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1. INTRODUCTION:

The documentation for this data set was originally on paper, kept in NSSDC's

Data Set Catalogs (DSCs). The paper documentation in the Data Set Catalogs have been
made into digital images, and then collected into a single PDF file for each Data Set
Catalog. The inventory information in these DSCs is current as of July 1, 2004. This
inventory information is now no longer maintained in the DSCs, but is now managed in
the inventory part of the NSSDC information system. The information existing in the
DSCs is now not needed for locating the data files, but we did not remove that inventory
information.

The offline tape datasets have now been migrated from the original magnetic tape to
Archival Information Packages (AIP’s).

A prior restoration may have been done on data sets, if a requestor of this data set has
questions; they should send an inquiry to the request office to see if additional
information exists.



2. ERRATA/CHANGE LOG:

NOTE: Changes are made in a text box, and will show up that way when displayed on
screen with a PDF reader.

When printing, special settings may be required to make the text box appear on the
printed output.

Version Date Person Page Description of Change

01

02



3 LINKS TO RELEVANT INFORMATION IN THE ONLINE NSSDC
INFORMATION SYSTEM:

http://nssdc.gsfc.nasa.gov/nmc/

[NOTE: This link will take you to the main page of the NSSDC Master Catalog. There
you will be able to perform searches to find additional information]

4. CATALOG MATERIALS:
a. Associated Documents To find associated documents you will need to

know the document ID number and then click here.
http://nssdcftp.gsfc.nasa.gov/miscellaneous/documents/

b. Core Catalog Materials


http://nssdc.gsfc.nasa.gov/nmc/
http://nssdcftp.gsfc.nasa.gov/miscellaneous/documents/

PEGASUS 1, 2, 3

CARDS AND TAPE IMAGES OF CARDS

65-009A-01A

65-039A-01A

65-060A-01A

THESE DATA SETS HAVE BEEN RESTORED. THERE WAS ORIGINALLY ONE
7-TRACK, 556 BPI TAPE WRITTEN IN BCD. THERE IS ONE RESTORED TAPE,
WRITTEN IN ASCII. THE DR TAPE IS A 3480 CARTRIDGE AND THE DS TAPE
IS 9-TRACK, 6250 BPI. THE ORIGINAL TAPE WAS CREATED ON AN I1BM 7094
COMPUTER AND WAS RESTORED ON AN IBM 9021 COMPUTER. THE DR AND DS
NUMBERS ALONG WITH THE CORRESPONDING D NUMBER AND TIME SPAN 1S AS

FOLLOWS:

DR# DS# D# FILES TIME SPAN 1D#

1-2 02/17/65 - 03/29/66 65-009A-01A
3-5 05/25/65 - 10/31/67 65-039A-01A
6-8 07/30/65 - 08/15/67 65-060A-01A

DRO04082 DS004082 D0O00208


http://nssdc.gsfc.nasa.gov/nmc/datasetDisplay.do?id=PSSB-00010

C-037123

CONDENSED PEGASUS 1, 2, 3 FORMAT

COLUMN
1 Satellite Penetrated
2- 3 Year of Penetration
4= 6 Day of Penetratiom
7-10 Hour and Minute of Penetration
12-15 Local Time of Penetration
17-20 Satellite Clock Time when Penetrated
22-26 Latitude of Penetretion
28-32 Longitude of Penutration
34-38 Ecliptic Latitude when Penetrated
40=44 Ecliptic Longitude when Penetrated
46-49 Right Ascension when Penetrated
51-55 Declination when Penetrated
57 Z Side of Pepetratioa
58+60 Panel Penetrated {Assigned #)
61 Y Side of Penetration
62 Thackness Penetrated
64-68 Pulse Verify (Duratiom im MSEC)
70-74 Temporature Probe on +Z Side when Pemetrated (°C)
76-80 Temperature Probe om -Z Side when Penetrated (°C)

FILE l: PEGASUS I C
Feb. 17, 1965 to March 29, 1966

FILE 2: PEGASUS II A, B, C
May 25, 1965 to October 31, 1967

FILE 3: PEGASUS III A, B, C
July 30, 1965 to August 15, 1967




File One

File Two

File Three

File Four

File Five

File Six

File Seven

File Efght
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FOREWORD

This Data Users' Note is specifically designed to help potential data users decide if they
can make use of the dala obtained in lhe Pegasus 1 (1965 09A), 2 (1965 39A), and 3 {1965
60A) meteoroid penctration detectors experiment. Once a data user decides that he re-
quires the data, it will serve as the unifying element — the key — in the actual use of the
data available ct the National Space Science Data Center (NSSDC). To achieve these goals,
the Note briefly describes the experiment, including the instrumentation and measurements,
the telemetry, and the operational expcrience. All available details are Lhen provided on Lhe
actual reduction techniques and format of recorded data. For thosc desiring more de
tails, the names and addresses of the experimenters are provided to facilitate direct contact.
As a further aid, detailed references (and bibliography) are also included. When available.
NASA accession numbers® are given. The primary purpose of these refcrences is to identify
the sources containirz complete informition concerning the subject under discussion. Most
of these references are physically available at ;’SSD% — those that are pot are readily
obtainable.

Inquiries concerning the availability of data should be directed to:

National Space Science Data Center
Cude 601

Goddard Space Flight Center
Greenbelt, Maryland 20771

Area Code 301 982-6695

*For cxample, N64-2243 i an secession pumber for an article reported in the Scier tifie and Technical Aerospace Repora
(STAR), and A53-5921 rolere to an entry In the International Aerospace Absiracts (1AA)
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PEGASUS 1 (1965 09A), 2 (1965 39A), AND 3 (1965 60A)
METEOROID PENETRATION DETECTORS

BACKGROUND

The primary mission of the Pegasus project was to measure the frequency of meteoroid
penetration of a satellite in the near-carth orbit in order to ascertain the probabie meteoroid
collision hazard to manned space flights. Thus, the main objective was to obtain measure-
ments of the meteoroid abundance over the mass range 10”7 to 10~ gm with greater ac-
curacy than those of past methods. Measurements of the number-mass distribution of
metcoroids in the mass range 107" to 10™" gm have been conducted by impact sensors on
other space vehicles, specifically Explorers 13, 16, and 23. Data points for the mass range
of 10™ gm to several grams have been determined with opticai uad radar systems from the
ground.

The aluminum selected for meteoroid penetration detectors was intended to simulate ma-
terials used in a manned spacccrait, and I.Licknts.-‘cs of aluminum were varied down to foil
thickness to provide comparisor: with similar thicknesses on Explorer 16 and 23 impact
detectors.! 2

The Pegasus projeet was directed by the Office of Advanced Research and Technology at

NASA Headquarters. Scientists at the Marshali Space Flight Center had the responsibility
for carrying out the development and operation of the project.

The mission plans for all three spacecraft called for orbits ranging from 500 to 700 km,
orbital inclinations of ~30° and periods of ~100 min. The orbital parameters of the space-
craft were as follows:?

Pegasus 1 Pegasus 2 Pegasus 3
Launch date 2-16-65 5-25.65 7-30-65
Apogee (km) 732.7 742.1 540.0
Perigee (km) 501.6 S1L.7 521.9
Period (min) 97.0 97.0 95.3
Inclinstion {deg) 31.8 318 28.9
Eccentricity 0169 0164 0013

INVESTIGATORS

R. J. Naumann — Marshali Space Flight Center, Huntsville, Alabama
K. 5. Clifton — Marshall Space Flight Center, Hunisville. Alsbama




EXPERIMENT

The Pegasus satellites used paraile] plate capacitors as meteoroid detectors
through the capacitor crcated a discharge wi'ch was
indication. An exploded view of the capacitor detcotor assembly is shown in figure 1. The
alodinc thermal control coating was chesen because
the target sheet. The 0.04-mm target sheet was of |

Instrumentation and Measurerents

A penetration
processed by the electronics as a “hit”

it added only a negligible thick acss to
100-0 abuainum while the two thicker

' targets were of 2024 T-3 alaminum. The 12-micron dielcctric was approximately half mvlar

and half adhesive sinee it was composed of three

individual layers of mvlar bonded together.

The foam core served both as a structural member and as a barrier to prevent the meteoroids

and debris from passing
site side of the wing.

through one rapacitor and then striking the capacitor on the oppo-
The foam core for the 0.04-mm target sheet capacitors was 2.54-cm-

thick rigid closed cell foam to provide additional structural stiffness. There were 316 in.

dividual capacitors forming 208 detector

assemblics on each spacecrafi.

The meteoroid detector assemblies were mounted on the two wings of the satellite so that
both capacitors were exposed. The wings unfolded to dimensions of 29.3 m X 4.1 m. The
separate wings were identificd as the +Y and -Y wings; reverse sides were designated +Z and
-Z: and the forward direction of the satellite structure was called +X. The orientation of the
wing configuration is indicated in figure 2.

CAPACITM—-{
FOAM CORE——+

CAPACITOR

TARGET SHEET

TARGET SHEET

' 4

MM FLEXIBLE

z e e e
OPEN CELL FOAM

12ZMM RIGID CLOSED
CELL FOAM

6MM FLEXIBLE

OPEN CELL FoAM

075 VAPOR DE-

POSITED (DPPER

2u MYLAR
DIELECTRIC

0.4,0.2,0R 004 MN
ALUMWNUM

Figure 1~ Meteoro:d Senca: Pang!
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The total sensitive arca on each satellite was approximately 200 m® , which was divided
among Lhc three target shect thicknesses as shown below, {figure 3).

1

Area on Respective Satellite !

Target Sheet Thickness {

Pegasus 1 Pegasus 2 Pegasus 3 I

0.04 min 647 m? 652m® |  (52m? |

0.2 mm 15.84 m? 14.45m* | 14.45m* |

0.4 mm 166.14 m? 167.80m* | 16287m? |

Total* 188.46 m? . 188.76 m*® ; 183.83 m* _il
*Totals are rounded off.

Fizure 3—Pegasus Targe: Shaer Thicknessps,

The individual capacitors were clectrically connected in parallel to form 62 logic groups.
The 0.4-mm arca was subdivided into 48 logic groups of five tu eight capacitors each, the 0.2
m area inlo six logic groups of three to eight capacitors rach, and the 0.04-mm ares inio
eight logic groups of two capacitors each. The origin of cach penetration event could be as-
signed 20 onc of these logic groups by the electronics. The -Y wing had 30 logic groups and
the +Y wing had 32. Apart from these minor differences the circuttry for cach wing was
identical. The numbers on the wings in figure 2 refer to the logic groups.

At the time of meteoroid penetration a temporary electrical short appeared in the capaci-
tor which immediately cleared and allowed for recharge of the detector. The initial negative
going voltage drop across the capacitor sturted an integrator in the hit detector which inte-
grated the voltage drop ac-oss the detector panel for 250 usec.  If the integrated voltgee-time
product was greater than a predetermined value (the equivalent of a discharge with normal
recharge of 5 volts for the 0.2- and 0.4-mm capacitors and 3 volts for the 0.04-mm capacitors
on Pegasus 1, and 4 volts for all thicknesses on Pegasus 2and 3), a “hit™ pulse was generated.
This pulse was used to initiate all follow-or circuitry. There were six hit detectors on each
spacecraft. Three detectors served each wing with cach detector monitoring all of the capaci-
tors of the same thickness on one wing.

The current to recharge the capacitors (o their normal 40-volt operating potential came
from a network of 14 current recharge amplifiers (CRA's). Three of these identical CRA’s
supplied current to each logic group with no two oups connected to the same three CRA's,
The identity of the detector group impacted could therefore be established by determining
which three CRA's were supplying current immediately after impact. The length of time
that recharge current was drawn above a threshold level was also measured. This time could
be directly related to the depth of discharge of the capacitor. In order to prevent the un:
affected capacitors in a logic group from contributing to the recharge of the impacted capaci-
tor and thus preventing proper identification of the group, each capacitor was isofated from
the others with a resistor-diode cireuit placed between the capacitor and its signal lead. This
kept the threshold level of the logic-group-identification circuitry at the same threshold level
as lhat of the hit amplifier.




Jince it was possible for capacitors to become electrically noisy or permanently shorted,
switches were provided so that any logic group could be individually connected or discon-
necled from the sateliite electronics. This procedure could also be used Lo test the clectron-
ics in orbit because the reconnection of a logic group would look like a meteoroid penctra-
tion to the electronics. On Pegasus 2 and 3 fuses were installed to cach individual capacitor.
If a noisy or shorted logic grou’:]wns detected, the logic group would be switched to a special

high currer.’ source which would blow the fuse of the affected panel. The logic group would
then be reconnceted to the normal satellite electronics. This procedure changed the seasitive
arca of the logic group. The change could be delermined by measuring the recharge time of
the logic group from a full 40-volt discharge since this was proportional 1o the number of

capacitors in the group.

To prevent high frequency noise bursts from registering as impacts, it was necessary to
clip the level of high frequency negative signals. This was accomplished Ly passing the siznal
from the capacitor thiough a low-pass filter consisting of a series resistor, a zener diode, and
scries capacitor to groung. The hit amplifier was not sensitive to positive signals. The design
of the hit amplifier, which was especially insensitive to noise, was dictated by a problem
which arose with the storage and subsequent release of high energy electrons from the mylar
dielectrie. The integration circuitry of the hit amplifier rejected the high frequency bursls
when they were followed by a low-voltage normal dischacge that was characteristic of the
clectrons. A radiation sensor was installed in the spacecraft to measure the omnidirectional
flux of electrons as a function of position in orbit as » further protection against these spur-
ious signals.*

Temperature measurements were made on two detoctor assembly sections so that any
malfunction of the capacitors associated with their operating temperatures could be detected.
Therc was also an attitude detection system consisting of solar aspect and earth sensors to
supply data which could be used to determine the directionality of the impinging meteoroids.} 4

Telemetry

The attitude, tempecature, and radiation data from the Pegasus satellites were sccondary
data intended to provide additional input to the meteoroid analysis. The data were recorded
in the memory at 5-min intervals as controlied by an on-board clock. If the motion of the
satellite was in question it was possible to command a rapid-attitude mode that recorded
attitude data every 1.25 sec so that the ambiguity could be resolved. In addition to the
capacitor temperatures, there were other temperature measurements on board. Some of
these were recorded at intervals and some were broadcast real time,

The meteoroid data took precedence over all other data and were processed upon occur-
rence. The hit pulsc generaled by the hit amplifier served to initiate the processing by acti-
vating the word control logic circuitry. This, in tuen, gated the word select which cstablished
the word identification code and initiated the flow of dala to the input data shaper and
parity generator. Simultaneously, it gated the output of the current recharge amplifiers Lo
permit flow of panel (or group) identification information and pulse length information into
the respective storage buffers. It activated a hit channel register encoded to identify the wing
(+Y or -Y) and the thickness of material penetrated. The hit word, fed in parallci to memory

*No correlation between electron flux and sctyal meteorold pulses has boen noted.
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for storage and to the puise-code-modulated (PCM) transmitter for real-time lransmission,
was highly redundant in information. It contained identification of the panel impacted,
thickness identification, wing identification, verification of pulse (recharge time), and time
of occurrence of impact to I-min accuracy. A schematic of all of the word formats is given
in figure 4.

The memory data were transmitted upon ground command. Al each rezdout the memorn
was aulomatically cycicd six times to assure correct data. After readout the me nory could
be cleared by a separate command. In addition to the PCM me mory data, there were rval-
time pulse-amplitude-modulated (PAM) housckeeping data which were transmiticd continu-
ously over one of two beacon transmitters. The beacon earricd not only the normal house-
keening measurements such as currents, voltages, and temperatures, but also transmitted
cach word as it was placed into the memory. The bescon data could therefore provide a
cross-check on the memory data. Another beacon crose-check was the cumulative hit counter
which was updated by the hit pulsc fros the hit amplifier. There was one counter for - ich
capacitor thickness, and the total number of events on each thickness was broadcast cun-
tinually over the beacon.

Operational Experience

The three Pegasus spacecraft began transmitting data on their respective launch dates and
were still operating at the time of nublication of this Data Users” Note, although meteoroid
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analyses ended August 1969. The operational aspects of the three satellites are discussed
in this section.

Pegasus 1

The major problem occurring in the operation of Pegasus 1 was higher than cxpected per-
manent electneal short rate in the 0.2-mm and 0.4-mm detectors. Furthermore, it was impos-
sible 1o ideatify a panel group where five to cight detectors were connected. Some spurious
di~+ hiarpez wepe aley rewilered, The sl wealide daia froom 1% paqus | were aolitained from the
0.0 mm paneis and the least usable data were from O 4-mm delectors. No correlation was

found between measured electron flux and recorded pulse rales of the meteoroid detectors

Errors were found in the attitude system but the data were still usable. The detector plane
was normal to the satellite’s rotational axis which precesses slowl in space under the in-
fluence of gravity gradient torques.}

Pegasus 2

Minor changes were made in the electronic sysiem of Pegasus 2. As previously stated, the
threshold adjustment was changed from 5 voits on Pegasus 1 to 4 volts on Pegasus 2 and 3
The current recharge amplifiers were also modified to increase the sensitivity. Isolation be-
tween the detectors was increased by setting resistance to 1 meaohm and installing fuses be
tween each detector.

Intermittent failures occurred in the PAM and PCM channels but stable transmission in
the PCM channel was re-established.!

Pegasus 3

Pegasus 3 was essentially the same as Pegasus 2 except for some reworking of the atlitude
system. The only problem was the failure of one FM tiaismitter after 3 moaths, but this
did not result in a2 loss of data.

The orbit of Pegasus 3 was adjusted to a nearly circular orbit of approximately 530 km.
Removable panels were installed on the wings of Pegasus 3 for possible recovery by an astro-
naut on a Gemini flight. {This mission, however, was not accomplished ) This feaiure dightls

decreased the effective detection area on the wings.!

DATA
Reducticn Technigues

In reducing the meteoroid data, the first task was to reconstruct the conteats of ihe salel-
lite memory for each readout. The memory was therefore read out six times before it was re-

cyeled. A computer scarched for the synchronization pattern for cach of the six repetitions and

formed 23 many complete files of the memory as possible. A composite memory was then
constructed word-by-word by taking each 40-bit word and comparing it with the correspond
ing 40-bit word in every file. The word that had at least one duplication in another file was
taken for the composite memory. (See figure 4.)°
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The totai count for each thickness obtzined from the beacon transmitter served as a check
{or the total murber of hit words that should be found in the satellite memory. An attempt
was madeslo {ind a hit word corresponding to each count registered by the cumulative
counters.

The next task in the data reduction was to scparate natural events from those which re-
sulted from commands. A large number of *ws* hits™ were commanded by subscquent!y
disconneeting and reconnecting a selected detector panel group. Since therc was no wa;
to distinguish between a “test hit™ and a valid penetration, the command log maintained by
the Satellite Control (SATCON) facility had to be used. A hit word indicating the peneira.
tion of more than one thickness and a simultancous incrementing oi two or more counters
could be attributed to transients in the system and were therefore disregarded.>

At least 1 msec was considesed necessary for recharging a capacitor. Any events oo urring
in which the recharge time was less than this value were considered invalid counts. Other
events that may have resvlted from the thermal cyeling or intermittent operation had to be
climinated from the usable data. Most intermittent events were eliminated by disregarding
more than one event per orbit from a single logic group. Events resulting from random shorts
could be detected if the observed number of events greatly excecded the expected number
for a given group. The probability of rejecting valid data was calculated to be quite small 5

Groups which were observed to short several times without writing a hit word w cre dis-
regarded. Also excluded were groups which required excessive time between even:s. It wos
concluded that this was caused by reduced voltage which geeatly lowered the detection proba-
hility.

Hits that produced an improper bit pattern in the pancl {or group) identification werc
considered valid and an estimate was made as to the actual panet identity.S

The arca-time contribution for any group was considered only during the time when the
hiis on that group were considered valid. In deniving the perforation frequency for each
thickness, cach panel may ". onsidered a separate experiment.®

Timespan of Data

NSSDC has penetration data on the number of valid hits for the time period February 17,
1965, to October 31, 1967.

F=rmat of Available Dstz

The data are currently available on one tape writlen in even-parity with 80 BCD _.racters
per record at 2 density of 556 bpi. The data are also available on approximately 4000 punched
cards br 68 data tabulation sheets of computer printout.

The followir;g is a key to the interpretation of the punched cards and computer printouts
of the Pcgasus data. Note that two lines are required for a single listing.




Columns 1-3
Columns 5-8
Column 10
Columns 11-13
Column 14
Column 15

Columns 17-21
Columns 23-27
Columns 28-33
Columns 35-38

Columns 40-42
Columns 45-49
Columns 52-5€
Columns 58-59
Column 61

Columns 1-3
Columns 5-8
Column 10
Columns 11-12
Column 14
Calumn 15
Colmns 17-21
Columns 23-27
Columns 29-32
Columns 34-32
Columns 40-43
Columns 45-49
Columns 5258
Columns 58-59
Column 61

Kev for furmat of al! punched cards with a 1 ia Column 80:

Day of penetration (UT~

Hour and minute of penetration (UF=

Z side of penetration (+, —, or *,* meaning not determinedi—

Panel penetrated {assigned numbesl—

Y side penetrated—

Thickness penetrated {1 = 18 mils or C.4 mm, 2 = 8 mils or 0.2 mm, =nd
3 = 1.5 mils or 0.04 mm}—

Pulse verify (duration in msee)-

Temperature probe on the +Z side when penetratad {8~

Temperature probe on the —Z side when penetrated (*G}—

Sate'ite clock time when penetrated (1—2048 clock cycle fram which U5—
was determined)

Local time when penetrated

Latitude of nenetration-

Longitude of penetratiorr—

Year of penetration—

Sslellite penetraied—

Key for format of ali punched cards with a 2 in Column 80:

Day of penetration (UT}—

Hour and minute of peneiration (UTF—
Z side of penetration—

Panel penetrated (assigned numbezi-
Y side penetrated—

Thickness penetratrd (mi'sk—
Ecliptic longitude when penetrated-
Ecliptic latitude when penetrated—
Right ascension when oenetrated—
Declination when penetrated—

Loegl time when penetrated—
Latitude of penetratior—

Longitude of penetration—

Year of penetration—

Satellite penetrated—
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