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ABSTRACT

This report summarizes the main work carried out under this contract
(April 1, 1963 through March 31, 1967). The contract effort can be grouped
under programs concerned with an orbiting vehicle, a re-entry vehicle, fieid
support for certain sounding rockets and balloons, evaluation of commercial
telemetry system components, and system studies and developments related
to telemetry and weather radar. The orbital vehicle effort is concerned with
a telemetry subsystem, a data storage system, aspect instrumentation and
determination and a commutator. The discussion of the instrumentation of a
Trailblazer I rocket for a re-entry experiment includes treatment of an s-band
pulsed system, an x-band PPM telemeter and certain probes, A tabulation is
given of commercial airborne telemetry cc:nponents tested and evaluated since
detailed results are published in scientific reports which are available to author-
ized agencies, The field support rendered in connection with the various pro-
grams is tabulated. Specific discussion is given to a PAM/FM system, temp-
erature studies of balloon telemetry systems, and the modification of a weather
radar.
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INTRODUCTION

This report summarizes the work which was accomplished under this con-
tract. The material has been organized so that each chapter is reasonably independent
of the others although much of the material is related on the program level. The two
major programs were concerned with orbital vehicles and re-entry vehicles respec-
tively. Other effort was associated with field support tor certain rockets and balloons,
evaluation of commercial components, and system studies related to telemetry and
weather radar. The contract effort has been grouped into six chapters.

The first two chapters are concerned with the satellite program. The
first chapter is system and hardware oriented and embodies discuscions of systems,
components, circuit design and development and overall performance. The second
chapter is essentially mathematical and computer oriented. It deals with the deter-
mination of sensor aspect from telemetered information taken by the airborne mag-
netic aspect system,

Chapter three deals with the instrumentation of a Trailblazer II rocket
intended to gather data in a re-entry physics program. The discussion is mainly
concerned with a pulsed system operating at s-band, certain probes, and an x-band
telemeter.

Field support in connection with satellites, sounding rockets and talloons
is the subject matter of the fourth chapter. Most of the travcl documented in this
chapte1l' was preceeded by numerous preliminary discussions with experimenters and
then several months of system develomment and testing. The travel indicated was
then taken so that final field tesis or actual support during launch could be carried out.

The fifth chapter is concerned with the evaluation of commercial radio
teiemetry components. This program is of a continuing nature and scientific reports
have been issued on an annual basis, The chapter dcals with the components tesied
and the development of a transmitter test unit,

The sixth chapter contains discussions of system studies which were com-
plete in themselves and not directly related to the material in the other chapters.




CHAPTER |
ORBITAL VEHICLE PROGRAM

The instrumentaticn design of the support subsystems has been completed
on the Atmospheric Composition Satellite (ATCOS). This spacecraft, shown in Figure
1-1, is one of six managed by Air Force Cambridge Research Laboratories as a pro-
ject in the USAF Aerospace Research Support Program. The official designation is
OV3 - 5 and it is designed and fabricated by AFCRL.,

The satellite and onboard components are used to facilitate the acquisition
and transmission of scientific data to earth, A scout launch vehicle will be used to
place the satellite into earth orbit from the Western Test Range, California, on Jan-
uary 31, 1967 with Northeastern personnel assisting in the field test supported under
a follow-on contract from Air Force Cambridge Research Laboratories. *

The orbit will be near polar with an apogee of 1000 km and a perigee of
300 km to meet the requirements of two basic experiments, Two Mass Spectrometers
and three Ion Density Gauges form one basic experiment and an Impedance Probe the
other,

The Mass Spectrometers are used to determine upper atmospheric struc-
ture including the composition number densities, partial pressures, and temperature
of the charged and uncharged gaseous constituent. Included in the experiment objective
is a determination of the physical and chemical processes which create this structure.

The Density Gauges are used to measure neutral atmospheric density. The
data obtained is to be used to compare direct density values with those calculated from
drag; determine the origin, nature, and degree of geophysical phenomena occuring in
our atmosphere; to provide data for upgrading the U,S. Standard Atmosphere; and
supply evidence for the basis of solar geophysical interaction,

The Impedance Probe will measure electron density and temperature irreg-
ularities, both large and small, in and above the F, layer of the ionosphere as well as
the more pronounced irregularities under disturbe& conditions in the auroral zones.

A, Telemetering Subsystems Description

The ATCOS telemetering subsystems diagram is shown in Figure 1-2,
There are three telemetering links that provide data encoding for experimental and
spacecraft status information into standard IRIG NRZ PAM/FM/FM and PCM/FM
systems, The two primary data links contain on-board magnetic tape storage cap-
abilities for the purpose of data storage over complcte orbits prior to ground trans-
mission. The record-to-playback ratios for the recorders are 1 to 18 and 1 to 80
respectively, which allow for the acquisition and storage of approximately 100 minutes
of data prior to transmission for the former and 600 minuties for the latter. Provision
has been made for real time modes of operation in order to assist in spacecraft eval-
uation.

The first of the telemetry subsystems, Link I, consists of experimental
and status data being transmitted as a PAM/FM/FM/ system. This link employs a
standard 50. 0 kHz reference channel for tape speed compensation and seven IRIG
bands: 16, 15, 14, !5, 11, 10, and 8. The reference channel as well as bands 16, 15, 14,
13, and 11 are reproa'iced from the tape recorder as previously stored data, and bands

* Contract AF 19 (628) - 5140, Aprill, 1965
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10 and 8 a.e real time data only as shown in Figure 1-3. Band 16 is the Master Com-
mutator for experimental data, ''red line" functions, and is subcommutated with space-
craft status data, This commutator is also transmitted in real time on Band 8. Bands
15, 14, 13, 11, and 10 are experimental data with band 13 being commutated,

LINK I (Recorded Data)

Data Transmitter
Channel Frequency Function ) Deviation

o 50.0 kHz Reference Oscillator 10 kHz

16 40,0 kHz Recorded Commutator 35 kHz

15 30,0 kHz Spectrometer I 25 kHz

14 22," kHz Spectrometer II 20 kHz

13 14. 5 kHz Spectrometer Commutator 15 kHz

11 7.35 kHz Magnetometer 7 kHz

10 5.4 kHz Real Time PCM - NRZL 7 kHz 4
8 3.0 kHz Real Tirae Commutator 7 kHz

Total Transmitter Deviations 126 kHz

LINK HI (Real Time Evaluation Data)

10 5.4 kHz PCM - NRZL 15 kHz
8 3.0 kHz Commutator 10 kHz
6 1.7 kHz Spectrometer I 6 kHz
5 1.3 kHz Spectrometer II 6 kHz
4 0,96 kHz Spectrometer Commutator 6 kHz
3 0.73 kHz Magnetometer 6 kHz

Total Transmitter Deviations 49 kHz

FIGURE 1-3 SUBCARRIER OSCILLATOR ASSIGNMENTS & TRANSMITTER DEVIATIONS

Link II has experimental data recorded on magr. ~tic tape for .\ ten hour
period in a PCM-RZ format and is reproduced at a 20, 000 Lps rate,

Link III is a real time data system intended for the purpose of spacecraft
evaluation or possible use in the event of tape recorder failure, There are six data
channels, IRIG bands 10, 8, 6, 5, 4, and 3, two of which are commutated (bands 8
and 4) as shown in Figure 1-3,

Link IV is a low power CW oscillator for the purpose of spacecraft track-
ing and acquisition,

A typical mode of operation, assuming one complete data read-out each
day, would be to command on the beacon as the spacecraft comes over the horizz:,
Then once acquired, by separate commands, to turn on Link II and Link I in that
order to dump their stored data. (During this phase of operation, the beacon can
be commanded off if the on command was locked in.) After respective data irans-
mission periods of 7.5 and 5, 5 minutes the recorders turn off their transmitters,




leave their experiments on and automatically revert irto the record modes, After
one complete orbi. the Link I recorder shuts down with its experiments and stores the
data., This shut down also resets the command encoder for the next read-out. The
Link II recorder continues to record until at least six consecutive orbits of data are
stored on the tape, then it also resets its encoder. The spacecraft then reverts to
the charging mode until the batteries have been restored. Simple checks on solar
panels, etc. can be performed by using band 8 on either Link I or Link III in the real
time mode for spacecraft status,

The components that are used to comprise tae spa~ecraft telemetry sub-
systems are described briefly in the sections which folow,

1. Time Reference Generator

The Time Reference Generator, manufactured by Adcole Corporation,
containg the master timing functions for the satellite subsystems. Basically the unit
is a twenty-four hour clock which continuously provides time ir. both binary (i. e, base
2) form and a format which combines octal base 16 (i.e. least significant digit as base
16 and all other digits as base 8). tputs are also taken from appropriate points in
the unit to provide time pulses for the commutators, the Pulse Code Generator, and
an "end of mission" output. A storage register is also included within the unit to
store the time of a "'sun hit" on the agpect eye. This time information is then made
available in terms of base 8 and base 16 digits. The basic timing accuracy is depen-
ent upon a 23, 520 Hz crystal osciliator (0, 005% accuracy), resulting in a generator
base accuracy of 1 part in 10, 000 or approximately 9 seconds per day. This accuracy
will be improved once the spacecraft temperature has stabilized and the character-
istics of the generator drift are established.

The output of the crystal oscillator is used for the basic clock rate in the
magnetic aspect electronics and also is counted down to 30 Hz and an output derived
to trigger the 60 channel commutator and the 40 segment commutator. The 30 Hz is
then further counted down to a signal with a 2 second period. This output is used to
synchronize to 60 channel and 40 channel commntators and to trigger the 30 channel
subcommutator, It is then counted down in a succession of 16 binaries and the output
which occurs at a 24 hour rate is used to reset the entire clock, The outputs of the first
four of the 16 binaries are coded into a 16 step staircase as shown in the voltage/time
output table in Figure 1-4, Thus the first staircase will code 32 seconds in a 2 second

Level Voltage TRG-1 1ILevel Voltage TRG-2 TRG-3 TRG-4 TRG-5
0

43 2 0 5.0 0 0 0 0
: g: : : 1 4.3 32 256 2048 16384
8 3;;‘ s 2 3.6 64 512 4096 32768
9, §; 2 ﬁ 3 2.9 96 768 6144 49152
g ohe . 4 2.2 128 1024 8192 65536
= * o 5 1.5 160 1280 10240 81920
i o3 2 6 0.8 192 1536 12288 x
T oo = 7 0.1 224 1792 14336 .

FIGURE 1-4. TIME REFERENCE GENERATOR, VOLTAGE/TIME OUTPUTS
* Clock Recycles After 86,400 Secs. (24 Hours)




increments. Similarly the next staircase output will code 256 seconds in 32 second %
increments, the next 2048 seconds in 256 increments, the next 16, 384 seconds in &
2,048 second increments, and the last 86, 400 seconds ( 24 hours ) in 16, 384 seconu %
increments. The outputs of e¢ach of the eighteen binaries from the one second output

to the 24 hour output are isolated and brought out for use in the PCM time coding. X

The "end of mission' output is derived by following the 24 hour output by
eight binaries used as scalars to give an output after 256 days. This output is ampli-
fied so as to be able to drive a latching relay in the control logic and thereby turn off
the appropriate equipment.

The time occurence of the solar aspect command pulse is established by
setting the clock time into a storage register when the pulse occurs. Seven bits are
used in the storage register which allows the time to be determined to within one part
in 120 with respect to the commutator period {two seconds).

Synchronization is accomplished between the command pulse and the clock
by a controlling binary., The command pulse sets the binary and the next 60 Hz trigger
resets the storage register with the time code inserted.

The seven outputs of the register are coded into a sixteen bit staircase
and an eight bit staircase similar to that shown in Figure 1-4, Since 120 is not a
binary number the staircase outputs are weighed somewhat differently than those
in a binary system. The sixteen bit staircase is weighted such that each step below
5 volts corresponds to 1/120 of the commutator two second period. The eight step
staircase, hcwever, is weighted as follows:

Level Volts Weighted Time {T=2 seconds)

] 5.0 0

1 4,3 16/120 T

2 3.6 30/120 T

3 2.9 46/120 T

4 2.2 60/120 T

5 'S 76/120 T

6 0.8 90/120 T

7 0.1 106/120 T

Zero time corresponds to the end of the frame sync pulse and therefore
coincides with the beginning of the first information channel. As an example, suppose
the first staircase has a level cf 0,7 volts and the second a level of 2, 9 volts, The
time of occurrence of the solarr .~nect command pulse will then have been 13/120 +
46/120 = 59/120 of the commutator period.

2, Master Commutator

The Master Commutator, manufactured by Adcole Corporation, is a solid
state 60 position commutator that is driven by the 30 Hz signal from the Time Refer-
ence Generator. A two second signal from the Time Reference Generator synchron-
izes the commutator with the master clock. Calibration voltages are derived from
within and provided on the appropriate segments as 0%, 50% and 100% of full scale.
Also provided is a cummand pulse inhibit signal so that aspect data cannot be changed
during the readout pericd,

3. Subcomm:itator

The Subcommutator, manufactured by Adcole Corporation, is a 30 posi-
tion solid state commutator similar to the 60 position commutator previously describ-
ed. A two second signal from the Time Reference Generator drives the counting chain

-3
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and synchronizes the sampling with the Master Commutator so that it can be read-out
over one position of the Master Commutator.

4, Mass Spectrometer Commutator

The Mass Spectrometer Commutator, designed and developed at North-
eastern University, is a 40 position solid state commutator with its timing signals
derived from the Time Reference Generator. The primary use of this commutator
is for experimer.al data systems monitoring and it will be discussed in detzail in a
later section of this report.

5. Subcarrier Osciilators

Standard IRIG subcarrier oscillators are used to modulate the transmitters
and provide for the FM encoding of the data. There are two configurations of subcar-
rier oscillators used in the spacecraft. One set, manufactured by Dorsett Electronics
Incorporated, supports the real time modes of operaiion and the other set is contained
within the Link I recorder. They record on the magnetic tape at center frequencies
such that when they are reproduced at 18 times the recorded rate they represent stand-
ard IRIG bands. A complete listing of these subcarrier oscillators are shown in Figure
1-3 along with the appropriate transmitter deviations,

6. Transmitters

The telemetry transmitter used for Link I is a solid state, crystal stabil-~
ized, true FM unit, manufactured by Dorsett Electronics Incorporated, operating at
249, 9 megahertz with a stability of + 0. 01% and a nominal power output of 3 watts into
a matched load. Each subcarrier oscillator is set to individually deviate the trans-
mitter as tabulated in Figure 1-3, These deviations were chosen to approximately
equalize the signal-to-noise ratios in the subcarrier channels. Total r-f bandwidth
required (and thus total instantaneous deviation) was determined for the maximum
acceptable slant range.

The telemetry transmitter used on Link Il is the same as that used on Link
I except that it operates at 245. 3 megahertz. This is a PCM/FM system and the appro-
priate premodulation filtering is used as required by IRIG standards. The deviation of
this transmitter was also chosen from maximum acceptable range.

Link Il is a solid state, crystal stabilized, true FM transmitter, manu-
factured by Conic Corporation, operating at 255.1 megahertz with a stability of + 0, 01%
and a nominal power output of 0,5 wntis intw a matched load. This unit is modulated in
the real time mode only by subcasrier oscillators as indicated in Figure 1-3.

The tracking beacon (Link IV) is a solid state, crystal stabilized unit, man-
ufactured by Conic Corporation, which operates at 258. 5 megahertz with a stability of
+0,005% and provides a CW signal at a nominal power of 150 milliwatts into a matched
load. 7he beacon is used as an aid in spacecraft acquisition and for determination of
the emphemerides. The beacon will be commanded off after the first few orbits follow-
ing the launch. Thereafter the unit will radiate for twenty seconds following each ad-
dress command.

7. Antennas

The antenna systems for the OV3-5 spacecraft were designed and developed
at the Physical Sciences Laboratory of New Mexico State University and are such that
Links I and II each have a canted monopole with a meximum gain of - 3 db over 94% of
their patterns when diversity combining is used at the receiving stations. The antenna
system for Link III is a quadraloop with a maximum gain of - 10 db over 32% of its




pattern and is tuned to 255.1 megahertz for Link III. This antenna system is also used
for Link IV at 258, 5 megahertz through the use of a diplexer load matching network.

8. R-F System Parameters

The operating parameters of the r-f system were selected from worse
case considerations. Certain parameters were relatively inflexible (such as available)
power from off-the-shelf IRIG transmitters, ground station antenna gains, receiver
thresholds, etc.). Consequently available i-f bandwidths at receiver sites and trans-
mitter deviations were chosen to maximize signal-to-noise ratios as much as possible.
The pertinent equations are tabulated below and the selected r-f system parameters are
tabulated in Figure 1-5.

51
'

Free Space Loss, Lfs = [4—: fcd] 2
where LfS = free space loss, db
fc = carrier frequency = 250,0 MHz
c = speed of light = 5,55x10° nm/sec
d = slant range at 10° elevation = 1621, 0 nm
then Leg = 37.8+ 20 log fc + 20 log d = 150, 0 db,

NOTE: The actual flight frequences, listed in Figure 1-5, are
within £ 0,25 db of the free space loss for 250, 0 MHz,

Received Power, Pr = Pt + Gt + Gr = Lx = LfS = Pt + Gt - 125
where Pr = received power, dbw
Pt = transmitted power, dbw
G, = transmitter antenna gain, db
G

L

receiver antenna gain including polarization loss = 27 db

t
r
- miscellaneous system losses = 2 db

Carrier to Noise Power Ratio, CNR = Pr = Pn
where  P_ = noise power, dbw = 10 log [kTS B;J' -197. 85 + 10 log B

and k = Boltzman's constant = 1, 38x10 2 joules / °k
Ts = receiver system noise temperature = Ta + Tr = 1190°K
Ta = antenna temperature referred to receiver input = 320°k
T_ = receiver noise temperature = 290°K (NF-1)

r
NF = receiver noise figure = 6 db

B = bandwidth, Hz




Function
Frequency
Stabiliity
Deviation

Transmitter
Power

P

t * dbw

G,, db

t'

Pr , dbw

B
10 log B, db
P_, dbw
n
CNR, db

LINK I

PAM/FM/FM
249,9 MHz

+ 0, 01%

+125 kHz

3,0 watts  °

+ 4,78

- 3.0

- 123,22
500 kHz
57.0

- 140.85
+ 17,63

LINK II LINK III
PCM/FM  PCM/PAM/FM/FM
245,3 MHz 255,1 MHz
+ 0,01% +0,01%

+ 50 kHz + 50 kHz
3. 0 watts 0,5 watte
+4,78 - 3.0

- 3.0 - 10,0

- 123,22 - 138.0
200 kHz 100 kHz
53,03 50,0

- 144,82 - 147,85

+ 21,60 + 9,85

FIGURE 1-5. R-F SYSTEMS PARAMETERS
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LINK IV

CW - Tracking
258.5 MHz
+ 0,005%

0.15 watts

- 8,23
- 10,0

- 143,23
50 kHz
47,0

- 150,85
+ 7,62




B. Data Storage Systems

The data storage system of the OV3 - 5 spacecraft consists of two magnetic
tape recorders in support of the complete experimental requirements for the program.
The "Design Specifications tcr the ATCOS-AFCRL Flight Spacecraft Recorder / Repro-
ducers'' prepared by Northeastern personnel and dated November 1, 1964 was a direct
result of experimental requirements and technical discussions between Northeastern
University, Air Force Cambridge Research [.aboratories, Upper Air Research Lab-
oratories of the University of Utah, and prospective suppliers of the recorders. Due
to the limitations of the prospective suppliers a subsequent document was prepared
entitled "Deviations to Design Specifications for the ATCOS-AFCRL Flight Spacecraft
Recorder / Reproducers' and dated February 18, 1965,

The first of the recorders was developed under a subcontract from North-
eastern to the Ralph M. Parsons Electronics Corapany. This recorder, used in con-
junction with Link I, uses standard analog FM techniques, records six tracks of infor-
mation from subcarrier oscillators at approximately 1. 875 ips for 100 minutes and
pl~ys the data back at an accelerated rate of 33.75 ips in apprcximately 5. 5 minutes.
The playback mode of the recorder is performed in the oposite direction than that
used for recording. This reverses the time sequence during playback, that is, the
last data recorded will be the first data presented when the recorder is in the playback
mode. Reel end sensors are included within the recorder to provide signais to the
command logic to turn off the recorder after a complete recording cycle. An auto-
matic system is provided ‘o control the transmitter during the reproduce cycle and
sequence the recorder into its record mode from which it will then revert to a passive
mode after recording for a complete cycle. The spacecraft will then remain in this
mode until the next reproduce command is given from any ground station.

The second of the recorders was developed under a subcontract from the
Univercity of Utah to the Ralph M. Parsons Electronics Company. This recorder, used
in conjunction with Link II, uses standard digital recording techniques. PCM-RZ data
is recorded on a single track at 250 bps at approximately 0.3 ips for 600 minutes and
plays back at an accelerated rate of 24 ips in approximately 7. 5 minutes. The logical

operation of the recorder is similar to that of the previously described system of Link
I.

1. Recorder System Philosophy

The OV 3 - 5 satellite recorder system was designed in support of the experi-
ments previously described. The objectives of the experiments are such that data must
be sampled frequently enough to eventually obtain almost total coverage of the earth's
atmosphere within the limits of the orbital parameters. The National Range has the
responsibility for support. Since there are a limited number of receiving stations
available, on-board data storage must be utilized in order to obtain data of an uninter-
rupted nature around the earth.

The Mass Spectrometer - Density Gauge experiment required data of a
continuous nature over one orbit with an overlap over the next orbit. This requirement
will indicate any da‘a correlation for an approximate positicn at the time of orbital
overlap. The Impedance Probe cxperiment is more statistical. Data is required for
al least six consecutive orbits duriig any given twenty-four hour period.

Storage of the spacecraft status data such as time, voltage, current, tem-
perature, and control logic position is required for evaluating the condition of the space-
craft at any time. The satellite receiving stations are well equiped for the receptions

EJ‘&..“
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of an FM/FM signal. Therefore, the best utilization of the support stations is realized
with an FM/FM signal. In order to {ransmit all data within a single pass, some of which
was recorded for at least six orbits, requires a high reproduce-to-record ratio. The
high ratio in itself isn't too bad but the resulting bandwidth woula be above the capacity
of airborne recorderz. There would be at least four data channels required to support
this mission., They would be as follows;

Channel Data Requirements

—

Commutated, NRZL, 60 Samples/second
2,3 Continuous, 18 Hz per channel
Commutated, NRZL, 10 Samples/second

F

The spacecraft power supply would be operating under heavy load for ten hours unless
means were provided for turning off the experiments not required after the first orbit.
Power profiles of the satellite indicate that the depth of discharge on thc storage cells
would be too great for continued operation under this condition. An alternate method
would be to lower the reproduce-to-record ratio and transmit the data in consecutive
passes. The limitation of this method would be the practicality of turning off the re-
corder before the satellite went over the horizon, There would also be a loss ~f data
due to the stop and start times of the recorder system,

In order to be within spacecraft power supply limitations #nd recorder band-
width capacity the experiments were separated into two groups. The Mass Spectrometer-
Density Gauge group to have data stored for more than one orbit, and the Impedance
Probe group to have data stored for at least six orbits. Considering all factors these
requirements seemed to indicate the need for two tape recorders.

The Impedance Probe instrumentation, designed and constructed at the
University of Utah, conditions its data in a format readily adaptable to digital data.
Therefore experimental data from the Impedance Probe would be stored best on a
digital machine. The development of this recorder was carried out under sub-con-
tracts from the University of Utah, Once separation of experiments had been made it
seemed logical to utilize a second transmission link for this digital data.

It was decided to store and transmit the remaining experimental and space-
craft status data with a separate machine and transmission link. Further discussions
between Northeastern University, Air Force Cambridge Research Laboratories, and
recorder manufacturers indicated that it was best to utilize the avzilability of the FM/
FM receiving sites. This required a tape recorder with outputs which were FM in
nature., Five data channels were chosen for the competent fulfillment of the scientific
mission., These channels are listed as follows:

Channel Data Requirements

—

Commutated, NRZL, 30 Szmples/second

2,3 Continuous, 18 Hz per channel
4 Commutated, NRZL, 10 Samples/second
5 Continuous, 5 Hz

This type of data on a tape recorder is susceptible to variations in tape speed which
appear as frequency changes simulating data. IRIG Standards require a reference
osciilator so that tape speed compensation techniques can be used at the receiving
sites,

12
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Special subcarrier oscillators were designed by the sub-contractor with
center frequencies and bandwidths such that when reproduced at eighteen tinies the
recorded spced they were at the IRIG frequencies for bands 16, 15, 14, 13 aud 11. The
reference oscillator was reproduced as 50.0 kHz, the required frequency for com-
pensating up to and including IRIG band 16%,", The recorder output also had to have the
necessary amplitude per channel available to set up a transmitter deviation schedule
for optimal signal to noise considerations. This deviation schedule is shown in Figure
1-3.

2. Performance

During the development phases of the recorder system the primary pro-
blems were concerned with sum and difference frequencies due to the nonlinearity of
the reproduce amplifiers, interchannel crosstalk, and harmonic frequencies of the
data channels and power inverter. These problems were greatly improved by better
grounding techniques, and power line RFI filtering.

The analog data accuracy after filtering was approximately 4% p-p. Sub-
sequently further testing exhibited the ineffectiveness of the Tape Speed Compensation
system as designed. Randomly increasing data errors when modulating signals were
applied to all charnels led to investigations to correlate the time of occurance. When-
ever the 40,0 kHz data channel was modulated toward its higher band edge, "spiking"
occurred in the demodulated output of the subcarrier discriminators. Discussions
were held with the manufacturers of the ''ground stations' which led to tests and ex-
perimenting with levels and bandwidths. The standard 50, 0 kHz reference tuning unit
supplied by most manufacturers has an input passband wide enough to allow signals
from the upper band edge of the 40. 0 kHz charnel to get in and "capture' the reference
channel, thereby seuding a false correction signal to all data channels. Reference to
the deviation scheduvle in Figure 1-3 shows that the 40. 0 kHz chanrrel amplitude is 10
db larger than that of the 50.0 kHz reference oscillator., Laboratory tests proved that
this signal when attenuated by the filter characteristics of the Refe:enc» Tuning Unit,
was at times large enough in amplitude to actually ''capture' the reference channel,

3. Recemmendations for Future Systems

In order to eliminate the "capture' effect from the present recorder, and
any subsequent machines purchased on contract AF 19 (628)-5140, the leve! of the Re-
ference Oscillator must be increased. The amplitude of the Reference Oscillator should
not be greater than double that of the 40, 0 kHz data channel without resulting in cross-
channel interference, Laboratory tests indicate errors produced in the 40.0 kHz were
as high as 6% when the 40, 0 kHz was at upper band edge and the recorder had high flut-
ter deviation, Also, care must be taken to insure that the amplitude of the Reference
Oscillator is not so large that most of the transmission bandwidth would be required.
Discussions and tests indicate that the best solution would be to utilize a completely
linear taper, which would result in an amplitude of 320 mVrms from the Reference
Oscillator., The relative level of the Reference Oscillator would then be 2 db grezater
than the 40. 0 kHz data channel or a net gain of 12 db over the original conditions.

Consideration was given to two alternatives which were later discarded
because they led to a major redesign of the recorder system and possible program
delays. One was to replace the 50, 0 kHz Reference Oscillator with one at 100 kHz
and the other was to eliminate the 40, 0 kHz data channel and substitute a 10. 5 kHz
data channel, The first possibility would utilize a larger percentage of transmission
bandwidth and the lead time on crystal procurement was extensive. The latter pos-
sibility would have resulted in a degradation of data due to information bandwidth com-
pression,

*Numbered superscripts refer to the references in the Bibliography.
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If future systems of this type are pursued, then consideration should be
given to the availability of the outputs of the individual channels prior to the record
amplifiers, in order that system testing can be more readily performed. Also there
should be provisions for adjustment of the channel band edges and amplitudes.

C, Aspect Instrumentation

An aspect determining system is provided on the OV3 - 5 spacecraft in
order to define vehicle attitude and provide data on the angle of attack of any instru-
ment with respect to the velocity vector of the spacecraft. This system as shown in
Figure 1-6, consists of a triaxial magnetometer sensor, a solar sensor, and associat-
ed conditioning electronics. The analysis and use of the data from this system will
be discussed in Chapter L.

1. Magnetic Sensoring System

The magnetic sensoring system consists of a triaxial magnetosmeter mount-
ed on a boom that extends out of the side of the spacecraft as shown in Figure 1-7, The
sensors are of the Schonstedt Heliflux type with a total field sensitivity of + 600 milli-
gauss per sensor. Each sensor is fed into its respective amplifier, the outputs of each
are then sampled by an analog-to-digital converter whenever the solar eye acquires the
sun. This information is required simultaneous with sun acquisitions and is sequent-
ially read out over the telemeter link. This requirement dictated a system capable of
parallel sampling and storage with serial read out. To provide additional information
one of the transverse axis magnetometers is read out continuously over a clear sub-
carrier oscillator.

Analog-to-vigmtal Converter - The design and development of the electronics
for conditioning the magnetic field data was accomplished by the investigation of two
possiblg approaches. The first of these approaches was an analog sample and hold
system and the second was an analog-to-digital-to-analog conversion technique. The
latter was selected due to its unlimited storage time and the increased accuracy of
digital data. The method of successive approximation was chosen becouse of its ability
to encode the input signal within seven clock pulses (140 usec). The input signals were
encoded into seven bits per signal in order to obtain a system accuracy of + 35 millivolts,
which corresponds to a field seansitivity of + 10 milligauss.

A block diagram is shown in Figure 1-8 and the wave forms are shown in
Figure 1-9, The internal clock is actually a square wave output of the Time Reference
Generator at 23.52 kHz and determines the logic seque&cing rate. This signal triggers
the clock pulse generator to give two square waves 180 out of phase with each other,
Also by preset functions, care is taken to insure that CP, is initaily low and that CP
is high. The preset generator i~ triggered by the solar éye command pulse. The out-
puts from this generator preset ne logic and storage binaries so that they are ready
to encode the data.

The open-ended counter geuerates seven sequential pulses which gate the
logic at the proper intervals. Once the seven pulses are transmitted the counter dis-
ables itself until the next preset pulse.

The function of the channel comparator, of which there are three, is to
compare the amplitude of the magnetometer signal with that of a Precision reference
voltage and determine the larger of the two by forming a logic "1" or "0". The refer-
ence voltage is the resulting states of the seven storage binaries. The preset pulse

14
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FIGURE 1-7. ATCOS ASPECT SENSORS & ASSOCIATED ELECTRONICS
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turns the first binary '"'on' and the remaining six ''off''. The reference ladder output is
now V o » this is sent to the comparitor for comparison with the input signal. If V /2
is lai srér than the input signal the logic gates will allow binary number one to remaif
"on'' and turn "on'" binary number two thus generating 3V 4+ Butif V is smaller
than the input the logic turns "off" binary number o.ae andr{urns "on'' bihafy number two,
generating V , which is then sent to the comparitor for further comparison. This
process continues until all binaries have been used in a comparison resulting in a gen -
erated reference which is within £V /128 ° Figure 1-10 is an example of a five binary
system of successive approximationr & seven binary system would continue until 128
output levels were available. Note that the dots signify decision states and the arrows
the possible directions of decision,

The states of the binaries are now decoded into the output ladders. The
first three binaries are coded into eighi quantized levels and the remaining four are
coded into sixteen quantized levels. The outputs of each of these digital-to-analog
ladders are then conditioned in a direct coupled amplifier for read out on the main
commutator,

Sy ——

The schematic of the complete analog-to-digital converter system is shown
in Figure 1-11. The integrated circuits were described as blocks previously, leaving |
only the comparitors, analog gates, and ladders. i

The channel comparitor shown in Figure 1-12 consists of two high gain oper-
ational amplifiers, a zero adjustment network, a voitage adder, and a function control
switch, Operationaliy the Field Effect Transistor, CM 690, is kept ''on'" until a preset

S0K
b4 I1 uf
A
Mag. Comparitor -vref
Input Preset

FIGURE 1-12, CHANNEL COMPARITOR

puise arrives, During this time the 1, 0 uf capacitor and the 50 Kohm resistor provide
the proper load for a calibrated magnetometer. The preset pulse opens the Field Effect
Transistor switch and allows the summing point to add both the input signal and the gen-
erated reference input. If the net result is pogitive, the operational amplifiers saturate
and produce a logic "1" which indicates that the input signal is larger than the reference.
Alternately, if the net result is negative, the operational amplifiers produce a logic 0"
indicating that the reference is larger. The next clock pulse operates or. the signal and
so on until all binaries have been into the comparitor.

The analog ladder as shown in Figure 1-13 is typical of the one incorporated
into the system. Operationally, as each of the seven inputs are connected to either V

- ::*i"!
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FIGURE 1-13. ANALOG LADDER

or ground the contribution of each input to V__. is either zerc or the weighted value
shown., These inputs are linearily added to thng output. By proper switch position
selectirn any output ranging from zero volts to 1277{28 V_ can be acquired, Within the
syster: are seven analog gates to provide this switching. A typical circuit to perform
this is shown in Figure 1-14, The position of the switch is dependant on the state of the

Q -8v -13v

8.2K 18K

o-ev 20K S

s Q’
- 0-v 27K 9
_,/\/\,/\,\1 '

FIGURE 1-14, ANALOG GATE

binary which in turn saturates either Q2 or Q3 resulting in Vr volts or zerc volts to the
analog ladder input,

The completed system was enclosed in a polished aluminum box 3 1/2 inches
by 9 inches by 3 3/4 inches and weighed approximately three pounds., The spacecraft
power required, to operate the system, was seven watts. The photograph of ATCOS,
Figure 1-15, chows a view of the Analog-to-Digital Converter mounted inside the struc-
ture of the satellite. The six outputs of the Analog-to-Digital Ccnverter are on the main
commutator along with five segments of time and solar eye data. An inhibit pulse from
the commutator prevents a solar eye command pulse from occurring during the read out
periods, and thus insuring that the aspect data will remain fixed during this time,
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FIGURE 1-15. ATCOS ANALOG-TO-DIGITAL CONVERTER ELECTRCNICS
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Calibration of the Analog-to-Digital Converter - The calibration of the
Analog-to-Digital Converter was accomplished by imtially adjusting each of the three
channel outputs to the zero level when the gignal inputs were grounded. Then the dc
output amplifiers were temperature compensated to maintain zero volts over the tem-
perature range of 0 F to 90°F, The next step was to adjust the amplifier output of the
first amplifier to five volts at eighth level and of the second amplifier to five volts at
the sixteenth level. This resulted in steps of 0.625 volts for the eight level staircase
and 0. 3125 volts for the sixteen lev81 staixbcase. Th%twenty-four output levels were
then recorded at temperatures of 0°F, 55 F, and 90°F,

In order to calibrate the analog-to-digital section the input voltage to each
channel was varied slowly over the range of magnetometer calibration. When the out-
put levels changed, at approximately every 35 millivolts of input voltage, the absolute
input voltage was recorded. This procedure was followed for each of three channels
at each of the three temperatures. This resulted ir. particular sets of output levels as
a function of input voltage, The curve that represents this data can be approximated
by a second order equation in the form:

- 2
vin =a, + alL + azL

where L represents the output levels numbered 0 through 127, Solution of the expression
results in the coefficients which describe each of the two complete systems. The follow-
ing table lists the coefficients for each channel in each Analog-to-Digital Converter
Systvm.

System Channel a, a a,

Serial No,
1 x  .12560212x107)  .35395177x10;' - .53752649x10]5
1 y  .17240058x10") .35211105x10 ), - .28049445x10]§
1 z  .33652090x10;'  (35367001x10) - .31239278x10
2 x 1191449310  .35411273x10 ) - .48796544x10°
2 y  .192313x10° L,  [35214075x10]] + .96907670x10
2 z  .14868820x10 " . 35144360x10 0 -  .11546659x10

2. Solar Sensoring System

The digitai solar aspect system, manufactured by the Adcole Corporation,
consists of a sensor and its associated electronics. The colar aspect system is shown
in the block diagram of Figure 1-16. The sensor, as seen in the photograph of Figure
1-7, is mounted to measure the angle between the spin axis of the spacecraft and the
sun,

The sensor is composed of two command reticles and two gray-coded ret-
icles through which light passes before impinging upon photocells of one solar constant,
When the sun is in the plane that is normal to one of the command eye reticles, gates
are opened from the correspecnding gray-coded reticles to a storage register to store
the gray-coded angle information. At the same time information from the Time Re-
ference Generator and the Magnetic Sensoring System are stored in their respective
registers.

The solar aspect storage register output has eight binaries containing in-
formation that is coded into three digits. The outpuis of the first six binaries are
amplitude coded into two output digits of eight discreet levels each. The most signifi-




cant bit and an identification binary are combined into a four level digit output. The ]
eighth binary is the sensor identification. It represents a logic one or zero depending .
on which of the gray-coded reticles is activated. An inhibit gate, generated by the
Master Commutator, prevents a command pulse from resetting the storage registers
during the read-out period, thus insuring that data will remain fixed during this time,

D. Mass Spectrometer Commutator

The two Mass Spectrometers on board the ATCOS satellite use two cali-
bration sweeps each of which would bhave had to be telemetered on a separate subcar-
rier oscillator channel. The availability of only one channel due to recording band-
width limitations necessitated the design of a non-return to zero commutator to sample
the sweeps. In order to fully utilize this information additional segments were pro- ,
vided for monitoring bias and current signals from both Mass Spectrometers, as well
as the two second staircase output of the Time Reference Generator.

In order to allow flexibility in matching the band pass capabilities of a
particular low frequency channel, the number of segments per frame can b varied |
to 60, 40, or 30 while the frame duration is held constant at 4 seconds.

The format of the frame begins with a standard five segment frame sync j
consisting of a zero reference, three five volt reference segments, and followed by !
a 2.5 volt segment. The next five segments are separate information channels which
will monitor bias, current and Time Reference Generator staircase outputs., After
tiese ten segments, the commutator samples alternately the two Mass Spectrometer !
sweeps until the end of the frame,

1. System Operation

A block diagram of the commutator is shown in Figure 1-16. Pulse trains
of 1/2 pps and 30 pps, available from the Time Peference Generator, are used to time
the operation of the commutator. The 1/2 pps is applied to the Master flip-flop, which
divides by two, to give a ''start frame'' command once every four seconds. The 30 pps
signal is fed to a frequency divider which generates the internal clock pulses and deter-
mines the segment duration. Division by 2, 3, or 4 will result in segment durations of
approximately 66 msec, 100 msec, or 133 msec, For a frame duration of 4 seconds,
this division gives the commutator 60, 49, or 30 segments for data.

The "start frame'' command pulses an open ended ring-counter which is
stepped by the clock pulses. There are ten positions in the ring-counter which sequent-
ially applys the signal on their input gates to the output bus. The first five gates have
Ov, 5v, and 2, 5v reference voltages on their inputs to make up a frame sync as defined
by IRIG standards. The last five gates are used to telemeter Mass Spectrometer bias
and current monitors. When the tenth gate turns off, a pulse is coupled to start the
Sampling flip-flopwhich is also gated by the clock pulses.

The Sampling flip-flop stage has the two calibration sweeps of the Mass
Spectrometers as inputs to its gates. The sweeps are alternately switched to the out-
put and continue to be sampled until a new ''start frame" command pulse arrives turn-
ing off the Samgpling flip-flop and starting a new frame,
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2, Circuit Operation

The schematic diagram of the entire commutator is shown in Figure 1-17,
The 1/2 pps signal triggers the Master flip-flop while the 30 pps signal is fed through
an isolation - driver stage, Q,, to the frequency divider, These pulses are used to
step charge capacitor C, through the variable resistor R,, By adjusting R, , C, can
be charged to the unijunl&tion firing voltage on either the second, third or flourtl* pulse
resulting in a frequency division, Presently R, has been adjusted so that the unijunc-
tion fires once for every three pulses from the 30 pps signal yielding at the base one
of the unijunction, positive pulses at the rate of 10 pps. This output is applied to Q2
which provides the negative clock pulses for the rest of the commutator,

A synchronizing circuit was included in the clock generator to keep the 10
pps output in step with the 1/2 pps. Although the 30 pps and 1/2 pps signal were sync-
hronized, the 10 pps is not necessarily slaved to the 1/2 pps signal since any one of
three pulses could start the charging process. The Q, side of the Master flip-flop is
used to pulse Q, and discharge C, to the voltage set by the resistive divider RlO and
R11 which is adjusted to equal the unijunction residual voltage.

The commutator output format is primarily achieved through the use of
eleven trigistors. The trigistor is a p-n-p-n device which aPproximates the circuit
function of a conventional flip-flop. The trigistor is turned "on' (made to conduct) by
a positive pulse at the base and once ''on" it will remain "on" without the need for con-
tinued base current. It is triggered "ofi'' by a negative going pulse at the base and
will remain "off" until triggered "on' again. The preferential state of the trigistor

is "off".

Ten trigistors form an open ended ring-counter which operates in the follow-
ing manner. When the Master flip-flop is triggered into the "one" position (Q, off, Qg
on) point A goes from zero to 15v, coupling a large positive pulse into the basé of T, ,
turning it "on' and lowering its collector (n-p-n sense) to zero. The 0.047 uf capa%i-
tor C, , quickly charges to 15v. This then allows the dinde with the clock pulses on its
cathoae to conduct at the next negative going pulse from the frequency divider. The
negative pulse couples through C, turning T, back "off''. As the collector of T, switches
back to 15v, the next trigistor, ’l"2 , is turned ""on” in the same manner as T,, gnd is
turned "off'' 100 msec later by thé next clock pulse, Each successive clockﬁ)ulse steps
the ring-counter through to T,,. While each trigistor is "'on' the associated transistor
gates Q. through Q, ., are saturated in sequence causing any zero to 5 volt signal on
their emitters to bé switched to the output,

As trigistor T, is turned back "off'" , T, is turned "on" and through gate
Ql7 applies power to the Sk?npling flirnflop. A smali capacitor, C1 , and series resis-
tor, R g, insure the initial turn "on" of Q,, thereby allowing the ' 8" transistor Q
to saturate gate Ql switching sweep one to Qhe output, Then as the internal clock t}Pg-
gers the Sampling Plip-flop, the output is switched between sweeps one and two on Ql
and Q,,. This sampling continues while the Master flip-flop is switched to the zero
state l% on, Q. off) by the second pulse of the 1/2 pps signal. After four seconds a
third 1/ ¢ pps pulse resets the Master flip-flop to ''one''. The switching of Q. from "off"
to "'on'" couples a negative pulse turning trigistor T., ""off" and through Q,.,, “stops the
Sampling flip-fiop. Simultaneously the Q4 side of t}lk Master flip-flop ini)tltes a new
frame by restarting the ring-counter,
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3. Performance

Two Mass Spectrometer Commutators have been constructed and calibrated,
The maximum offset erro= of any gate was less tha%so millivo&ts. The commutators
met specifications over a temperature range of - 30°F to + 150 F with a power supply
variation of +6 volts from the nominal value of + 28 volts, The power required for
each was less than 0, 6 watts, They were enclosed in chrome plated boxes 3.5 inches
by 3 inches by 1.125 inches and weighted 8. 75 ounces, The commutator can be seen
mounted in the spacecraft in the photograph of Figure 1-7,
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CHAPTER I
THE ASPECT DETERMINING SYSTEM

A, Introduction

In general, gyroscopic devices are required to determine the aspect of
space-vehicle sensors with respect to the vehicle's trajectory, However, in the case
of sounding rockets and low-altitude satellites, the aspect can be readily computed if
in-flight measurements are made of the earth's magnetic field and relative position
of the sun, This type of system is relatively inexpensive to develop and fly, and is
the type employed on the satellite discussed in Chapter I. During this contract the
hardware sy:tem was developed, the main program for aspect calculation envisioned
in skeletal form, and the necesaary sub-programs written and perfected. The final
main program is now undergoing final development under follow-on contract AF 19
(628)-5140, TIn what follows effort is made to explain the requirements and objectives
of the system as well as the individual sub-programs. The specific detail of the
programs themselves will be published later in a Scientific Report prepared under
contract AF 19 (628)-5140,

B. Magnetic Agpect System Philosophy

The satellite contains three magnetometers mounted mutually perpen-
dicular with one magnetometer lined-up with the spin axis of the vehicle. The read-
ings of these three sensors allow the projections of the magnetic field along each
body axis to be measured. Later this telemetered information can be used to deter -
mine a cone with the magnetic field along its major axis and the spin axis of the
satellite being used to generate the cone's surface,.

The solar eye working in conjunction with the spacecraft clock deter-
minesg the time at which the sun is in the plane of the eye and also the angle between
the longitudinal axis and the sun, This telemetered informatior. can be later used
to establish a cone with the sun along its major axis and the longitudinal (spin)