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ABSTRACT

The Harvard College Observatory pointed experiment
aboard 0SO-1V suffered a disabling electronic mal-
function after a few weeks of successful scientific
operation. This report describes the investigations
which were undercalken to evaluate the malfunction.

The initial observations are described, and the total
available data are then reviewed in detail. This

report describes analyses which were uncdertaken both
with the data and with the design information on the
instrument. It also includes studies which were per-
formed in the laboratory with the prototype instrument
and various sub-assemblies. Conclusions are drawn
which strongly implicate the high voltage power supply -
particularly the transformer - as the origin of the
malfunction. Recommendations are made on how similar

problems might be avoided in the future.
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L.0 INTRODUCTION

The Harvard College Observatory ultraviolet spectro-
heliometer instrument was successfully launched as
part of the Orbiting Solar Observatory IV\on October
18, 1967. On November 29, 1967, after a few weeks of
highly successful scientific operation, the telemetered
data indicated that a malfunction had taken place in
the instrument.

A Quick-Look Data System has been set up at Fort
Myers, Florida, station which supplies Harvard experi-
ments with immediate data. The Quick-Look data
available to HCO experimenters indicated that the
primary current readings for the instrument's high
voltage power supply were abnormally high. The power
supply was immediately turned off, and attempts made
shortly t reafter to eliminate the problem by switching
tﬁe power supply back on were unsuccessful. No further
useful scientific data have been received from the
instrument since that time, although considerable add-
itional engineering testing has been accomplished.

Intensive review of the available data took place
during the hours and days following the first observation
of difficulty. The available data included not only
that received from the Fort Myers passes by the Quick-
Look System, but also that from the several orbits taken
especially from the Santiago and Johanneskurg stations.
The initial occurrence of difficulty was soon identified
in data from orbit 637 which had been taken by the

Johannesburg station.
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Analysis of the data received after the termination
of the UV data made it clear that the malfunction was a
progressive one. This was indicated in the data by the
presence of two modes which differ from those of normal
operation. The two abnormal modes have data characteristics
substantially different from one another.

Mode I was characterized by an almost maximum
high voltaae current (the HCO high voltage current
monitor supplies these data), by noise counts, and by
false mechanical reference indications,

Mode II also appeared to be characterized by near
maximum high voltage current. However, there is no
evidence that this mode represents accompanying effects
in the instrument.

Subsequent sections of this report will be concerned
with the background material on the spacecraft and
instrument, the operational aspects of the malfunction,

a detailed review of the telemetry data, and analyses of

the several aspects and hypotheses of the malfunction.
Conclusions are drawn concerning the nature of the malfunction
and the difficulties in the high voltage power supply,

and recommendations are made toward minimizing the poss-

ibility that this kind of failure will recur.



2.0 GENERAL BACKGROUND

2.1 0SO-IV SPACECRAFT

Ozone, molecular oxygen, and other components of the
earth's atmosphere absorb the incident solar radiation
with wavelength less than 2900A before it reaches the
earth's surface. This prevents ground-based observations
of most of the ultraviolet (UV) and x-ray region of the
solar spectrum. Suborbital rockets and orbiting sate-
llites provide observation platforms which are not
subject to the atmospheric limitation.

The Orbiting Solar Observatory IV (0SO-IV) space-
craft contains nine experiments to investigate solar
phenomena primarily in the ultraviolet and x-ray regions.
0S0-1IV was launched on October 18, 1967. It achieved
a nearly circular orbit 547.5 2.5 kilometers above the
earth's surface at an inclination to the equator of
33”, Further information on the design and experimental
complement of 0OSO-IV can be obtained from the documents
listed in the bibliography.

2.2 HCO INSTRUMENT

The Harvard College Observatory (HCO) instrument in

the 0SO-1IV spacecraft is an ultraviolet spectroheliometer
designed to gather data on solar radiation in the 300A-1300A
wavelength range. The instrument operates in either of

two modes. In the wavelength-scan mode the instrument
points at the center of the sun while its spectrometer

scans the spectrum from 300A to 1300A once every 30 minutes.
From this a plot of the photon count (i.e., intensity) vs.

wavelength is obtained.
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In the raster mode the spectrometer is positioned at a
fixed wavelength and the spacecraft scans the instrument
field of view over the solar disc in a raster pattern of
forty lines with forty-eight measurements of intensity
taken on each line. A spectroheliogram is constructed

of data obtained in the raster mode.

SOLAR COLLECTING
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Figure 1.
OPTICAL DIAGRAM OF HARVAPRPD INSTRUMENT

An optical diagram of the HCO instrument is shown in
Figure 1. Sunlight enters through the aperture and is
reflected by the spherical mirror to form a solar image
on the entrance slit. The entrance slit acts as a field
stop that allows light from a one arc minute square area
of the sun to pass to the diffraction grating. The grating
diffracts the incident light into its emission line

spectrum. By rotating the grating, successive wavelengths
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Page 7

are imaged on the exit slit. The combined slit widths
give the instrument a spectral resolution such that the
intensity of two lines separated by 2.2A could be

measured separately. Ultraviolet photons passing through
the exit slit and impinging on the photomultiplier cathode
produce current pulses at its anode that are amplified

and counted.

The photograph in Figure 2 is labeled to show the
poeitions of var..,us components within the HCO instrument.
The working relationships of these components are illus-
trated in the block diagram of Figure 3. Readers
unfamiliar with the HCO instrument may refer to the HCO

0S0O-D Experiment Handbook (May 1, 1966) for details on

the function ot the various components. (see bibliography)
2.3 HCO DATA

HCO data are of two general forms: primary signal
or "main frame" data, and housekeeping or analog sub-
commutated data. In normal operation the primary data
from the counter (see Figure 3) indicate the number of
current pulses produced by ultraviolet photons impinging
on the photomultiplier cathode in a fixed time interval.
Also included in each data word is a reference signal
indicating when the diffraction grating is in the mech-
anical (MR) or the optical (OR) reference position.
The housekeeping data (from the matrix box) indicate
the internal temperature of the instrument, the difference
in temperature between the two ends of the instrument,
the input current cf the high voltage power supply, the
position of the diffraction grating, the condition of the

readin gate signal, and the signal count rate from the
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pulse amplifier. See Appendix 1 for further details on
the timing, acquisition, and transmission of the HCO data.
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3.0 OPERATIONS ASPECTS OF THE TERMINATION PERIOD

3.1 INITIAL EVIDENCE
On November 29, 1967, during orbit 636 the 0SO-IV

spacecraft made the last of a daily series of passes
within range of the Ft. Myers, Florida, STADAN (Satellite
Tracking and Data Acquisition Network) station. The
next pass within range of the Ft. Myers station occurred
16 hours later during orbit 646 on November 30. During
that pass, the satellite played back its tape-recorded
data from the previous orbit to Ft. Myers. About 20
minutes after the play-back, Harvard experimenters had
received and examined the data from the HCO instrument
via the Quick-Look data link. All primary data counts
were zeros (abnormal) and the high voltage monitor
readings were unusually high and fluctuating. As a
result, the instrument's power supplies were commanded
off when the spacecraft passed near the Ororal STADAN
station in Australia later in the same orbit.

A review of the Quick-Look data from the previous day
showed that during orbit 636 the HCO instrument was
functioning properly. Harvard experimenters then requested
and received additional All Channel data from the Santiago
STADAN station in Chile on the following day (December 1).
The data were relayed to Ft. Myers through a communication
satellite; then printouts were hand carried to HCO. The
first pass after orbit 636 within range of the Santiago
station occurred two orbits later during orbit 638, but
the data showed that by then the counts were already zeros

and the high voltage current readings were high and
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fluctuating. So the crucial orbit appeared to be 637.

An All-Channel printout of the data recorded during

orbit 637 at the STADAN station located near Johannesburg,
South Africa, was received #t HCO on December 13 and
contained the desired evidence. Efforts to analyze

these data and to simulate malfunction conditions in

the prototype HCO instrument commenced immediately.

3.2 SUBSEQUENT OPERATION OF THE INSTRUMENT

Normal data gathering operations of the HCO instrument
ended during orbit 637 and the instrument was turned off
during orbit 646, Since then many attsmpts have been
made to restore it to normal operation or to force a
change in mode. The instrument's low voltage power supply
was turned on again during orbit 648, 1In orbit 649 the
high voltage power supply (HVPS) was turned on for one
minute. Data count noise, spurious Mechanical Reference
(MR) bits, and high readings of the input current of the
HVPS perished throughout the period. 1In orbit 650 the
HV power supply was turned on for 3.5 minutes. Count
noise and false mechanical reference occurred only during
the first six seconds of this period. The HV current
readings remained high and fluctuating during the entire
3.5 minutes.

Subsequent commands to turn on the HVPS for brief
periods during orbits 856, 857, 971 and 1089-1090
yielded the high, fluctuating, analog readings of HVPS
current but only zero counts in the main data words.
During orbit 1238, five weeks after the end of normal
operation, the HVPS was turned on for 2 hours and 50

minutes.
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During the first six minutes of that period count noise
and false MR bits occurred. The HVPS current readings
were high and fluctuating until the supply was turned
off.

In the latter part of January the high voltage system
was turned on for longer periods of time to see whether
any alteration of condition could be induced. On eight
occasions it w's turned on for a full set of orbital
passes (approximately six hours). No alteration was
observed.

Starting February 27, 1968, a routine test mode
was started involving a trial of the high voltage system
for one orbit each day. This continued until mid-May
when the last tape recorder failed in the spacecraft.
After that, testing was started again in mid-June on
a "real time" basis. This involved testing the high
voltage system for approximately ten minutes each day
during a pass over the Fort Myers STADAN Station. These
operations continued through the remainder of the year
1968. During this whole period no unusual effects or
reversion of condition were observed. Noise counts
were occasionally observed in the data system, but they
were unrelated to the high voltage tests. They were
particularly pronounced in late April, 1968 and were
related to the operation of certain wheel experiments,
notably the Lawrence Radiation Laboratory experiment.

Additional orbital experimental testing of the
spectrometic system took place during this period,

but was unrelated to the high voltage problem.
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In particular, the motor drive system was run continuously
in the wavelength scan mode from late February through

the remainder of the year, with the exception of the
one-month period from mid-May to mid-June. In this and
all other aspects of routine performance, the instrument

appeared to be in good condition throughout the period.
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4.0 TERMINATION OF UV DATA

4.1 DATA CHARACTERISTICS

As the 0SO-1IV satellite passed near the Ft. Myers,
Florida, STADAN station during orbit 636, the HCO
instrument was routinely commanded to step its diff-
raction grating into position to examine the emission of
Ne VIII ions in 770/ radiation. After the data were
taken for two complete raster scans of the sun at this
wavelength, the satellite entered darkness. Figure 4
illustrates the relevant satellite orbits as reconstructed
from data in the Predicted Satellite Map furnished by
NASA. While in darkness the satellite tape recorders
played back data acquired during orbit 636 to the
Johannesburg, South Africa STADAN station. The satellite
entered the sunlight again as it headed north toward the
equator and began (by definition) orbit 637 as it crossed
the equator heading North.

The HCO instrument began raster operation a few
seconds after the spacecraft entered sunlight. The HCO
data from the firet half of this initial raster picture
contain very few counts because the instrument takes many
seconds to fix on the sun. Also, at satellite dawn and
dusk the instrument looks through a maximum amount of the
earth's atmosphere, which adsorbs most of the solar ultra-
violet radiation. Data for the next four complete raster
scans are illustrated in the computer plots of Figures S5A
and 5B. The plots on the left indicate UV intensity by
the density of ink on the page. The plots on the right
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indicate intensity by the dotted lines of constant
intensity (isophotes). The highest data count recorded
during each raster is printed above the raster picture

as a maximum intensity figure. Raster 2 and raster 3

show the coherent solar images and very close correlation
with expected intensities. Raster 4 begins at the top
with a good rounded solar image, then the picture suddenly
deteriorates as an image of the sun in ultraviolet light.
The plots of raster 5 show no apparent relationship to

a solar image.

The malfunction began in raster 4, line 9, word 13,
at Universal Time 22 hr. 35 min. 11.5 (+ 0.1) sec. on
November 29, 1967. This is the mid-time of the readin
gate (i.e. data acquisition period) whose data count
was represented by word 13. The timing was established
from the time signals contained in the final Harvarad
data tapes furnished by NASA., The satellite was passing
over the Philippine Islands when the malfunction began.

The HCO main frame data words from the All-Channel
computer printout for words 10 through 16 of line 9 are
given in Figure 6 for rasters 2, 3, 4, and 5. These data
were excerpted from the All-Channel playback received at
the Johannesburg STADAN station toward the end of orbit
637.
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WORD NO. IN LINE 9
RASTER
NO.
10 11 12 13 14 15 16
2 00496C 00312C 00396C 00402C 00422C 00328C 00308C
3 00524C 00385C 00388C 00330C 00466C 00305C 00300C
R 00564C 00390C 00380C ([*01248A 00976A 00786C 0063 2A
. 00024cC 00028C 00038C 00004cC 00108A 00108A 00014A
FIGURE 6

DATA WORL'S BEFORE AND AFTER
UV TERMINATION

The numbers occurring in the data printout were
programmed to be directly proportional to the number of
ultraviolet photons incident on the photomultiplier of
the HCO instrument from a selected portion of the sun at
a specified wavelength. During all the raster scans taken
during orbit 637,

for 770A.

the instrument's spectrometer was set
By reading down each column of Figure 6 onc

can compare counts recorded while the instrument pointed
at approximately the same spot on the sun in successive
Thus,

rasters. for normal data there should be close

correlation of the counts in each column. This is the
case for the words from raster 2 and 3, and for raster 4

until word 13 iih line 9. In that word the onset of the

malfunction is signaled by the anomalously high count and by

the zppearance of an "A" following the count number rather

than the usual "C". An "A" following the count number



indicates that the counter is registering less than
1.4 volts from the micro-switch circuit. The counts
in words 14-16 of line 9 raster 4 are each more than
twice as high as corresponding words in the previous
rasters. During raster 5 the counts are very much
lower than in previous rasters.

The count numbers from raster 4 and the four
rasters following it were compared with corresponding
counts from rasters 2 and 3 to determine whether or
not the HCO instrument was transmitting any significant
ultraviolet data underlying the noise, after the mal-
function point. This would help to decermine the
condition of the high voltage power supply and detector.
The comparison was made by using a computer to plot the
average count for each data main frame (which contains
four Harvard data words) on a logarithmic scale vs.
time for the several rasters in orbit 637. Then the
plots for rasters 2 and 3 were overlayed on the plots of
corresponding points of subsequent rasters. These plots
are shown in Figure 7.

The zero in the time scale in Figure 7 refers to
the end of read-in time for word 3 in line 1 of raster 4.
This coincides with the beginning of a data main frame.
Since a raster takes 307.2 seconds to complete, the first
time indication in Plot B refers to word 3 in line 1 of
raster 5. Plot A shows the comparison between average
data counts from lines 1 through 11 of raster 4 with
averages from the corresponding lines of raster 2. These
data are closely correlated until the malfunction occurs.

Plot B shows a similar comparison of the initial lines

Page
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of raster 5 with those of raster 3. A review of these
and other data have led to the conclusion that there is
no significant correlation between the data counts
recorded after the malfunction point and corresponding
data obtained before the malfunction occurred. There-
fore, all counts after word 13, line 9, raster 4 of
orbit 637 are considered to be noise with the possible
exception of the first six seconds after word 13. (Also
see the computer raster plots in Figures 5A and 5B.)

As previously mentioned, another characteristic of
the instrument malfunction is the presence of "A's"
following the count numbers. Appendix I describes the
conditions under which an "A" would normally appear in
the All-Channel data; i) when the grating is in the
Mechanical Reference position; 1ii) during the first four
words at the beginning of a raster scan; iii) during the
satellite night; iv) when the low voltage power supply
of the instrument is off. Since none of these conditions
existed at the time of malfunction, the spurious A's in
the data are designated as false Mechanical Reference (MR)
indications.

About 14 seconds after the onset of the malfunction,
the Sail Analog Subcommutator read out the HCO high
voltage current. The reading indicated 15.8 milliamperes
(ma), close to the maximum 16 ma value allowed by the
current limiting circuit design of the high voltage power
supply for an overloaded condition. Normally the high
voltage (HV) current readings ranged between 8 ma to

11 ma depending on temperature. After the malfunction



the HV current readings remained in an abnormally high
range,

Readings of the HV current monitor and the five
other HCO Analog Channels recorded during orbit 636-637
are plotted in Figure 8. The zero time indication again
refers to word 3 in line one of raster 4. The readings
plotted above each time mark were recorded during the
30.72 seconds following the time indicated. The scales
on the left side of the plot refer to the digital values
contained in the All-Channel data printout. The scales
on the right were derived from calibration curves for
the HCO Analog Channels.

The scale on the right of the AT plot should be
regarded as an approximate indication rather than as
an accurate scale because of calibration errors. The
AT reading varies cyclically during each orbit because
the satellite spends about one-third of each orbit in
the earth's shadow.

The grating position parameter of Channel No. 4
does not indicate the grating position at night because
the analog voltage read across the potentiometer is reduced
by loss of both the +19V day power from the satellite
and the -3V of the instrument's low voltage power supply.
The low voltage power supply is off during the night
portion of the orbit. The value of the Channel No. 5
readin gate parameter is higher at night than during day
operation because the readin gate continues while the
-5.5V from the low voltage supply ceases. The Channel

No. 6 parameter pulse amplifier output has a low night
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value pecause it loses the +4.2V of the low voltage
supply at night.

The only analog parameters which deviate
significantly from normal values at and following
the UV data termination are the pulse count and the
HV current readings. The pulse count readings after
UV termination are difficult to interpret but can
probably be attributed to low noise counts during
the time when the parameter averaged (160 us.). The
HV readings will be discussed in Section 5.

4.2 POST-TERMINATION MODES

The HCO high voltage current monitor is read out
once every 48 data main frames (MF), i.e., once every
30.72 seconds. (One of the 48 Sail Analog Channels
is read out during each data MF. 30.72 seconds = 48 MF
x 0.64 sec/MF.) For this analysis it is convenient
to adopt 30.72 seconds as the basic interval of time
for comparison of the HV readings with the other
important parameters such as: average noise counts
per word, number of zero counts, and number of false
MR indications. These parameters are plotted in Figure 9.
As in Figures 7 and 8 the zero on the Time axis refers
to word 3 in line 1 of raster 4. The values plotted
above each time mark are calculated for the 30.72 sec.
following that time. After UV data termination two
basic modes of operation can be distinguished. 1In Mode I
noise counts in the main data words and false MR indic-

ations occur, zero counts are scattered, and the HV
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HCO ANALOG CHANNELS
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