA Standard 50 AH Nickcl-
Cadnllum  (22 ccii) bat[crics. Bascpla(c imbui(icd hcatpipcs force
all Il)lcc baltc] ics to oI)cJ alc al the same kmpcralmc.  Ihcrchy
c]imiltating the degrad:ll ion otherwise in(iuccd by lhc Impcr’aturc
diffc] cntials bctwccn tlw IImc ballcl its. All lhrcc batteries arc
pcrfol ming in rm caccllcnl  manner. I’hc “operational mcasum”
taken might have further assured cxccllcnt performance being
cxhil)itcd by the bal~cl its.

Tl,c cnd of night vol{ap,c degradation, prcscntcd in Figorc 6,
seen)\ to bc within acceptable rates as compared to decay rates
from previously tcslc(i cells [4].
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Power Electronics

Spacecraft Actual Load Power Consumption, Using the
data from four current sensors in the MPS and the unregula[cd
bus voltage, ins(srntancous power was compotcd  at one minu(c
intervals over 24 hoor period and is averaged to obtain total
spacecraft orbital average power. ‘f’hc orbital average load power
from launch to dale cloring low beta-prime is prcscotcd in Figure
7 ancl it was aboot 869 watts al launch with two transmitters
operating simultancoosly. After about two months, onc of two
transmitters were switchcrt-off and the load demand reduced to
about 854 walls and has dccrcascd to about 847 watts since then.
One possible explanation is that healers arc consuming relatively
less power as some thermal surfaces might have degraded. Thos,
current load consumption is lower than the worst case prcdic[cd
EOL value of 933 walk  with two Iransmi!tcrs operating.

V/l Levels. Appropriate charging of batlcrics is carried by
proper selcctirrn of V~l ICVCIS  and !hc voltage ICWCIS dclcrmincd
by the V~ lC.VCIS  dots not degrade with time. This is indirc.ctly
measured by the state of charge (SOC)  at Ihc start of the Vm
limit. Table-8 presents the SOC taken soon af(cr launch and
rcccntly for different V/T levels. There seems to bc no apparent
degradation.

SPRU Efficiency. l’owcr tclcmelry data was analymt  from
four different 24-hour titnc periods and inslantancoos SPRU
efficiency was calcola(cd al onc minute in(ervals over a 24 hour
period and is averaged to obtain average efficiency. As prcscntcd
in Figorc 8, the computed efficiency using the tclcnlclry
mcasurmcnts  is grcalcr than lhc design specification value of
91 .5%, al SPRU outpul powcv  lcvc]s of 1500102.500 watts.

SPRU Operation. The SPRU is operating as cxpcctcd and
the peak power tracking accuracy is indirectly predicicd to bc
100%.  There is no direct indica[or to measure peak power
tracking accuracy and il has to be inte.rJxetcd  indirectly.

CONCLUSION
Previous sections pre.scn(cd  dc[ailcd performance of cn(irc

Electrical Power Systcm. The EJ% performance including S/A,
storage bat(crics and power electronics cxcmdcd our cxJ)cctations
and is performing in an cxce]lcnt manner and to elaborate:

(i) f$o]ar array dcpkrycd successfully in about 7 minulcs
(prcdictcd was 3 to 12 minotcs) and soJar array drive
acquired the sun almos[ illstal~i;~llcollsly.

(ii) of f-poinlin.g  of Ihc solar array has been used
socccssfolly,  to limit peak charge currcn[.

iv) The storage batteries arc performing pcr design and the
cod of night/d ischrgc vollagc dcgrrrda(ion seems to bc
within acccptab]c ralcs.

(v) Thermal cxrntrol  of the solar array, sloragc bat[crics
a n d  powcl c]cctronics is kc.cJ)ing t h e  o p e r a t i n g
tcn~Jwratures  wi[hin the design sJ]ccification.

(vi) TOPEX/PoscicJon sJ>acccrafl power consumption is
lower than prcdiclcd.

(vii) SPRU peak power tracking accuracy and conversion
efficiency arc higher than prcdicled.
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Figure fl- Temperature  Plots of SOlaX Panel-l
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TabI&l EPS Cmflguration

Solar Array: Fully deployed and sun traoking
Storage Batteries SOC: 1 Oovo

V/T Level: 3
Power Disconnect Relays: Closed
All Heaters: Enabled
All thermostats: Enabled
Battery Thermal Switches: Enabled (reset state)
Safehold Enable Relay: A-side Enabled/13 -sido Disabled
SPRU Command Control A-side ARMED/
Relays: B-side DISARMED
Heater Control Relays: DISARMED
PDR Control Relays: DISARMED
Battery charge control
Relays: A-side ARMEDI

B-side DISARMED
RIU-3A: Standby II Mode
RIU-3B: OFF

Table-2 8olar Array Off set Changes Since Launch
Day o f  t h e  Y e a r Offset
1992-241 +55.0
1992-247 +57.5
1992-256 -57.5
1992-261 +57.5
1992-324 -57.5
1992-329 +57.5
1993-208 +53.0
1993-277 +54.0
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Table- 3 solar Array Measured Data from Telemot!y  .? 3
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Table-8 ComDariaon  of State of Charge at Different V/T Levels

S t a t e  of Charqe
V/T Level At launch Recently
3 93.5% 93.5%. .

4 94.5% 94.5%
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