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| ABSTRACT :
y ;
\ ; This report documents the design and flight performance of i
! the Mariner Murs 1971 power subsystem, Mariner 9 wwas the
' first spacecra®™ to orbit another planet, and this report Ez
E discusses some of the power management technieies }i
; employed to support an orbital mission far from earth with I
l; | marginal sunlight for its photovoltaic-battery power source. !
i It ulso describes the performince of its nickel-cadmium ;
'f battery during repetitive sun occultation phuses. of the i
: mission, and the results of unique tests in flight to assess [
o the performance capability of its solar arruy. :
=
1,
| i
.f i
I
I
] o , 3
s |
,3 b
f
4
e
i
" o
: j o
| / H
:
. __ 2
| AGI: BLANK NOT FILMED =
| . f 5 A . 4
. IPL Technical Memorandum 33-616 ~ PRECEDING PAGE-BLANK NOT I R
! ' o . ' - 4







SECTION 1
MARINER MARS 1971 POWER SUBSYSTEM DLSIGN Ly

1.1 INTRODUCTION

The design goal Tor the MM'71 was to build g suite
able poawer supply which sotained us much of the MM'0Y
desipn as possible, [owever, pust Mariner programs hiad
been planet fly<bys. MM*71 was the first orbit of mission
to another planet, and as such, this Mariner mission
required some departure from previous Mariner power
subsystem desipn, partieululy with regard to the bat
tery, ‘The following Js o functional description of the
MM} power subsystem, lotlowed by o discussion of It
design and design changes from prior programs, and &
review of its [light performance.

1.2 MM'71 POWER SUBSYSTEM FUNCTIONAL
DESCRIPTION

As with Mariner spieceralt to date, the primary
spitceerall electrical power wis derived [Ton energy cons
verted from sunlight by solar panels. The solar panels
were stuwed parsdlel fo the thrust axis of the lsunch vehi-
cle, and pyrotechinie devices were timed on board to
release them during ihe lannch sequence, The spring
loaded panels deployed 90 degrees to lock into a posis
tion perpendicular to the spacecraft roll axis, ufter which
automatic spacecralt attitude controf maintained the
artay within 0,25 deg of the Sun vector during nonnal
mission operation. See Frontisplece,

A 20 nmpere-hour sickel-cadmium rechargeable
battery supporied the eléctrieal power requiirements of
the spaceeraft during launch, and theresfter whenever
spaceeralt loads exceeded availuble array power, The bat
tery was maintained near full gharge at every opportunity
during the mission to have the baltery at fls oplintim
charge state in the event of sudden unexpected need.
Batfery charging was pravided by a charger with two

rates, high rate at 2.0 amperes {C/10), and low rate at_
0.65 amperes (Cf30). High rate was designed (o recharge

the battery most efficiently In a short time interval. The
low or trickle charge rate maintained the battéry at [ull
capacity when the battery was nol being used, ag It
replenishied 1he buttery eapacity lost through normal
self-diseharge of the nickelcadmium battery system.

Unregulated DC power on MM'71, at a potential
range of 27 to 50 VDC, supported the operition ol the

__TWTA power converier, DC heaters, 30 VDC regulator,

JPL Technical Memorandum 33-616

and the battery charger. The MM*71 Pawer Subsystemn
Funicti sl Block Diagram s shown in Figuse [-1. About
onelifed of the MM69 spaceeralt electrical power was
used direetly from e soregubited bug, Uniegulated DE
spacecralt fonds varied during the MM'71 mission, a e
tion of the spacecralt heliocentric distance, and reached
814 of the lotal spaceeraft loads during eruise just prior
to Mars orbit insertion. However, with the scienee loads
coming on alter orbit insertion, und the DC replicement
heaters having tumed off, the ratio o’ MM'7E unregp-
fated DC power to the total spaceeralt power requiies
ments reduced o about 285 The balanee of the output
of the unregulated BC power bus was rouied to the
booster regulator, thit boosted und regulated to 56 VDO
& 165 at the output,

The regulated DC output of the bouoster regulator

“was not directly used by the MM'69 and MM*71 spage-

eradt, The seience instrdments and most of the MM™71
engineering  subsystems were AC powered either at’
400 Hz, or at 2.4 kHz. A 400 Hez three phase inverter
provided three phisse, quastsquare wave power to the
three gyroscope spin motors, The safence sean plattorm
position was controlled by two single pliase motors using
28 Vems sqrace wave power provided by a single phase
400 73z inverter, while the science instruments and the
temalning subsystams were powered by a 50 Vi
squame wave, 2.4 kHz dnverter. The funetion of the
booster regulator was to power these three inverters.
Spacecruft eventa were timed by the MM'71 central come
puter and sequencar (CCE8) clock, the frequency refer
ence Tor which was the 24 klTz£0.01% frequency out-
put of the main invertér, Both 400 Hz invertets were also
synchronized by: the main inverter, and had the sane
nominal frequency tolerance of £ 0.01%. The 2.4 kHz
fnverter operated continuously dwing the MM71 mis-
sion from the tme spacecraft power was powerud on the
faunch pad,-while the 400 Hz inverters were turhed on
during the mission as needed,

i.3 MM'71 POWER SUBSYSTEM DESIGN

The fokowing discusses the MM'71 power subsys-
tem design and stresses significant changes from the design
used on MM'6Y9, The Mariner 9 power subsystem sup-
ported, in ilight, the power profile shown in Figure 1-2,

——31/12
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Figure 1.2, Mariner Mars 1971 Mission Power Profile

_Tuble 1-1 tubulates some of the MM'71 power subsystem

parameters.

a. Solar Array. The MM'71 solur array circult
arrangement was the same as that used for MM'69. Solar
panel temperature sensors were reduced from {wo on
MM'69 to one on MM'71, and outriggers werousedio
mechanically extend the ‘solar patiel structures from the
spacecraft bus. The exiension provided clearance between
the stowed panels and the larger propulsion fuel tanks
used on MM'71, and clearance for the high gain antenna.
In olt other respects, the MM'69 and MM*71 solar panel
designs were identical, see Figure 1.3 and 1.4,

Each of the four splar panels was 0.9 m (35.5 in)
by 2.14m (84 3in )wlth an area of 1,93 m*4 (20, 8 ft? Yor
about 7.7 m (83 ft )for the atray. So!ar colls used Were

f l
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2% 2 ¢m NJP, 1 to 3 ohmeem base resistivity, 0,457 mmn
(18 milsy thick, that had stver-overtitanium vicuont
deposited contacts that were solder coated. The celt
material was phosphorous.diffused, boron doped siticon,
A total of 4,368 solar cells were bonded to each of the
fotir solar panels, and were insulated from the aluminum
substrate by a dielectric conslsting of Epon 956 epoxy
adhesive Impregnated sheet fibergluss, There were 78 cells
connected in serles, and 224 cells connected in paraltel
nn the total array.

The optically coated solar cell coverglass was 7094
fused sitica-0.508 ynm (20 mlils) thick, each of which was
bonded to a solar cell surface with RTV 602 transgparant
adlieslve. Each of the 24 submodule sections that com-
prised the total array was diode isolated from the DC
power bus to provent an electrical fanit within any: one

"

15
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Table 1.1, Mariner 9 Power Subsystem Parameters
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| Ling th tal arra ipul
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deep space, Figure 1-4
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As with MM' 71
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b. Battery. The major modification from tl
MM'6Y9 power subsystcm d W the new MM'71
kel-cadmium battery. A 20 ampere-hour 26 ¢
Ni-U'd battery m‘|||,|.: { the KR cell (0 amper hout
ilver-zinc battery used on MM'69, essentially because

W the orbital nature of MM 71, In addition to the use o
the battery at launch, midcourse maneuver, and standb
at planet encounter, as Marin battery mission require
program the MM'71 battery

had critical \;l.hp‘rqll ,\|]\|m|l !n.|:|w||'|||='\-f— for the \1.;1‘

ments had been lor prior

whit insertion and trim mansuvers alter a ! mont
cruise interval had elapsed This requi 1 battery
with greater vele reliability than the Ag-Zn The Ni
(d also 'Ih‘lmf‘ | ;u.uu:r sucvival through MM |

post-mission int vals having orbital Sun occultations

ind unlike Ag-Zn, it placed no constraint upon the

weumulated number of cveles that may be used tor
cience gathering or playback. Figure | shows the
Mariner 'l battery, and it ide view in Figure 1+
nows ! wWiring to the individual battery ell

Figure 1-5. MM'71 Nickel Cadmium Battery

c. Power Conditioning. MM'69 power condit
ing equipment (PCE) was somewhat modified 1
commodate greater power requirements of the MM/
mission. It was also modified to provide more comp'ex
switching and power distribution. The following dis
cusses the design of the MM'71 PCE and again flags signi

ficant modifications of the MM'69 design

d. Battery Charger. The MM'69 battery charger was
a cucrent limited series regulator, whose charge rate varied

IPL Technical Memorandum 33-616

Figure 1-6. Side View of Nickel-Cadmium Battery

fron, 10 to 650 mA depending upon the relat
tial 1T I power b ind battery The MM
charger for the Ni<Cd was a more sophisticated
with two charge rates. A high rate mode at
was provided by a pulse-width modulated switching
ulator Constant current regulation i th ugh i
harger was maintained by duty-cycle variation of 1l
series reguiatoer as a tunction ol utput i I
A low charge rate was provided by a « tant
series regulator whose fixed output at about 0.6 am
wias controlled by the voltage devel '+'('|| ICT
in series with its output, The output current
h|:p:'|. was further influenced by the relati p
tials of the DC power bus and the battery. The MM 4
battery charger circuitry automatically insferred
high charge rate mode to low charge rate at th
) I'he battery was near full charge. A
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nargetn ge detectior i I
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the direct ground command svstem, or by
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Power Source and Logic. As with past Marine
ubsystem designs, all input eiectrical power
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Figure 1.8, MM'71 Welded Module Packaging in Power
Distribution A Subassembly
g Other MM'71 PCE ( omponents. Mission requin

nent n { iated mcreasing the power rating ol the

l MM'69 units 1 95 watts for the unt u
MM'71. The rating of the 2.4 kHz inverter: was increased

') to 250 watts. Table 1-2 shows the maximum
nd minimum requirements I these units during

1own |

Marn 4 m 101 The maximum load sl
sl eled 1d supported oy a Mariner pow: ub
m in flight. The single and three phase 400 Hz

for both programs. Also, the

iny he sam

lundant dua pow chain !nj.||..\‘-p\.\‘ used on past

Marin 1as been retained on MM' 71, as have the sharg

node detector and boost converter, The function of thes
lescribed in the referenced JPL TR 32-1460

h. MM'71 Power Distribution. Severe power trans

ients often ac ')rl!]!.lllh'n! MM'69 science turn on, when

mechamzation to turn on the mstruments re \ELII‘L\f
ill be switched simultaneouslv. Individual science
istruments were mechanized to be switched in MM'71
» make turn-on transients more manageable. It also pro
led for greater power management flexibility through-
e mission., Both the MM'6Y power distribution

ind the DC heater and power distribution modules were

IPL Technical Memorandum 33-616
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Table 1-2. Mariner 9 Minlmum and Maximum Power Requirements

Typical requirements are shown in Figure 2, Peak load rating

for the booster regulator and the 2.4 kHz inverter are

205 and 250 watts respectively.

Outpui Power
" Arriy Load =
o ) [P ”
Mission Phase Date watts Booster Regulator 2.4 kHz Inverter
W, W,

Minimum Power, 3 June 71 232.8 101.4 473

Post Launch Cruise

Muximum Power, 29 Lk °72 451.0 266.0 2374
Solar Array Test No. 1

Table 1-3, Mariner Mars 1971 Orbiter Powel Subsysteni Telemetvy Channels

Telemetry Channel Funetion
116 PSL output voltige
203 +X solar panel current
204 +Y solar panel cusrent
205 Battery volinge
205 RES and dz heater eurrent
216 400.Hz inverter inpul current
221 2.4-kHz inverter output voltage
222 2.4-kHz inverter oupul current
223 X solar panel uu_r*;?fst
224 -Y solar panel eurrent
225 Battery vulput current
226 Booster regulator input current
229 30-Vde regulator input current
300 Main 2.4-kHz inverter input current
303 30-Vdc regulator output voltage
305 Batiery ¢liarger output current
405 Battery temperature
419 +Y solar _pancl‘outboard temperatura
423 . Standard cell voltage
424 Standard cell current
425

Radiation-resistant cell current

JPL, Technical Memiofandum 33-616
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Table 1.4, MM '71 Power Subsystem Weight, kilograns

Sobar Cell Array Assembly. total
Solar Prinel Sirctuces (4)
Battery, Ineluding Chassis

Buy I Electronics Assemblies

Bay | Cliussis

Power Source Logie

Main Booster Regulator
Standby Boeoster Regulator
Power Control

Battyry Charger

Bay 1l Electronics Assemblies
Bay 1 Chassis
30 Vde Repulntor
Power Distribution “A"
Power Distribution “B”
2.4 Hz Main Inverter
2.4 Hz Standby Inverter
400 Hz 1 and 3 Inverter

Total MM*7 | Power Subsystem

Tolal MM*71 Power Subsystem Associated

Structures :

_ Grand Total MM'71 Power Subsystem

Weight

totat

total

24.80

29.03

4.70
2.08
2,68
[.09
1.41

]

12.55

1.94
1.52
0.67
1.30
1.30
1.6]
8.34

7478

2049

31.35

106.12

41




SECTION 2
MARINER 9 FLIGHT PERFORMANCE

2.1 LAUNCH

The Mariner Mars 1971 Orbiter flight performance
Is the fight performuance of Mariner 9, after o Centaur
Inertial puidance faflure caused Mariner 8 Lo be lost at
seid during its launch May 8, 1971, The Mariner 9 bat-
tery discharged 8.76 ampere-hours during its Jaunch se-
quence 30 May 1971, The average discharge e was
8.1 amperes for a total depth of discharge of about
44%, Other launch parameters during the Mariner 9
lapnch are shown in Table 2-1 where compitrisons are
made with those of Mariners 6 and 7. The greater num.
ber of cells §o the Mariner 9 battery accounts for ity
higher potential in the Table. After the salar nanels
deplayed during the Muriner 9 faunch sequence, an on-
board timed command was Issued to transfer the charge
from low rate to the high charge rate made. The batiery
charged at high rate for 3 hours 52 minutes, until the
charger voliage detector efreuit automatically transferred
the charger to the low rate mode, The battery continued
{o recharge aat low rate for an additional 3 hours and
23 minties. The battery temperature began to rise after
this interval that sigoalled the end of recharge, und the
start of the normal battery trickle charge phase. Except
for oceasions when a direct ground commuand was used
to obtain the high charge rave, this was the pattern for
recharging the battery Di‘M:irfilcr 9 for the balance of the
mission,

2.2 MARINER 9 CRUISE TO MARS

No battery eniergy was required to supplement the
Mariner 9 solar array powet outpul during the mideourse
correction maneuver 4 June 1971, At this stage in the
mission, the spucecraft was close to the sun; and the
array outpul nower capability was far in excess of the
spacecraft power requirement, even with the 44.7 deg
wrn from the sun required for the proper motor Lhrust

vestor. The spaceeraft required 301 watls at the array -

during the maneuver, The array maxinmum power on the
day of the maneuver was cstimated ai 845 watts-with ths
solar areay normal to the sun. 1{ was estimated at 632
witts when the spacecraft was maneuvered from the sun

IPL Technical Memordrilum 33-616

for the motor burn,with the effects included for array
shadowing by spaceeralt structures,

Performance changes within the Mariner 9 power
subsystem were of Interest during the cruise o the
planet. One change was the gradual potential increase on
the de power bus. With a constant spaceeraft power pro-
file, the array operating point gradually increased i
potential, as the arrdy temiperature slowly deelined be-
cause of the recession of the spaceeralt from the Sun.
The de power bus potentials are plotted in Figure 221
along with the Mariner 9 heloeentrie distunce und artay
peak power oblput, The bus voltoge and Sun distance
curves lave similtar shape due to the relationship of the
urriy. operating. point with a given loud, the array tem.
perature, und helioeentrie distance, The de power bus
voltage inereased until the array zener diode cirenit aeti-
viated to elamp the array potentinl. This oceuried en

18 Qctober 1971, 141 duys after lausieh, and 27 days

before Mars orbit insertion, The Mariner 9 heliveentric
distance at the tine was 202,99 (10)0 km, the sun
intensity 75.90 taw/em2, the array lemperature 3.30C,
the array load 303.1 watts, and the de power bus voltage
was 45.4 volts, An average potential cuive iy deawn

through the data points In Figure 2.1, und iy gurve

shifted down when the TWTA iwas commanded into its
high power mode, on 21 August 1971, to cause a 33
watts power increase at the prray, Pre-encounier science
loads, 66 witls at the array, also shifted the curve down-
ward on 11 November 1971, after the array zeners were
limiting,

Battery operation also chuanged with the Mariner 9
trajectory Lo Murs. As the de power bus potential in-

ereased, as shown in Figure 2.1, the potential drop

across the baltery charger Increased, as shown In Fig

ure 22, After launch, the de power bus potential was -

2.8 volts above the battery patential, the dilference
betweeri the two being the batlery charger potential
drop. With this low polential drop, the battery low
charge rate was 0.282 amperes, The full limititg low
charge rate was 0.614 amperes, but the limiting rate way

attained only after the pg{ential drop ucross the battery

S S




Table 2.1, Mariners 6, 7, and 9 Power Subsystem Launch Performance Compared

Mitriner
Parameter
6 7 9

Time on battery power, minufes 36.8 59.8 64.9
Maximum battery discharge current, A 10,29 10.27 0,18
Total battery discharge, Al 8.6 10.6 8.8
Minimum batiery potential belore Sun
sequisition, V 26.68 26.68 3136
Battery Depth of Dischiige, Conpared to rated
wapacity, % 17.2 21.2 G
Minimum bus potential before Sun _ _
aequisition, V 25.83 25,84 29.6
Maximum near-Earth bug poetential with array - _
operating cold, V 46.98 46,76 46.6
Mitimum array temperature in Earth shadow, °C 224 834 478
After 24 hrs of post-lasunch cruise:

Primary bus potential, V 39.38 39.58 DAY

Battery potential, V 3478 34.44 31s

Total array ouiput current, A 5.82 593 5.58

Spacecraft power demand at arrdy,

exclusive of battery charger, w 235.7 2414 228.5

Battery temperature, °C 21.3 224 12

Array temperatuse, °C 55.5 57 50.0

Data foss prevented more aceurate temperature evaluation,




. S .

charger reached or exceeded 5.9 volts. Figure 22 shows
that the charger low rate graduatly inereased with the
charger pofentiad drop, and thot it reachied is 0.614
ampere limiting value in steady state on 23 August 1971,
85 days after luunch, 83 duys before Mars' encounter.
During cruise, the battery temperatme followed the
magnitede of low charge rate. Most ot the low rate
charge generated heat almost directly proportional to
the charge rate level, ns displayed in Figure 2.2 by the
similarity of the curves for the battery temperature and
the trickle charge, as the charge rte changed.

The midcourse cortection mancuver caused pers
formance changes in the Mariner 9 battery although it
was not used during this mission phase, After reucquiring
the Sun, the array operated cold far a short time, and the
colder urray caused an increased eharger potential drop
that increased the batiery low charge rate. These effects
are shown in Figure 2-2. Also shown, are battery temp-
erature increases due to the operation of the propulsion
tank heater, and due to the high power TWTA mode.
Law rate charger operation was alfected by the high
power TWTA mode for some duys after the event uitil
new equilibrium conditions were reached. The influence
upon {he low batlery charge rate by the potential drop
across the battery charger during the mission [s shown
in Figure 2.3. Buttery temperature equilibriom was
reached 28 days after Louneh and Jasted over a month,
The spacecralt bus temperatere then dedlined sturting
65 days after launch beciuse of uercased sun distance,
and with it, the battery tempeyature deglined. The buat.
lery lemperature s seen to deciease again fur the same
reason starling 97 days after faunch, after the high TWTA
power mode had shifted the battery temperature upward.

Another trajeciory related power sibgystem change
was that of Mariner 9 cruise electriced loads. Although
{hie Miriner eruise power protile changed but onee whely
the TWTA operating mode changed, the total areay load
increased with heliocentrie distance. The array load ine
crease was due 1o ?he increasing battery chargér power
requirements, until # teached its full Himiting Jow clarge
rate magnitude, It wag also due to the increasing de
heater dissipation ay the de power bus potential increased
until it became zener clamped. The cruise array load

soun after laanels was 242.5 watts. It was 255 watts just.

prior to the pre-cacounter science sequences for the
identicat power profile, ignoring the high power TWTA
mode. The 23.5 watt increase represents the influence of
the spacecralt heliocentrie distance during this interval
upon one spaceeraft cruise power euafiguration,

IPL, Technical Memorandum 33-616

23 MARS ENCOUNTER AND ORBITS

Miriner 9 required batlery energy o supplément
solar array output power during the Mars orbit inser.
tion phase oo 13 November 1971, and again for the
orbit trim muaneuver No. 1 on 18 November 1971, and
ihe orbit trim No. 2 on 30 December 1971, The space-
eraft data record for the MOI s good, but spolly for

the trims. Dats outages obscured the start and énd of

the battery discharge sequences for both tehin taneuvers.

The outages weie duve to REFS oceult Infervals bezause of

the planet eelestial ennligueation, and mitenhu inisoricn:
tation during the marneuvers, Some battery parameters
during the fnsertion and trim maneuvers die shown in
Table 22, with estimates where possible.

At encounter, the wificiency of the Mariner ¥ solar
areay solir energy coaversion e electrical encry was
114E, ubout what it was for the Marines Mars 1967 space.
craft, The Mariner 9 ariay peak power ab eheoutnter is
estintated gt 512 watts, including 4% acray current degra-
dation evaluated from s lse-Voe transducers.] The sun
intensity at encounter was 67 mwiem?, spacecralt Sun
distanee 211 (10)0 km, and the array temperature

- L3BYC, Also, at time of encounter, the centsil compu.

ter and sequencer eloek had gained 18 seconds during
the 168 day cruise since Taunch, The syne pulses for
this clock were vbtained from the waveshape ol the
2.4 kHz Inverter output power bus, and the sceumulated
clock error relates to the accumuiated froquency error
of {he 2.4 kHz jnverter.

Routine sclence recording and playback sequences
followed after the successtul insertion of Marlner 2 into a
Mars 12 hour orbit, The spacocraft operated solely from
solar array power without battery aesistance for the entire
format tnisston that lasted 135 days ungit 28 Mareh 1972,

2.4 MARINER 9 EXTENDED MISSION

The extended mission tiot followed begun 29 Marchi
and ended 27 Octaber 1972, 212 days later, THis wrission
phase placed the greatest demands upon the Mariner ©
power -subsystem,  Frequently perfornmied science se-
quences, formerly supported only by the array, would
have to be supported by the battery along with the wiray

Ipesign and Flight Performunce Evaluation of the

Marlners 6, 7, and 9 Short Circuit Current, Opene
Circult Voltage Transducers, Robert E. Pitterson,
November B, 1972,
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Figure 2.2, Mariner 9 Battery Charge Parameters During Cruise
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as the spaceeraft distance to the sun Inereased. Also,
spacectdt to earth distarice was increasing tow, so that
the high gain antenng would have to be used to transiit
the science data 1o tracking stations. This required a ligh
gain antenna maneuver (HGAM) to properly point the
antenna to earth for science data transmission, The
HGAMs generally eoused the solar sray Lo be mis
oriented from the sun sufficiently to require the battery
to shore the spuceeralt toads with the array. In addi-
tion, the battery supported the spacecralt louds during
Intervals of sun occullations cieated by trajectory pre.
cession in the extended mission that placed Mars between
the spacecraft and the Sun for a time durin,, sequential
orbits.

The suecess of the Mariner 9 extended mission was
dependent upon the support of the power subsystem,
and in mapy respeets, for operations regarding the bat.
fery that were used for the first time in this or past
Muriner missions, The dominaot requiremsnts were prop-
er power management of spaceernfy loads and manage.
ment to atfain battery energy bafance. Energy balance
was nchieved with spacecraft operations that were de-
signed to prevent daytime and e-2hittime spaceeraft loads
{rom excessively draining the battery, and Jesigned to
provide conditions that permitied adequate baitery re
churps before the batlery was again nsed.

2.5 POWER MARGIN DIAGRAM

A prime tool for power manggement was the power
margin disgrum, one of which, for HGAM's, Is shown in
Figure 24,

A, Use of power margin disgram, The diagram wis
used to predict oceusions the battery would be required
to share with the solar array the electrical Joads of the
spacecraft. [t aided the design ol specific spaceeralt oper.
ations on the oceasions it was necessary to avold share
during a specific interval, and for the design of other
sequences when o share mode was desivable. In addition,
operational sequences were studfud that required:

1. Boost-Pulses, The ouas!ons loads taused bat-

o ury aiare when the array was normal to the
Sun could also cause fulile boost pulses to
transfer the power subsystem operating point
to the array. Pulses that could interferc with
science pathering or playback. The diagram
identified these share conditions, that would
require cither inhibiting boost pulses by
command, ¢r prudent reduction ul space-
craft lcmds to aveid share, -

JPL Technical Memorandum 33-616 -

2. High Charge Rute.  Charging the buttery at
high rate required about 80 watts, or 3%
mate array power i the sefenee loads, The
dlageam aided careful planning fer the high
rate charge sequences, that way have othes
wise ciused inadvertent battery discharge ine
stead »f charge.

3. Excessive Spacecraft Loads, The diggram re-
vealed oceasioins when loeads would have to
be trimmed, and identified load magnitudes
fo be turned off,

4.  Battery Maintenance, It was desirable fo rou-
tinely discharge the battery moderutely dur.
ing the interval the HGAM's were required,
o maitain adequate battery condition thut
permitted the fullest use of its designed ca-
pacity when needed. The power margin dize
gram again served to indicate when no share
wits expected, and Kentilied which additisng
load would provide the desirable diseharge.
Applying extia spaceerali loads was nseful

during the early HGAMs when Maziner 9 was

-manenvercd from the sun to a smaller degree
to attain proper antenta pointing to earth,
The batiery either wasn't expecled to dis-
chaige because of sdequite array margie dur
ing these carly HGAMs, or it was expecied (o
be discharged lightly.

B. Power margin dingram constiuction.  Tle disgram

“ussembled o number of parameters to support Mariner 9

power managénient:

1. Array Quiput Power, The output power uf

the arruy had been estimated based upon

~ground tests, See seetion on Murinet 9 Solar

Array Perlormance. The array output predic.

tions were fuctored for array degradation

that had been evaluaied from the array

Ise-Voe transdueers during the mission; and

the prodictions were fuithet refim.d with
solar array tests,

a,  Orbital Influence. Array output power
varied because of array temiperature
differences at extremes of the orbit.
Greater output pawer was expected at
apoapses becavse of thejsooler array,
but output power #t periapses odly
wis used in the diagram for worst case
evaluation,

2-7
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Figure 2-5. Mariner 9 Solar Array Shading

Array Orientation. P

A ug Array Shading
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from a <60 deg yaw twm and 0deg
roll. The study showed significant
array shadowling started at u <20 deg
vaw. [t also findicated (hat the flnal
toll turn frequently redistributed the
shadow patlern to cause some of it to
fafl between panels, which at times
inereaged the array power output, The
array peak power output after the yaw
turn required for each date is incor-
porated into the dingram, as well ns
the array power increases catised by
stme of the fina! roll terns,

d.  Array Temperature, Arry tempera-
ture chapged with its Sun orientation
and the temperature effeets upon the
array power ouiput are also integrated
into the dingram., Temperature changes
because of shadowing were ignored
however,

Ay Loads. A matrix of array Joads shown
also in Figure 24 are of frequently used
Mariner 9 power profiles. The londs had
been topged from Oight data and Incorporate
the influence of operation on most recetilly
evaluated array zener coniposite character-
istics, the spacecraft heliocentrie distance,
bus voltage deviations resulting from larger
Joads, and booster regulator and 2.4 kHz in-
verter efficiency changes with load Pre-liunch
ground test data contributed little to the
determination of the manner spacecralt loads
influenced the array load, if only beeause of
the poor arruy-zener composite curve simula-
tion in ground tests, In Figure 2-4, ench
arrey load §s adjusted by adding 2% lo
account for ripple power imparted to the de
power bus by the operation of the booster
regulator, Theadjusted array load more closely
resembled the peak spucecraft loads seen at
the array.

Power Margin, The power subsystem margin
is the difference between the array peak
power oulput, and the adjusted array loads
during a spacecralt operation. Positive
margins could be sustained by the array.
Negdtive margin required battery energy to

support the array when operations required -

spacecraft loads to exceed the urray ouiput
dt.a given date in the diagram,

2.6 POWER MANAGEMENT

A. Arrav Power Estimates Increased,  Slare modes
appeired prubablt ot thice oceasions duting 4 Mariner U
HGAM sequence on July [0, 1972, However no shire
veeurred, although the spaceeraft teiemetry duta indicat
ed share to be near on ihe three oecasions. The power
margin disgram is not reproduced in this report upon
which the share forecust was drawn. The estimated
Mariner 9 sofar array ouiput in this disgram for the
petiod  had been degraded 3.5 percent in current,
which was apparent from orry Is¢sVoe data ut the
time. The array ouotpul in the disgram was revised
upward 2.7% on the basis of duda received rom solar
array tests 2 and 3. See section on solar array tests. The
revised diagram, Figure 24, was issued 20 July 1972, and
the flrst opportunity v test its validity was during o
HGAM on 7 August 1972, The following deseribes the
munner in which. the aecuracy of the diagram was cone
firmed, and It also illustrates the typical manner the
margin dingram was put to use to support the power
management of Mariner 9,

B. HGAM of 7 August 1972. The problem of the
7 August HGAM was to have the Marlsier 9 power sub-
system support a 9.5 hour science playback., With an
drray load of 368 watts and the array oriented 31.3 deg
from the sun, the loads appeared cestuin to require bat-
tery share. Also, it appeared the losds would reguire the
battery to discharge in excess of 18 amperediours, its
limit in operations during this mission phase. Since most

. of the recharge sequence that followed vecurred without

spacecraft telemetry surveillunde, the 18 amp-hr limit pro-
vided battery energy reserve in the event ol an unsehed-
uled need for battery energy when the spaceeraft wasn't
monitored. As an exaniple, loss of Canopus lock und the
resultant automatic rolt search could put the batlery
that possessad a fow chasge state, inlo share until a star
reference was again tegained. The plan was to iinimize
share during the 9.5 hour interval by diseretely removing
loads without jeopardizing playback, and the margin
disgram was put to use to effectively deal with the

_ problem in the following manner.

C. Margin Diagiam Parameters for HGAM, The margin
diagram, Figure 2.4, indicated the peak array cutput on
7 August:

1. would be aboul 400 watls normal to the
Sun. The first roll turn of the roll-yaw-rofl
manéuver for anlennu pointing \muld not
affect peak power

JPL Technical Memorandum 33-616




2.

3.

would be 319 watls after the yaw turn,
wien the spacecraft stricliires were ex-
pected to chadow & portion of two solar
panel sections.

would be 333 watts after the second roll
turn that completed the maneuver. A por-
tion of the array shadow was expected to
fall between two panels after the second roll
turn, and but one solar panel section was
expected to remaln somewhat shaded.

D. Managing Power for HGAM

- 2.

Battery Charger.  The battery eharger was
turned off to save about 30 watts at the
array, so that the total array load was
368.30 = 338 watts going into the yaw turn
on 7 August, During the yaw turn, negative
margin, (319-338) <098 =-19 walts, was
expected to cause share. Share did oceur ag
predicied. Boost pulses were seen in the
data, the consequence of a prior simulated
sun gate command, but no suecessiul boost
wis possible,

Data Automation Subsystenm.  Science data
playback Dbegari once the muneuver way
complete, to point the high gain antenna to
earth, and soon after, the DAS could be
turned off, ‘This Instrument had been on for

four days as a timing reference for selence -

data acquisition, and a minimum of ten
minutes of played back science data was
required to obtain an adequate sumpling
reference {or the DASDB picture timing

pulses, Turning DAS off after the ten minuie

period saved an additional 23 watts at the
array, and the margin diagram indicated the
resultant power margin would then be
333 -(338-23)/0.98 = +12 watls. Because of
the positive margin, and since the simulated
sun gate logic hed been commanded on, the
power subsystem would be expected to
immediately boost out of share upon the
receipt of the DAS off command, It did
during the actual sequence, and array power

- continued to support the science pluyback as

the spacecraft remained yawed off {he sun.

JPL Technical Memorandum 33-616

E. Another Cheek of Margin Diagram.

When the seience data playback was com
pleted, the spacecrall wis maneuvered fo
reacquire “the sun. The maneuver reversed
the order of the turns, so that the first
unwind roll turn again shadowed a portion
of two panels while the spacecraft was still
vawed from the sun veetor, This mancuver
provided another opporlunily to check the
aeeuricy of the diagrum, for ot thiy tioe
there would be zerp array power margin

(319-313/0.98 = 0), and share could again be -

expected. Share did vcenr for almost three
minutes after the completion of the first rell
unwind turn, and fasted unti! the subsequent
yaw unwind wien sufficiently rexcquited the
sun,

F. HGAM Results,

The battery discharged 0.5 nmps-hrs i about 18
minutes during the 7 August HGAM, and the balance of
the 9.5 lour selence playback was supported by array
power as planned.

2.7 BATTERY SUPPORT OF SUN OCCULTATIONS

Mariger 9 began its initial sun  occultation
sequence 2 April 1972 with a total penumbra pass
during which the battery didn’t diseliarge. Early umbra
oceultations began and ended with a peinmbra perjod
as long as 7 minutes, The penumbras Jasted shout 1.5
minutes for the subsequent oceuitations. The cclipse
period lengthened in duration progressively until o peal:
of about-98 minutes was reached on 21 April 1972, and
then progressively diminished, Figure 2-6. No data was
récorded during the peak oceultation period beeause the
Apollo 16 Mission bad priority for the Deep Space
Network support. The longest recorded occultation
interval occured during orbit 328 on 25 April 1972, 97
minutes of the 12 hour orbit.,” Caleulations based on
telemetry indicated the battery discharged 14.17 ampere-
hours in this eclipse, about 70% of rated eapacity, and
the deepest dischigrge recorded in the mission. Battery
performance because of this occultation is shown in Fig.
ure 2-7. The nighttime power profiles were constant,
although latér-dark periods in Figure 2-6 ars shown to

discharge the battery more than those baving aljnilsr

discharge periods earlier. Battery share.during lengthy
penumbras of'.the earlier occultationy account for the
discharge differences.
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Figure 2.6. Mariner 9 Battery Support During First Ocevttation Period 2 April to 3 June 1972

The time interval between start of high rate
recharge and transfer to low charge rate was empirically
derived during the mission, and was repedteilly shown to
be accurate, at times within two minutes, The formuli;

. amp-ht dischg -1
Tithe to low rate transfer = ___]L___g_. hours

2 umips

2.8 CIIANGES IN MARINER 9 BATTERY
PERFORMANCE

Starting 12 July 1972, 410 days itito the inission,the
charge potential, in low rate or trickle charge, began a slow
decline of 0.8 volts that ended 17 days later. It stabilized

2-12

at a lower potential (36.39 volts) until e second suit
oceultation interval, when the baitery recovered some of
the trickle charge potential loss. The voltage decrease is
thought to be the consequence of long term trickle

charge, and beeause of intervals when the battery remain
ed open cireult, The battery charger had been turhed off
for a number of periods, of up to four days each, because
of Hmited array power near iphelion that was reserved for
~ selence gathering sequences. Another apparent change of

battery performance oceured on 17 Qetober 1972, 506
days after start of the mission, and during a second Stn
occultation phase.. The battery no longer appeared to
follow the empirieally derived interval o low rate

JPL Technical Memorandum 33-616
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Figure 2-8, Solar Cell Standard Test Panel

dlong with the solar panels, where a factor was yielded
ro extrapolate the standard cell ground test data to space
performance, when the cells’ Table Mountain and
balloon performance were kﬂ.vl‘l.llt‘«.i Test data reduc

tion of the standard solar cells and solar panels include

' Results of the 1970 Balloon Flight Solar Cell Standard-

ato Progrs SR Gree ood | R N lle 2 s s .
ization Program I eenwood and R. L. Mueller Figure 2.9. Balloons Upon which Mariner 9 Solar Cell

JPL TR 32-1575 Standards were Tesled
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I an assumed auay-zener composite characleristic
Is drawn through the telemetered array operating point
on a given day, sume measwe is conveyed of the urray
performance. The operating point, however, Is just one
point on the characterdstics. A more accurate assessment
requires the drray characteristics to be defined by o
number of operating points on u given day, which s an
Introduction to a serfes of tesis conducted on Mariner 9
to eonflrm its predicled array characteristics.

B, Solar Areny Tests
These tests utilized spacecraft loads to vary the ar
ray operating point to have resuliant telemetry trace the
array characteristics, The tests provided a unique oppor-
tunity to evaluate the output of a Mariner solar array for

the first time i space, and to compare aetual with estis
mated neray performance. Test iesults shiowed good agree.
ment between the two, actual array peak power deviated
less than 3% from that estinated from ground eests daty
with added estimated array degiadation, see Table 26,

For cach of the Tour tests, it was possible with
load changes to trace the opetating point path up the
zener citaracteristics, and to puss Its intersection with the
array characteristics. Bul for solur array test (5AT) 2. 3,
and 4, array loads were availuble that were sulficientiy
lapge In magnitude on the day of the test to cause the
batlery to discharge and share the toad with the orray.
The array load causing share is the key to determine the
array peak power, but the array peak power in SAT |

Table 2-3, Mariner 9 Solar Areay Test No, 2 Telemetered Data

Tolal Battery
Array ~ Arrnay Array Discharge Battery Battery
Current, Voltoge, Load, Current, Voltage, Load,
Point* amperes volts watts amperes volts watts
t 10.58 3333 342.0 1.48 33.05 489
2 10.58 32,58 344.7 148 33.33 49.3
3 10.58 3263 3473 1.64 33.01 55.1
4 10.54 32.83 346.0 148 33.47 44,5
5 10.58 33.07 3499 1.64 33.75 554
6 10.54 33.32 52 1.48 34.02 503
7 10.54 : 33.87 353.8 148 34.30 50.8
8 10.54 33.81 3564 1.32 34.44 45.5
9 10.54 34.06 359.0 1.32 34.72 45.8
10 10.54 34,30 361.5 I,16 35.00 40.6
It - 10.54 34.53 303.9 116 35.14 40.8
12 10.54 34.79 366.7 1.16 3542 41.]
13 10,54 3504 3693 1.00 35.69 357
14 10.54 3528 371.8 1.00 3597 360
15 10.54 35.53 374.5 0.84 36.53 307
16 10.43 39.92 4164 - - -
17 10,38 40.27 4180 - - -
18 10.38 40.52 4206 - - -
149 991 43.90 4350 - - -
20 ) 9.90 43.78 4334 - - -
21 9,78 4425 43L9 - - -
22 9.64 44.37 4217 - - -
23 9.55 4472 427.1 - - -
24 9.46 4472 4230 - - -
*Points are plotted in Figure 210,
JPL Techiijeal Memorandum 33-616 2.15:
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Tahle 2.4, Mariner 9 Solar Areay Test No. 3 Telemetered Duta

Total Battery
Arrey Array Array Discharge Batlery Dattery
Current, Yoliage, Load, Current, Voltage, Load,
Point* amperes volts watls nmperes volts watls
| 9,68 33.07 319.5 |1 48 33,73 50.0
2 9.68 33.32 ans 148 34.02 50.3
3 9,64 3332 21.2 ].32 24.02 449
4 9.04 33.57 3236 1.32 34.16 45.1
3 9.64 33181 3259 1.32 344] 454
G, .64 34.06 3253 1.16 34.72 40.3
7 9,064 35.04 337.1 1.00 3500 35.0
8 8.76 4545 3976 - -
G 8,72 4545 3058 - - -
10 8.0 45,69 3925 - - -
11 8.52 45.69 3914 - - .
12 440 45.69 3834 - - -
13 8.20 - 4593 3764 s - -
14 792 4593 363.6 — - -
15 7.64 46,17 3527 e - -
16 7.60 46.17 3509 - = —
t7 7.1 46.17 3308 - - -
18 7.01 46.17 3235 - - -
19 6.97 46.17 ns - - -
20 6,93 46.17 3200 - - -
21 6,24 4641 289.6 - -
22 6.20 46.41 2884 - - -
*Points are plotted In Figure 2-11.

was too great for available spacecraft loads to overcome,
As the batlery discharged in shure In the last three tests,
its potential declined and generated additional operating
points to further define the arsay characteristic on the
short circuit current side of the maximum power point.

SAT No. 1 had been rescheduled to-be performed
a month sooner than originally planned to confirm the
predicted array performance béfore the first HGAM. The
maximum available spacecraft loads for the fest totaled
460 watts at the array. Test data indicated an accented
array potential decrease when the peak array load was
reached, indicating the operating point was near the

*Mariner 9 Solar Array Design, Manufacture and Per-

formance, B, A. Sequeira, undated.

JPL Technical Memoranduri 33-616

drray maximum power point, but the load was Insuffi-
cient to reach it. Bubsequent array tests were more
productive. '

1. Array Test Results. Figures 2-10, 2.11, and

2-12 show the estimated Mariner 9 array characteristics

as long-dushed curves for SAT 2, 3 and 4 respectively, The
estimated curves include 3.5% degradation in arrdy cur
tenit that appeared to have occurred before the first SAT,
and is estimated to have remained constant for the entire
serfes of tests. Estimated curves'show: ounly the array
charneterlstics. They do not include estimated. zener
pérformance, o as not to crowd the plot of actual data

of the array-zener charicteristics taken during the tests.

A solid curve passes through the array-zener composite
curve test data plotted in Figures 2-10, 2-11, and 2-12 {ab-
ulated in-Tables 2-3, 2-4, and 2-5 for-each of the tests.
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. Opernting Polnt Loeation,

1) With Respeet to Zener Operation. The uvpes-
ating point was relatively steady on the zener
churscteristics. Once the array Joad inereased
sufficiently to position the operating polut above
the zener characteristios, mul on to that of the ar.
risy, the politt ehanged significantly in current and
voltage with most telemetry commutations of
solar arroy currents and voltage, The operating
point apparent instability was due to activity that
was less evident with zener clamp. This activity
Included de heater eyeling, firing of jet valves, sub-
system  sturting transients, and DC power bus

ripple fmpaeted by the operaticn of the buovster
regututor, Tho senttered puoints werd cast gut 11 the
pocess of datu reduction, since the eiuse of
seatter was understood

2) “Astable” Operation, Points 16, 17 and 18 ia
Figure 2-10 wre unusual operating points that wese
never befure seen diring the opeeution of o
Mariner solar arrwy, and which provided valusble
fnsight for the areay curve shape. As with opera-
ton af the maximum power poinl of the srruy
characterlgtics, this operating ared was alto ¢ots
sldeved astable, down to the elamping pofential of
the battery. However, the operating point dwelled

Table 2-5, Mariner 9 Solar Array Test No, 4 Telemetered Data

Totad Battery
Array Arrpy Array Discharge Battery Battery
Current Voltage, Load, Current, Voitage, Load,
Point* amperes volts witls amperes vults watls
1 9.32 32.58 303.6 1.90 33.33 05.3
2 9.32 J2.70 304.8 1.32 33.33 440
3 9.36 3283 307.3 0.17 33.33 5.7
4 932 32.83 306.0 L.64 33.61 Sb d
5 932 33.07 308.2 1.32 33,75 44,6
0 9,32 33.20 309.4 1.32 B389 44.7
7 %32 3132 3108 Lo 34.02 5548
8 932 33.57 3129 1.64 34.30 36.2
] 9.32 33.81 315.1 1.48 34.58 51.2
10 9.32 34.06 3174 1.48 34.588 1.2
11 9.32 34.30 g .16 35.00 40.6
12 9.32 34.55 3220 1.00 3528 353
13 9.32 34.79 3242 0.54 3542 208
14 848 45.21- 3834 - - -
15 8.30 45.2) 3780 - =
16 8.36 45.33 370.0 e -
17 B.36 4545 a6l.6 -~
18 788 4593 361.9 e - &
19 7.44 45.93 341.7 -
20 7.13 46.17 329.2 - - =
21 6.77 4641 3142 - - -
22 674 40,17 311.2 - - -
23 6.70 46.17 3093 - = -
24 6.12 4641 284.0 — -
25 5.36 46.65 2500 == - -
206 532 46,65 248.2 = = —
27 528 46.65 463 = - -

~ *Points are plotted in Figure 212,
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Figure 213, Array Load Causing Share in Solar Array Test No. 3

fu this *astable™ ares for 97 seconds during SAT

No. 2 to again demonstrate that operition in this

area was at Jeast marginally stable, possibly due to

automatis array load desrease with declining array
potential, The array load apparently reached equi-
librium fot the short interval al the potential of
these points, after the power requirements of the
buttery charger and de heaters decreased with
array potentinl. The arruy had been seen to opers
ate § minwtes in this area during operations on

11 October 1971, and again for about ) seconds

during SAT No. 4, und for shorler intervals during

some spaveeralt operalions.

b. Maxiinum Paower Point Determination, The
maximum power point of the characterisilcs is not a
directly determined telemetered operating point during
the tests, since it Isn’t possible {o operate ut the
‘maximum power point, Its magnitude was determined
indirectly with the magnitude of the array load required
to attaln the share condition. A serdes of commanded
load inicreases during the test build the operating points
toward peak srray power, and share was caused when
the’ array loads exceeded tho array peak power. In the
test sequence, the smallest loads were reserved for the

IPL Technical Memorandum 33-616

end. of the series to vbtain good resolution for that arriy
load causing share. Resolution was then Improved by
causing share once again’ with a slightly different series
of loads. The load series chinged with ench SAT becinse
of changes in the airay churagteristies. Figure 2-13 illus-
trates the method with the two load series used in SAT
No. 3. After the srray load was brought (o 395.8 walls
without share duting the first array loading pass in SAT
No. 3, share was obtained when the 5.1 watl data

storage subsystem was tuened on, The array load causing

share, therefore, was between 3958 wuatts and 4009
watts, from this seres. However, the next array loading

“series got o 397.6 watts without caosiip share. Accord-

ingly, the array load causing share lay between 397.6
and 4009 watls, For SAT No. 2 the load was between
4242 und 429.8 watts, and for SAT No. 4, between
383.4 and 3854 watts. Internal to the powér subsystein
there iy an udditional load seen by the array. This is the
powet ripple on the de power bus because of the opera-
tion of the booster reguiator. To compenssie for the
effects of ripple power, two pércent of the arrayload was
added to the load to more closely approximate the maxi-
mum load seen by the array that caused the shure

~ condition,

0
P4
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2. Mariner 9 Solar Areay Test Conclusions

LY

- L T g =R e

Solar occultations caused no artay

degradution
SAT Nu. 2 was performed just belfore e
starl of 124 solar oceultations that s esti-
mated to have caused the array temperature
to fall as low ag +157.8 deg C (252 deg F)
during the worst case eclipse period. Tt was
possible that these aredy temperature excur-
sions could eause array degradation, but SAT
No. 3, that was performed at the end of thie
sun  oceultation perod, disclosed little
evideniee of array degradation, Table 2-6
summiarizes the waximum drray power
points and magnitudes obtained from the
tests, und the deviations from the estimated
magnitudes. From SAT No. 2 data, it shows
the array to possess a maximun power 2.8%
greater than estimated on the test day. and
2,55 greater after SAT No. 3. The 0.3%
decline is not thought to jndicate meaningiul
degraduation,
Last SAT Indicates Degradation
However, o significant array peak power
decrense did oceur between SAT 3 und 4
over a period of 119 days. [t declined from
2,59 above estimute to 0.285 above estimate,
Tuble 2-6. Apparent array deprndation may
be due to the enustal solar fare aetivity the
first and second week of August, 1972,
These were among the mosl infense ever
recorded at earth. Low energy proton flux
of sufficient mugnitude at Mars may have

caused some prray domage. To reach Mats,
the flux would liuve bad o be eniltted trom
solar Mates soureed wl wreas of the sun
upseen from earth, Althotgh unexpected’
during the Mariner 9 Mission, the SAT 4
data wlso appear to indivate thut the veness |
intersected the upay curve on fhe short -
clrenit side of the maximum power point of ' /
the array, 11 this oceurmed, it would effec-
tvely reduce available arvay power, and ‘\
could also account for the array poewer
testing ut lower magnifude without wrray
degeadatfon. It may be both reasoas. Radia-
tion dumage may have reduced drray power
sufficiently to cuuse the zener curve to
Inlerseet the areay curve {6 this manner,
Mariner 9 Areay I-V Curve Shape
1} Dats Conflidencevs Corve Shape. Artay
output power magnitude varied with
the spacecralt heliocentric distunce, but
the shape of the -V curve deseribing
ihe array charactéristics was expected
to remain unehanged for a normdlly op-
erating array. Estitnated agray LV ¢hure
neteristies possessed the same shape Tor
sach SAT, and cotves drawn through
the test data points for SATs 2,3 and 4
also had the same shape. This lact
further reinforced confidence in the
data, The results of the 7 August 1972
HGAM, discussed in Section 2.6, had
already demonstrated the reliability of
the flight solar artay performance dadi
obtained during SAT 2 and 3. Only 4

Table 26, Array Maximin: Power Points Determined by
Mariner 9 Solar Array Tests (SAT)

. Moriner9 Aray Muximwro PowerPeint
Armay Corrent, o Array Yoltnge, v Array Power, watts L
5 3 . : ) Y Ty
sat | DM Bgtimoted | Actunl | Estimated | Actual | Estimated | Actum | e Deviation
1972 ; from Estimatey
l 29 Feb 10,34 . 424 . 449 “460* 1244
2 29 Mar 10.00 10012 428 43.4 421 439 +2.8
3 5 Jun 9,12 9,22 438 44,4 39y 409 +2.5
4 20ct .91 8.88 44.1 44.4 393 394 +0.2

HMaximtirn arpay load, maximum areasy cipability not evaluated.

JPL. Technical Memorandl'l’m 33616
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small portion of the array 1.V eurve
wis oblained in SAT No., 1, and it is
omitted from this report,

2)  Estimated vs Actual Corve Shapes. Ta-
ble 2:0 shows estinmted maximum
power points (o be almost 346 less than
that obtained in SATs 2 und 3. Fig
ures 210, 211 and 2-12 show estimates
of the short cireuit current tu be greater
than actual, and this portion of the
curve was estimated to have had preater
slope than displayed in the test data.
The actual zener portion of the [V
curves were near estimates,

Other Conclustons

‘The elfort to explore as much as possible of

the grray chargeletistics by increasing arnid
decreasing loads provided an opportunity to
investigate the mechanisim of gettlng into
and opt of shaie, Sinilur testy on grovnd
using the solar array would be futile because

of the inabjlity. to duplicate conditions of

space, and would be futile without the areay
because of inadequate simulation of the
drray-zener composite charaeteristics,

1)  Spontancous Share Transfer. After the
hattery was sharing the spacecraft loud
with the array in SAT 3, spacecralt
lomls were sequentially turned off,
The hoost converter unit was deliber-
ately inhibited, The goal was to deter
mine to what extent below the array
maximum power level the array loads
must be reduced to permit the system
te transfer from the share mode to
operations solely on the array without
boost converter pulses. Spontaneous
transfer was theoretically possible, and
demonsirated during ground tests but
with inadequate test conditions. It was
never before tested in sphce. Space-
craft loads were reduced # tofal of 84
witts below the array Pmax before the
next load reduction of 8 watts spon-
tapeously transferred the operating
point, The array loads that caused
transfer directly relates to the relative
battery and array characteristics at the
time of the test.

JPL ’[‘cchnical.Mcmorandum 33616

2)  Boost_Converter  Preventing Share.

Also i1 SAT 2, s might be experied,
the system wem inio finiediste share
when the sdjusted array lead equaled
the maximum power point of the
array. The boust converter was inlidb-
ited at the time. Howover, an unsus-
peeted delicate balance wis revealed
under the conditions of SAT 2, whei
the boost converter wag enabled with
the same load profile, and the oper-
ating polnt boosted fnunedialely oyt
of share,

2,10 POWER SUBSYSTEM ASSISTS

The Mariner 9 power subsystem aided in the
detection and solution of 2 number of investipations
during the mission. Some of these:

A,

B,

IRIS DC Henter Duty Cyeling, The MM'73
Infrared Interterometer Spectrometer Sul-
system (IRIS) possessed iwo thermostati-
cally controlled de  heaters, one for ity
optics, and one for the black body unit.

After launch, the opties’ heater duty cycle

was about 84% on, and that of the black
body heater was 100% on. It was a twi cyele
patlern with the optics’ heater eyeling on and
off. Starting 23 duys after laumch, tlie de
heater cyele pattern changed abruptly to
four levels, Tnvestigailon by the power sub-
systemn showed the black body heater to be
cyeling, and thai the four levels indieated
elther the bluck body heater wis on alone,
or that the optics heater was on alone, or
both were on, or off, About 45 duys hud
been expected to elapse atter launeh hutmc
the bluck budy heater cycled. ‘

Sean Platform Hit Stop, On 29 November
TOTT, the sean platform was fnadvertently
driven into its lower meehanieal stop dlong
fts cone nxis, and held there for about ong
hour, The sequence was caused by a4 come
mand processor inadvertently being set into
its calibrate positton 45 commands were
fssued to the spacecraft to have the platform

‘move away [roni its stop. These commands

were not received by the spacecrafi, but
subsequent commands moving the platform
in the direction toward the stop were re-
ceived, causing the problem. The stop wits

2-23




hit during an RES blackout period fasting 35
minutes 8§ the spacecralt moved info a
portion of Its trajectory that passed behind
Mars out of earth’s view. It is assumed the
cluteh slipped until its stip torque increased

sufficlently to stall the motor, 4 desired

fuil-safe condition, The two watt decrease in
scan motor power seert by the power sub-
system, as the platform was moved from the
stop position, appeared to confirm the stall
condition bad been achieved, No platform
positioning  damige or degradation was
observed afterwards.

TWTA No. 2 Failure. The Mariner 9 power
subsystem also contributed to the selection
of one of a number of eandkiate model
failure modes of the TWTA No. 2 unit, This
unit failed 7 December 1971, again as the
spacecraft was in RFS occultation, It had
entered occultation performing normally,
but exited performing anomalously in a
nuimber of wuys., Among these were thal the
RFS electronics bay lemperatute  wis
increasing, and that the power subsysiem
noted the de input powet to the TWTA had
ncreased 24.2 watts, It was primarily upon
the input power ncrease to the TWTA that
TWTA cathode [movement toward the
TWTA anode was §-2cted us the most likely
failure mode, This ssovement was thought
possible if ¢ weld had broken in one leg of

the tripod cathode support structure in the
travelling wave tube.

2.11 END OF MISSION

i o
Marinet 9 entered into a second seriss of sun

oceultations starting on § Qctober 1972, snd extending
to March, 1973, Eclipses were all about 20 minutes in
duration, and to 2 large extent occurted simultaneously
with RFS occultations that severely limited engineering
data acquisition. The Maririer 9 battery had supported
38 oceultdtions of the latest series when the attitude
control gas depleted on 27 October 1972, The mission
ended after 516 days with the exhaustion of this gas
supply. During the total mission, the Mariner 9 battery
discharged 176 times. A summary of the spaceeraft

battery activity is shown in Table 2-7. Total accumulated
CC&S clock .érror fo the last day of the mission was
+57.5 seconds, which approximates the total net fre-

quency error of the 2.4 klz inverter during the 516 day
mission having 12,379 operating hours.

224

2.12 MM'71 PROBLEM/IFAILURE REPORTS

I
i

Mariner Mars 1971 power subaystemi PER's are
surmmarized in Table 12. The sunimary shows 3 total of

57 were written for MM*71 vs 64 for MM'69. Over 50%0 ©

of the MM’71 PFR’s regarded problems in testing hards
ware, compared to but 25% in MM'69. Althougly there
were more than twice the component faitures on MM*71

Uitn MM'69, there were almost one-fonrtl) the PER’
that required mujor redesign. Accidental component
damage or stress, and PFR's having unknown eauses,

were about the same for both programs. The PFR
numbeis noted in the table refer to PFR's on file in the
spucecralt relizbility section at JPL,

2,13 RECOMMENDATIONS

The following ate recommendations that may
prove useful for future spacecrait design.

i.  Battery Charger Desigin,

#.  Charger Operation, The MM’71 bit-

tery charger design was susceptible to
undesirable modes of operation that
were the basls of & number of PER%
writien during the pround test phase,
Undesired teansfers occurred  from
high te low rife charge mode, and
internal logic at times prevented desir-
able transters. Spacecraft operations
during the mission were constrained,
and extra comands were required on
occasion to prevent the charger logic
from locking in ligh rate, and possibly
jeopardizing the battery. The recomn.
mendation liere is that undesirable side
effects of charger operation  be
thoroughly probed and corrected
biefore design freeze. I should be
noted that the idiosynerastes were weli
understood, and that simple cammand
procedures could correct a lockup
state had §¢ oceurred.

b.  Charger Potential Drop Required For

- Full Charge Rate, The batiery charger
in low rate mode didn’t attain its
Jimiting low charge rate of 0.614 amps
until 85 days of the mission had
elupsed, and until the potentlal across

JPL Technicat Memorandum 33-616
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Table 2.7, Mariner 9 Battery Cycle History. The battery discharged 176 times during the total mission.

Mariner 9 Event

Launch

Midcourse Maneuver

Murs Orbit Insertion

Qrbit Trim No, |

Orbit Trim No. 2

Solar Asray Test No. 2

Solar Qceultation Sequence No. 1 (124 cycles)
HGAM plus Solar Array Test No. 3
High Galti Antenna Maneuver ([HGAM)
HGAM

HGAM

HGAM

HGAM

HGAM

HGAM

Solar Array Test No. 4

Solar Occultation Sequence No, 2 (38 cycles)

Date Discharge, ah
30 May 1971 870
4 June None
13 November 6.34
15 November 44
31 December 3,004
29 March 1972 4.32
2 Aprto 3 June 14,17 (peak)
3 June 4.30
12 June 1.3
16 June 1.6
19 June 1.6
23 June 447
26 June 4.77
30 June 6.68
7 August 0.5
2 Qctober 3.39
5 Oct to 27 Oct? 3.9%

*Estimated

% ast day of mission, depletion of attltude control gas supply.

P

the charger rose to 5.9 volts. A thore
desirable design would have effeciive
voltage drop across the charger fo
achieve full charge rate reduced fo &
much smaller potential. Trickle charge
would then be effective earlier in the
mission. More importantly, a difficult
array design tradeoff would be simpli-
fied for the solar cejt series vs parallel
arrgngement with d decreased poten.
tial drop requiremént across  the
charger, The tradeoff regards charging
the battery near earth, array output

power al Mars, and also array potential

at Mars.

JPL Technical Memorandum 33-616

The seres length of the solar cells in
the darray design is fargely determined
by ‘the charger potential drop require.

ment during the near-carth phase of

the misston, when the array operutes
warm, The array operiting potential is

fower when it's warm, so that the

series length of the solar ceils must be
" increased to accommaodate the needs
of the charger. Operating colder near
Mars, the Inereased solar cell series
léngth serves to raise the array poten-
tial too high. It is then limited by the
array zeners to rotentials used by the

- system. See relswnmendation for array -
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zener diode design  below, Zeners
fimited the array potential about
month before Mars encounder, and
virtwally the entire midssion thesealter,
during the missfons ol Mariners 6, 7
and Y.

Decreased charger potentinl drop tor
charge rate finmiting, decreases the
nunber of soldr ¢ells required in series
near earth, ad could permit instead
additional paraliel sotar cell strings to
be incorporated into the glven solar
panel died, [nereased number ol paral-
lel strings increases the avaifable array
power ai Mars, which s the most
favorable design tradealT.

Array Zener Diodes, The agray zeners started

limiting 27 days prior to Mars encounter, al
a de power bus potential of 45.4 volts. The
Zener cireuit serves to limit the input potens
tial to the beoster regulator below that of
the regulator output of 56 volts, since the
regulator st desipned to operade at inpul
potentialy higher than its ~atput. Bul per-
haps the zener circuit needn’t be designed to
Jimit the de power bus at so low a potential,
and have it still meet the booster regulstor
desipn reguirements Lo maintain loop stabil-
ity, If the zener cutolT potential could be
raised:

a.  Zener Dependence. The time zeners lim-
it would be reduced in the mission, since
the time they limit would be delayed
and the Hime they cease limiting would
be ndvaneed. Zener current densitics
would slso diminisli at given helio-
centric  distances. Thus raising the
zener cutolT polential would be in
consonance with sound design for
space application to reduce to a mini-
mum current carrying paths and cur-
rent densitles.

b,  Clipping Aray Maximum Power.
There is telemotry evidence indicating
thet the zener diode charseleristies
infersected the array characteristics on
the short cireuit current side of the
array. maximum power paint for a two

JPL Technical Memorandum 33-616

3.

4.

5

6.

mionth pedod  seus aphelivn. Muxi-
mum pawer point clipping 6 s
mangier meng the Zener eluneteistivy
effectively reduced the grdy power
output for die spacecradt dusing i
initerval, and @ review of the uiray
zener cireuit desipn could prevent this
ogenrring in future spicecrait.

Solur Array Power vs Spacecraft Loady.
Science gathering wus brought o o halt
duidng the sun occultation phuses, The
spacecraft foads und solae areay should be so
siced vy to permit shoultaneous operation of
the high rate chirger und svience, so that
science dita retrieval could be extendad.

Effects of Boosting, Much eflort was
expended 1o avoid selence yecording or
playback sequences al times boost pulses
ngy have occurred, It wuas suspected the
boost pulses may have interfered, but this
never was confitmed durdng the mission
since the penally was possible dati logs.
Boust pulses prevented DAS timing pulses
[rom ncrementing properly during the miy-
sion, however. No formal investigaiion of
possible interference was performed diring
ground tests, a lupse that slould be temedied
in fulure programs.

Load Tests. Hach flight spacectait should
have documented in the spacecraft assembly
facility the measured power requirement of
gachi subsystem, In thie most frequent oper-
ating modes. This would better énable the
power subsystem to confitm proper opera
tion, and to record possible drift in power
requirements during the mission. This datd
record was completed in MM'69. but only
the PTM was so tested in MM'71.

Antenna Orientation, High pgain antenna
articulation desigr atiaining greut&jﬁ orienta-
tion capability in future dexigns would elimi-
"nate mch of the maneuvering, gas consuiap-
tion, and the power management that
attended high gain antenna pointing manen-
vers in MM'71. ‘

T I
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7.

Emergency Commands

g, Celestial Renequisition, The emer-

geney  reacqulsition  comimand  on
MM'71, DC.13, was associated with
the possibility of a single fallure that
could halt the misslon. The command
fnitiates reacquisition of Canopus and
the Sun should a problem oceur during
a maneuver, If the failure oceurred, no
future maneuvers could be performed.
An emergeney commiand of this nature
Is & requirement on a spacecraft. From
the power subsysiem view, it could
efficiently terminate o maneuver,
which for some unexpeeted reason is
criticatly dratning the battery, How.
ever, i command of this nature should
be designed free of prospeets of addi.
tional eritical spaceeraft problems iF
nsed.,

Power Profile Restoration, The mecls
anlzation of ene coimmuhd would be
valuable in future missions that could
be Issued o the CCS to restore the
spacecraft power profile to o pres
selected  power configuration. One
such command would have been useful
on September 27, 1972 when the first

8.

90

10,

attempt for SAT Nu.d vay aborted.
The beost converter wat infbited, and
the DAS wnd IRIS had been come
tnanided on to start the test when a
DSN 14 transmitter power  supply
broke down. This left the spacecralt
vitlnerable for hours to possible loss.l, /
until reconfigured by individual come § |
munds from another station some time y/
later. Repetitive txsuafice ol one coni-
mand o the CC&S would have been |
more efficient, '

Solar Array Calibration, Future pissons
should have us standurd operaying procedure,
tests to confirm solur array pérdfonmsnce
predictions,

Telemetry Voltage Standard, “Fhere is always ‘
a question regarding the spacecraft power ‘
profile, whether some change may be due to y
drift in some potential level in the spacecratt "
téleinetry subsysters, A vollage standard
routinely  commutated  and  telemetered ‘;‘;‘
cotld add contidence to data obtained aver 1
long intervals.

International Units. Temperatare telemetry 4
should be ealibrated in °C rather than °F.

H

JPL, Technical Memorandum 33-616
NASA — JpL —~ Coml., L.A., Calil.
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