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ABSTRACT 

The power supply system employed in the TIROS satelli te is 
discussed systemwise and in detail . F i r s t it is shown how the system 
performance requirements influenced power-supply design and the r -
mal control methods. Detailed discussion covers the problems of 
thermal control, solar collector orientation with respect to the sun 
vector , the method of mounting solar cel ls to the vehicle surface, 
the electr ical ar rangement of the so lar -ce l l c i rcui t ry , the solar -ce l l 
testing program, and the design factors employed in determining the 
size and shape of the solar collector. The storage battery is d i s -
cussed with references to the battery testing p rogram, electr ical 
charac ter i s t ics of the bat tery , and the basic factors which governed 
the battery design. Protective and regulatory circuit functions and 
specifications a re given. Pert inent design specifications a re p r o -
vided in each of the a reas discussed. Data is given on the per form-
ance in orbit of the solar ce l l s , ba t t e r i e s , and thermal control. In 
addition there is a discussion of the factors affecting spatial or ien-
tation of the TIROS satellite in orbit . Graphical evidence is p r o -
vided showing how telemetered solar -ce l l data compared with com-
puted data on the satel l i te- to-sun orientation. 
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INTRODUCTION 

Early systems concepts for the TIROS I meteorological s a t -
ellite were much s impler than those incorporated in the vehicle 
launched on April i , i960. The basic function of the satelli te was to 
take television pictures of the e a r t h ' s cloud cover and relay them 
back to ear th , ei ther directly or after a commanded time interval . 

It was decided to have no unfolding, latching or extending 
mechanisms on this early-generat ion satel l i te . This meant that the 
solar -ce l l power supply had to be par t of the fixed skin which covered 
the vehicle instrumentation. It was also decided that the satell i te 
should be cylindrical in shape and spin-stabilized with a disc-shaped 
mass distribution, so that it would continue to spin about its figure 
axis . Fur the rmore , all thermal control1 was to be passive and was 
to be achieved in the design by the selection of proper mater ia ls to 
obtain optimum thermal charac ter i s t ics for the fixed outer surface, 
and by the thermal inertia and coupling of the overall system. 

As the system concept became more involved and additional 
power-consuming equipments were added, it became evident that 
the maximum envelope allowable by the launching rocket would d e -
termine the total so lar -ce l l power capability. The design of the 
power supply2 was complicated by the fact that the output power of a 
tight-fitting solar-cel l collector is a function of a r ea , while equip-
ment power requirements a re roughly a function of volume. As 
equipments were added the collector surface began to enclose a p r o -
gressively grea ter volume than that of the equipment it was to power. 
The total vehicle equipment power requirements increased until the 
solar collector required an a rea which enclosed all the volume that 
the nose shroud of the launching vehicle would allow. 

An ea r l i e r decision on the TIROS I operational regime had 
fortunately lifted the res t ra in t s on the addition of power-consuming 
hardware. This decision allowed for a portion of the equipments, 
such as cameras and tape r e c o r d e r s , to be programmed from the 
ground for immediate or delayed execution of commands, and for 
variable durations, making it possible to obtain an infinite number of 
power v s . t ime profiles and thus permitt ing the power supply output 
to vary considerably. The resul t of these conditions was to place 
res t r ic t ions on the duty cycle of the instrumentation ra ther than on 
the functions it performed. 

It was also decided that the 300 pictures per day (associated 
with the 20-watt orbi t-averaged power form the s ize-l imited 
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cylindrical collector and storage system) represented a sufficient 
amount of information per day to be meaningful to meteorologists . 

PRELIMINARY CONSIDERATIONS 

The general location of the solar cells on the TIROS "hat" 
was determined by the optimum position of the cameras for picture 
taking. (The cameras can take good pictures only when the sun is 
behind them and when they a re pointed toward the ear th . ) With both 
camera axes parallel to the spin axis and both pointing in the same 
direction, the solar cells should cover the flat top surface of the 
cylinder behind the cameras . Since the s u n ' s rays can be consider-
ably off-parallel with the camera axes for good earth p ic tures , it 
became necessary to cover the la teral surface of the cylinder with 
solar ce l l s , in order to maintain a less-fluctuating projected a rea . 
There was no need to cover the bottom flat surface with solar ce l l s , 
because if they were illuminated the sun would be looking into the 
c a m e r a s , rendering the satell i te temporar i ly inoperative. 

Because the solar cells cover a great proportion of the top 
and sides of the cylinder, which face the sun, their thermal surface 
propert ies (solar absorptivity and infra-red emissivity) heavily in-
fluence the mean temperature of the components within. Thermal 
analysis determined a required value of a/ e rat io of around i . 0 with 
€ of 0. 85. Three paral lel development p rograms were s tar ted to 
develop coatings for the solar ce l l s , (whose ba re a/e rat io is between 
2 and 3) to br ing the emissivity from around 0. 3 up and equal to their 
absorptivity of 0. 9. Transparent p las t i cs , vacuum-deposited inor-
ganics, and bonded t ransparent covers were all investigated. The 
organic plast ics alone were dropped for radiation and vacuum-sens i -
tivity reasons . A development program with a leading optical f irm 
had not yielded either sufficient sensi t ive-region t ransparency or 
high enough emissivity in time for the decision on coating mater ia l s . 
The resul t was the selection of the now-familiar , bonded "Micro-
sheet" glass platelet coating, using a vacuum-deposited blue reflector 
coating on the glass to protect the t ransparent epoxy adhesive from 
darkening in the ul tra-violet and near ul t ra-violet , as well as an ant i -
reflective coating to maximize solar t ransmiss ion at the c e l l ' s peak 
response wavelength of 0. 8 microns . Some t ime after this coating 
had been selected, the vacuum-deposition program yielded a direct 
coating of S i02 _ Si 2 03 on the solar ce l l s , which dropped the electr ical 
output power of the solar cells no more than 3%, while ra is ing the e m -
issivity to 0. 8-to-0. 85. The blue reflector coating has the advantage 
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over the direct emissivity coatings of permitt ing some variation in 
net absorptivity, with the fixed emissivity of the glass . On the other 
hand, the direct emissivity coating permi ts a variable value of e as 
a function of thickness, and, as recently disclosed, can be augmented 
with a mult i- layer blue reflector which gives the flexibility of varying 
both a and c, and permi ts darkside as well as i l luminated-side the r -
mal control. The thermal performance of TIROS in orbit was within 
5°C of the temperatures predicted for the actual launch condition. 

Because the silicon solar cells a re located on the top and 
lateral surfaces of the cylindrically shaped TIROS s t ructure (see 
Fig. i ) , the total instantaneous active silicon a rea projected normal 
to the s u n ' s rays determines the power collecting capabilities of the 
satel l i te . This a rea is expressed in t e rms of the angle between the 
s u n ' s rays and the satellite spin ax is , refer red to henceforth as the 
angle alpha, and the silicon a rea on the top and lateral surfaces. 
Thus, if alpha is zero only the top is illuminated and at an alpha 
value of 90° only the la teral a rea is illuminated. Maximum instan-
taneous solar cell output is derived at alpha equal to about 45°. 

The original concept of the TIROS system was to place in 
orbit a spin-stabilized satellite whose spin axis orientation remained 
essentially fixed in inertial space as the satelli te orbited the ear th 
and as the orbit p recessed in space. 3>4 Prelaunch calculations dem-
onstrated that the effect of differential gravity would per turb the spin 
axis only slightly. Fur ther investigation indicated that eddy currents 
in the satelli te s t ructure and the presence of soft iron in the satelli te 
would similarly affect the orientation. Under these conditions the 
major variation in alpha is attributed to the relative motion of the 
sun and spin axis as the satell i te t ravels with the earth in the yearly 
orbit of the ear th about the sun. For the pre-se lec ted spin axis o r i -
entation, the time of year and time of day of launch were to be chosen 
so that during the initial three months of satelli te life, alpha would 
be favorable for television coverage of the ear th , and for power 
collection and conversion. 

Immediately after launch pictorial and attitude information 
obtained from TIROS showed a grea ter perturbation in alpha than 
was formerly predicted. The perturbation was caused by the in te r -
action of the e a r t h ' s magnetic field and the magnetic fields set up by 
current loops in the maze of satellite wiring. Calculations were p e r -
formed to determine the magnitude of this magnetic dipole of the 
satellite and the resul ts employed to predict future variations in 
alpha. Although alpha varied in a manner different than originally 

52 



SPACE POWER SYSTEMS 

predicted, its magnitude was such that illumination conditions of the 
earth and the spin axis orientation for television coverage and solar 
energy collection remained favorable during the useful life of the 
satel l i te . Additional information concerning alpha will be presented 
below in the mater ia l covering the post launch performance of TIROS. 

SILICON SOLAR-CELL ENERGY CONVERTER 

The basic power supply of the TIROS I consists of a silicon 
solar-cel l energy converter , a storage bat tery , a charge current 
l imi ter , and a voltage regulator . The silicon solar cell energy con-
ver te r is an assemblage of approximately 9200 silicon solar cells 
which converts solar radiation energy into electr ical energy during 
orbital daylight. The solar cell output divides between supplying the 
equipment loads and charging the storage bat tery. When peak equip-
ment loads exceed the solar cell capacity all of the output of the solar 
cells is supplied to the load and none is supplied to the bat ter ies for 
s torage. During the orbital night, when the solar cells a r e pass ive , 
silicon diodes in each se r ies row of solar cells (see Fig. 2) prevent 
the storage ba t te r ies from discharging into the solar ce l l s . Another 
s imilar function is played by diodes in each se r i e s row of solar cells 
which a re located on the lateral surface of the satel l i te . Because the 
satellite spins about its figure axis each se r i e s row of solar cells on 
the la teral surface is alternately illuminated and then darkened. The 
silicon diodes prevent the solar cell rows, which a r e darkened, from 
loading the illuminated rows. 

The table below summar izes some of the more important de -
sign features of the solar a r r ay : 

Location Top Side Total 

Number of Solar Cells 3560 5560 9120 

Square feet of active silicon 
area 6.90 10.8 17.7 

The solar collector includes solar ce l l s , with bonded glass 
covers , adhesives, standoffs, diodes, wiring, and module boards , 
but excludes the aluminum surface which was par t of the s t ruc ture . 
Its weight is 24. 5 pounds. 

The side and top surfaces of the satelli te were almost com-
pletely covered with solar cells to take full advantage of the variation 
of orientation of the vehicle spin axis and the sun vector . The solar 
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cells used were manufactured by the International Rectifier Corpo-
ration. They a r e 1 x 2 centimeter boron doped silicon, assembled 
in a shingle form. The shingle comprised 5 of these individual cells 
in s e r i e s . A minimum conversion efficiency of 7. 5% at a voltage of 
1. 95 volts plus or minus 5% in voltage at a temperature of 30°C plus 
or minus 3°C is specified for the basic shingle. Each individual cell 
of the 5-cell group has a t ransparent coating bonded to it which grea t -
ly improyes the thermal emissivity of an uncoated cell . This permi ts 
radiative self-cooling in the spectral region corresponding to the 
desired cell t empera ture . The coating consists of a platelet of 
"microsheet" glass 0. 006 inches thick, which is coated with an optical, 
vacuum-deposited coating. The upper, or outer surface, has an 
anti-reflective coating which permi ts the maximum transmiss ion of 
light in the 800 mill imicron range, where the solar cells a re most 
responsive. The inner, or lower surface, has a 15 layer , sharp cut-
off reflector coating which reflects and absorbs all light of wave-
length shor ter than 450 mil l imicrons and t ransmi ts 90 to 95% of the 
wavelengths over 450 mill imicrons and beyond the solar cells upper 
response l imit of 1100 mil l imicrons. The platelets a re bonded to the 
individual cells with a t ransparent epoxy adhesive. 

Two small copper t abs , one on the positive s t r ip of the f i rs t 
cel l , and one on the negative underside of the fifth cell were used to 
enable simple and reliable interconnections of the shingles. A flat, 
compact epoxy fiberglass board, was used as the basic building black 
to simplify the handling and assembly techniques. This board r e -
ferred to hereafter as a module, had imbedded copper wiring or 
printed circuitry so that the solar cell shingles mounted on the module 
could be se r i e s connected. Two module boards with shingles mounted 
a re shown in Fig. 3. For the operating temperature predicted and 
the load voltage required, 80 cells or sixteen 5-cell shingles were 
needed in s e r i e s . 

The sixteen solar cell shingles a re mounted on the module 
boards with a low-temperature cure , s c r im cloth epoxy adhesive of 
uniform thickness. Shallow wells and locating holes accurately po-
sition the shingles on the module board. The copper tabs of the 
bonded shingles a re carefully soldered to the module printed c i rcui t ry . 
In addition, paralleling tabs a re provided in the module so that every 
se r i e s set of four shingles may be paral leled. A module is 3.4 x 
7. 5 inches, weighs 80 g r a m s , and has an electr ical output of 32 to 
38 mil l iamperes at 28 to 32 volts at solar intensity of 100 m w / c m 2 

normal incidence. (All figures a r e approximate.) 
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The module boards a re paralleled in c lus ters of four, and 
a re electrically connected to one another at the one-quar ter , one-
half, and th ree-quar te r voltage points, corresponding to 20, 40, 60, 
and 80 cells in s e r i e s . This method of interconnection tends to min-
imize the loss of solar converter output in the event of failure r e -
sulting from open or short c ircui ts in one shingle. 

The top surface of the TIROS "cylinder" was very efficiently 
packed with these modules. The modules were bonded directly to 
the vehicle skin in electr ical groups of four with the aforementioned 
sc r im cloth epoxy adhesive. The la teral a rea of the satell i te was 
modified from a continuous curved surface to eighteen flat panels to 
enable s impler mounting of the modules. Four module boards were 
epoxy bonded to each aluminum panel, and these panels were then 
bolted to the aluminum vehicle f rame. 

The solar cell testing program undertaken was quite extensive. 
An indoor light testing fixture was built that permit ted great quantities 
of five-cell shingles to be tested. At a controlled tempera ture and 
uniform light intensity, the pertinent charac ter i s t ics of the shingles 
were recorded: namely, shor t -c i rcui t cur ren t , open-circuit voltage, 
and conversion efficiency at various voltages. With this information, 
the shingles were catalogued and sorted. By judicious matching of 
these charac te r i s t i c s , each shingle was assigned to a specific module. 
After the module assembly operation, these units were light tested 
and the same charac ter i s t ics as for the individual shingles were r e -
corded. Again, the module charac ter i s t ics determined the proper 
matching for the panel assembly. Following the final bonding oper -
ation of module to panel, another light tes t was made. After the 
wiring operation (ser ies connecting every four modules and p a r a l -
leling every four shingles of each of the four modules), an outdoor 
sun tes t was performed. It is interest ing to note here that by this 
extensive indoor testing program and subsequent careful matching of 
the solar cell cha rac te r i s t i c s , the final value of solar cell collector 
conversion efficiency was very nearly equal to the conversion effi-
ciency of the individual shingles. 

Calculations of the energy available to supply the load demands 
on a day-by-day basis were made so that the programming ra te of the 
vehicle could be closely controlled. Data was available on the v a r i -
ation of the angle between the sun vector and the vehicle spin axis 
for the specific day and hour of launch. Calculated data was also 
available for the top and side tempera ture variat ions on a day-by-day 
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bas i s . The following additional factors were taken into consideration 
in computing the total energy available from the power supply on a 
daily basis : 

a) The radiation spectral shift at satelli te altitude. 

In going from a standard-day, sea-level solar spectrum to a 
satellite altitude spectrum, a spectral shift toward the shor ter wave-
lengths is encountered. Because of this shift, the so lar -ce l l respon-
sive wavelength band contains a smal ler proportion of the total solar 
flux, and a poorer distribution of this flux at satell i te altitudes than 
at sea- level . Therefore, at the satelli te altitude, this phenomenon 
resul t s in a reduction of solar cell efficiencies from the sea-level 
efficiency. 

b) A time degradation effect on output due to micrometeor i t ies . 

c) A loss in t ransmiss ion through the cover glass of the solar 
cell . 

d) A loss due to the presence of the protective diodes in the 
solar-cel l circuit . 

e) The effect upon the solar cell output of the non-normal 
incidence of solar radiation on solar cell surfaces . 

f) A loss in output caused by the shift in the operating voltage 
off the optimum voltage for the specific design tempera ture . 

This shift is due to two factors: namely, the battery voltage 
fluctuation, which var ies from a higher voltage during charge to a 
lower voltage during discharge; and the fact that the solar cells a re 
not at the constant temperature for which they a r e designed but 
ra ther experience a temperature range as the orientation of the v e -
hicle changes with respect to the sun vector . 

g) Losses introduced by se r ies -para l l e l connections of the 
solar cel ls . 

h) Losses due to the inefficiency of the energy storage sys tem, 
the voltage regula tors , and current l imi te r s . 

The instantaneous power output of the solar collector is a 
function of the angle alpha as described ea r l i e r . As the angle alpha 
changes the total silicon a rea projected normal to the sun changes, 
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and therefore the solar -ce l l temperature also changes. As alpha 
increases the top a rea projected normally to the sun dec reases , but 
the average so lar -ce l l temperature also dec reases . Simultaneously, 
the side a rea projected normal to the sun increases as does its 
average operation tempera ture . The combined effect of these a rea 
and temperature changes is shown in the table below in t e r m s of the 
power output of the solar collector corresponding to the average 
operation tempera tures at each value of alpha. 

Instantaneous Average Solar 
Power Collector Pwr. Output 

Alpha (watts) (watts) Remarks 

0 35 23 Side solar cells not illuminated. 
45 51 33 Maximum collector output. 
90 25 16 Top solar cells not illuminated. 

The average power output of the solar collector is obtained by 
multiplying the instantaneous power output by the rat io of illuminated 
time to the duration of orbital period ("percent sun t ime' ' ). This 
ratio is 0. 65. The average power to the load is approximately 0. 68 
of the average output of the solar collector , because of losses which 
occur in the energy storage sys tem, voltage regula tors , and current 
l imi te r s . 

With all of the aforementioned degradation and correct ion 
factors , for a given solar cell conversion efficiency and exposed 
a r ea , an average daily energy in watt-minutes available to the load 
was calculated. With this information, a daily power budget was 
submitted to the operational team that programmed the satel l i te . 

STORAGE BATTERY SUPPLY 5 

The storage battery provides a relatively constant voltage to 
the solar cells thereby isolating them from variat ions in the e lec -
t r ical load. The battery is charged by the solar cells during the 
orbital day and supplies all equipment loads during orbital night. In 
addition, during the orbital day, the bat tery supplies the difference 
between peak equipment power drains and the so lar -ce l l output by the 
amount that the so lar -ce l l capacity is exceeded by equipment power 
demands. 

At the outset of the TIROS program, the nickel-cadmium 
battery6 received pr imary consideration as the energy storage device 
because of its potentially grea ter trouble-free cycle life than other 
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storage battery sys tems . Much effort was spent comparing commer -
cially available nickel-cadmium storage cells with the resul t that 
the glas s- to-metal hermetical ly sealed 4 ampere-hour Sonotone 
storage cell was selected. Its sealed construction obviates problems 
associated with operation in a vacuum environment and also prevents 
gas escapage to the outside environment which would resul t in loss 
of electrolyte and a reduction in cell energy capacity. The rolled 
plate and separator construction permi ts packaging of the active cell 
mater ia ls in a cylindrical container which is a be t ter p r e s s u r e v e s -
sel shape than the rectangular container. 

During the TIROS program, over 1000 such storage cells 
were subjected to thermal , thermal-vacuum, vibration, accelerat ion, 
and shock environment t e s t s . Full charge-discharge tes ts were run 
at 0°C, 25°C, and 60°C with constant current charging and discharging. 
Various charging ra tes were employed to determine the safe maxi-
mum charge rate at each tempera ture . Finally, part ial cha rge -d i s -
charge or cycling tes ts were performed between -iO°C and +60°C 
under vacuum conditions in a simulation of the charging and loading 
conditions to be experienced in actual orbit . This extensive testing 
and evaluation program permit ted acquisition of considerable data 
concerning the capacity, voltage, t empera ture , efficiency, and life 
charac ter i s t ics of the nickel-cadmium storage cell . When a defect 
was discovered in the cell operation, its cause was jointly invest i -
gated by RCA, Sonotone,7 and the U. S. Army Signal Corps . 8 A 
redesigned version of the cell was immediately produced by Sonotone 
and tested by RCA. The resul t was that over 1,000 trouble-free 
charge-discharge cycles were obtained from this battery during the 
useful life of TIROS I. 

The TIROS I storage battery is designed to provide a mini-
mum terminal voltage of 25. 5 volts throughout periods of peak power 
drains over a battery operating temperature range of -iO°C to +55°C. 
Three rows of ba t ter ies a re connected in para l le l . Each contains 21 , 
4-ampere-hour cel ls in s e r i e s . Thus, the total nominal capacity 
ratings of the battery a re 12 ampere-hours and 300 wat t -hours . 

The completed battery package includes the type 63F ce l l s , 
packaging, wiring, and aluminum loaded epoxy (which is used for 
heat sinking the storage cells) . It weighs 40 pounds. 

In the case of a satellite such as TIROS I which re l ies on the 
sun as its p r imary energy source and where the ratio of illuminated 
to dark time is approximately 2 to 1, the total energy that can be 
removed from the storage battery during one orbit is not limited by 
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i ts total energy capacity, but by the maximum charging ra te the 
battery can safely accept in the relatively short t ime available to 
res to re the bat tery to full charge. The res t r ic t ion placed on the 
maximum charging current l imits the total energy removed from 
each row of the bat tery in an orbit to about 10% of i ts rated capacity. 
Therefore, three rows of ba t ter ies a r e required to insure that suf-
ficient battery energy capacity is available to support the vehicle 
equipment programming ra tes demanded by the satell i te mission. 

It was described ea r l i e r that the operation of much of the 
TIROS instrumentation is subiect to ground control. Thus, a means 
is available to determine from the ground the total instrumentation 
energy requirements in a given orbit . During those orbits that 
ground illumination is unsatisfactory for taking television pictures 
or the satelli te is out of communication range of the two ground s t a -
t ions, little or no equipment was programmed and the major power 
drain was the continuous load. During these orb i t s , then, consid-
erably less than 10% of the bat tery capacity is removed. However, 
in the nine-to-ten orbits per day when television coverage is possible 
and the vehicle is ground commanded to perform its full range of 
functions, the average battery drain exceeds 10%, but the maximum 
drain is limited to about 20% of total battery capacity. Over the 
course of each 24-hour period during the useful life of TIROS I, the 
total load requirements were made to balance the calculated energy 
available from the power supply for that period. This insured com-
plete battery recharge at the end of each 24-hour cycle. 

The pr imary reason for limiting the recharge ra te is to p r e -
vent excessive internal heating of the bat tery and excessive r a t e s of 
gas production, both of which can cause mater ial destruction of the 
bat tery. As described above, this limitation r e s t r i c t s the total 
quantity of energy that can be discharged from the bat tery in an orbit . 
This last l imit on battery performance achieves the desirable resul t s 
of extending bat tery cycle life, which appears to vary inversely as 
the depth of d ischarge, and insures that the bat tery terminal voltage 
charac ter i s t ics will be maintained during peak loading periods and 
with increased cycle life. 

CURRENT CHARGE LIMITERS AND VOLTAGE REGULATORS 

Charge current l imi te rs prevent the charging current to each 
row of storage bat ter ies from exceeding the maximum ra te which the 
bat ter ies can safely accept. Silicon diodes a r e used to isolate the 
three rows of storage bat ter ies from one another so that shor t -c i rcu i t s 
in one row will not affect the remaining rows. 
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Power is supplied to the vehicle loads directly from the un-
regulated battery voltage via two 24. 5-volt, and two 13. 0-volt dc 
voltage regulators . The output voltage variation of the voltage r e g -
ulators remains within ± 1% over an operating temperature range of 
-iO°C to +55°C. 

TELEMETERED POST-LAUNCH PERFORMANCE PARAMETERS 

To ascer ta in post-launch power supply performance, the 
following pa ramete r s were telemetered to earth from the satel l i te: 

1. The terminal voltage of each of three rows of ba t te r ies . 

2. The voltage supplied to the input of the voltage regulators by the 
three rows of ba t t e r ies , each supplying power to the regulator 
through isolating diodes. 

3. The output voltage of each of two groups of solar cells e l ec t r i -
cally isolated from the solar cell power supply and each other, 
but operating into accurately known res is tance loads. 

4. The temperature of the satelli te skin immediately behind each of 
the solar-cel l groups described above. 

5. The temperature of the satelli te baseplate , which supports most 
of the satellite components and m a s s , adjacent to the battery 
package. 

6. The output voltage of two 24. 5-volt and two 13. 0-volt dc voltage 
regula tors . 

Each of the above temperatures and voltages a re transmitted 
to the ground by two telemetry channels operating independently, in-
suring that telemetered data is available in the event one telemetry 
system fails. 

In the telemetry sys tem, a forty-position switch sequentially 
samples each of 39 pa ramete r s which a re instantaneously transmitted 
to ear th . (There is no data storage for te lemetry purposes . ) Te lem-
etry readings a re automatically timed to occur when much of the 
satellite equipment is operat ive, providing a maximum of te lemetered 
information concerning equipment performance. Additional te lemetry 
samplings can be commanded from the ground as required. 
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SOLAR CELL PERFORMANCE 

Pr io r to launching, each of the aforementioned solar -ce l l 
telemetry groups was calibrated to provide a plot of output voltage 
ac ross a fixed load res is tance versus so lar -ce l l temperature between 
-5 and +70°C. Data was also obtained relating the so lar -ce l l output 
voltage to the illumination angle of incidence. 

The te lemetered so lar -ce l l voltage and temperature and the 
calibration data were employed to calculate alpha which was p rev i -
ously defined as the angle between the satelli te spin axis and the s u n ' s 
r ays . This value of alpha is compared day by day in Fig. 4, with the 
alpha calculated from the analysis of (1) the interaction of the e a r t h ' s 
magnetic field and the magnetic dipole which charac ter izes the TIROS 
satel l i te , and (2) the effect of differential gravity upon the satel l i te . 

Throughout the period shown the difference between these 
alpha curves is less than 5 degrees . Employing the alpha variation 
derived from the magnetic dipole and differential gravity analysis as 
a reference curve , one deduces that little or no degradation in so l a r -
cell output has occurred because of the essentially constant difference 
between the alpha curves . Thus, the effects of part icle radiations 
and micrometeor i tes upon solar -ce l l performance a re negligible over 
a three-month period for a 380 nautical mile altitude orbit inclined 
about 51° to the equator. 

STORAGE BATTERY PERFORMANCE 

From the above, it is observed that the battery terminal volt-
ages , the input voltage to the voltage regula tors , and all the regulated 
voltages a re sampled during peak equipment loading periods (when 
the battery voltages a re at their lowest levels). A great number of 
telemetry samples occurred when the solar cells were sharing the 
load with the ba t t e r i e s , but much data was also recorded during orbital 
night when the ba t te r ies supplied all the energy. Throughout the en-
t i re life of TIROS I, these battery terminal voltage readings remained 
between the designed l imits of 25. 5 to 32. 0 volts . The input to the 
voltage regulator ra re ly fell below 25. 8 volts . 

The failure which occurred in the TIROS system and resulted 
in the NASA decision to halt all interrogations was not caused by a 
battery failure. The last te lemetered battery voltages received were 
in the above-mentioned normal operating range. However, the equip-
ment failure which was positively identifiable resulted in uncontrolled 
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prolonged loads upon the power supply and depleted battery capacity. 
Limited operation of the remaining operational equipment is still 
possible if the bat ter ies a re given a sufficient opportunity to recharge . 

TEMPERATURE PERFORMANCE 

It is noted above that the thermal performance of TIROS was 
within 5°C of the predicted t empera tures . The tempera ture of the 
solar cells located on the top surface varied from a maximum of 60°C 
for an alpha of 45° to a minimum of 0°C for alpha of about 80°. The 
tempera ture range of the solar cells located on the side surface which 
is alternately illuminated and darkened as the satelli te spins was about 
0°C for alpha of 45° and 40°C for alpha near 80°. The tempera ture 
values quoted a re those which occurred near the end of the orbital 
day and so represen t the maximum tempera tures for the given spin 
axis orientation with respect to the sun. F rom the data available on 
the baseplate t empera tu res , it has been calculated that the battery 
temperature ranged from a minimum of about 0°C to a maximum of 
30°C during the three-month period. 

PROGRAMMING OF OPERATIONAL FUNCTIONS 

The operation of the TIROS satelli te was planned and coordi -
nated at the NASA Goddard Space Flight Center in Washington, D. C. 
For each orbit , the specific programs of equipment operation were 
calculated and then relayed to the ground stat ions. The ground rules 
employed at the Control Center to determine the satelli te programs 
were established by p r e - and post-launch calculations of the daily 
energy capabilities of the power supply. The daily average power r e -
quired by the equipment loads varied between a minimum of 15 watts 
and a maximum of about 25 watts . 

CONCLUSION 

On the basis of the post-launch data described above it may 
be said that the various elements of the TIROS power supply performed 
within design specifications and that the accuracy of the power supply 
design was substantiated as planned prelaunch programming r equ i r e -
ments were met or exceeded throughout most of the sa te l l i t e ' s u s e -
ful life. 
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3. Module Boards with Shingles Mounted 
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