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PRELIMINARY REPORT ON THE CTS TRANSIENT EVENT COUNTER
PERFORMANCE THROUGH THE 1976 SPRING ECLIPSE SEASON
by N. John Stevens, Robert R. Lovell, and Vernon W. Klinect

Lewis Research Center

ABSTRACT

The first known harness transient detector flown on a synchronous
satellite has bheen operating on the joint Canadian-American Communications
Technology Satellite (CTS) since January 31, 1976. This detector, called
the transient event counter (TEC), senses and counts transients having
a voltage rise of greater than 5 volts in three separate wire harnesses:
the atritude control harness, the solar array instrumentation harness
and the solar array power harness.

This report describes the TEC, defines its operational characteristics,
and presents the preliminary results obtained through the first 90 days
of operation including the Spring 1976 eclipse season. The results show
that the CTS has been charged to the point where discharges have occurred.
The discharge induced transients have not caused any anomalous events in
spacecraft operation The data indicates that discharges can occur at any
time during the day without preference to any local time quadrant. Tke
number of discharges occurring in the one second sample interval are
greater than anticipated. The compilation and review of the data is con-
tinuing,

INTRODUCTION

The joint Canadian-American Communications Technology Satellite
(CTS) is the first of a new generation of high power, high frequency
communications satellites utilizing a 12 GHz, 200 watt r.f. transmitting
system (ref. 1). This satellite was launched January 17, 1976, and
placed in a synchronous equatorial orbit at 116° West Longitude.

Since the early 1970's satellites in synchronous orbifs have been
experiencing anomalous electronic switching events (ref. 2). This
anomalous behavior is believed to be caused by the coupling of environ-
mentally induced discharge pulses into the low level logic circuits used
on these satellites. The data from an experiment on the ATS 5 and -6
satellites has shown that clouds of kilovolt electrons can occur at
synchronous altitudes (ref. 3). It has been shown that these clouds can
charge the satellite ground to potentials that range ‘rom a few hundred
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volts to several kiloveolts negative (ref. é and 5). The range to which

‘the spacecraft grounds can be charged in a given particle environment

is determined by the areas of the satellite grounded metal surfaces that
are in the sunlight. The photo-emitted electron current from these

- gunlit surfaces can partially balance the incoming electron flux and o
maintuin the spacecraft potential within a few bundrpd volts relative to

the space plasma potential. If the spacecraft grouud can be charged in
this manner, then it must be assumed that the insulators can also be
charged, Furthermore, the insulator surfaces that are shaded can be
charged to the kilovolt level even when the spacecraft grounds are main-
tained at.the few hundred volt level. When the satellite dinsulator _
surfaces are charged to the kilovolt level, a discharge can be triggered -

~‘and the resulting pulse of electromagnetic energy can cause anomalous o
behavior in sensitive electronic clreuits.

The Commuqlcatlons Technology Satelline (CTS) was d651gned in the

:-1970-71 timé period when the spacecraft charging phenomenon was barely

recognized by project persomnel. As a result the satellite incorporated
design techniques which were normally used at that time for lightweight
satellites° Thermal blankets were used to close the top and bottom
spacecraft body openings and solar cells, optical solar reflectors and

'_811vered Teflon were ised on the satellice excerlor (see flﬂurn 1)

The unique feature of the satelllte is the size and constructlon of_

" the deplaysble solar arrays, each 1.2 'x 7.6m long which have the solar

cells mounted on a 3 mil Kapton fiberglass composite substrate. The
satellite is three axis stsbilized and the solar arrays. track the Sun.

. Therefore, this satellite has large areas of exposed insulator surfaces
“that are shaded when the satellite is in orbit, These surfaces can be -

f‘harged by the electron clouds at synchronous alticudes.

The concern for possible spacecraft charging efiects on the CTS led
to thé establishment of an investigation to determine the’ response,of the

. spacecraft surfaces to. the: substorm particle floxes (ref, 6). Late in

‘the CTS pregram, a recommendation was. made to incorporate a charging -
- diagnostie device. This recommendation was accepred by the CTS Project
provided that thé weight and power comsumption were minimized. A ‘decision:
"~ .was made that a harness transient detector would be an acceptable minimum
device. It was assumed that the data on the enviromment that could charge

the: surfaces could be obtained from other sources,, Thus, the haruess

.transient detector, called the Tramsient Event Counter (TEC) .was built,
- ‘qualified and integrated into.the flight spacecraft six months prior to _
o launch, - This is the £irst such detector known -té be on a satellite in .
'ffgeosynchrcnous orbitb' o e

8 “ This report Wlll describe the: TEC deflne its operational characcexf :
.__1st1cs and present the ‘preliminary results obtained through the 1976
" Spring eclipse .season. The data on charging environment is still_being
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collected. However, the preliminary data of an indicacipn of the state
of the environment, the K index, from. the ground station at Anchorage,

'Alaska: is given as a gross indicator. This K index measures. the

geomagnetic effects of solar particle flux at a specific station at 3 hour
intervals (ref. 7). Hence, it can be used as an indication of the state

of the environment, The K index values are given on a scale of 0 to 9. _
The higher numbers indicate 'a disturbed or charging environment, while the
lower numbers indicate a quiet environment,

“TRANSTENT EVENT COUNTER (TEC) DESCRIPTION

Phe Transient Event Counter (TEC) is a small electronic device

capable of sensing and counting transient pulses having an amplitude
greater. than 5 volts that are transmitted along the spacecraft internal

wiring harne55es. The objectives of this device,are:
--to obtain f£light data on arc discharge events related to.
spacecraft ‘charging which would aid in the" design of future
gpacecraft

*to count the number of dlscharges as -a function of satellite .
time fe

'v-to locate approximately the sources of the discharge

" ito provide diagnoscic 1nformatlon relating anomalous’ perfor—":'”'
mance to charging events

Due to the limited time available to design, buil&, qualify, and integrate .

the TEC, a décision was made to count the transients only at three specific
_“locatlons ‘on the satellite.. Lt was desirable to record the amplitude of.
* the ‘transients, but it was felt that the addltional development time mlght

jeopardize the incorperation of the TEC on the satellite,

" The elements of the: TEC are shown in“the block diagram of fig, 2.

"The three detectors sense the tramsient pulses in the harnesses, These

pulses are counted for a one second interval and stored in a register. ' The
stored counts are transmitted to ground through the satellite telemetry

_sysrem,; ~The geqeral_speclfaoat;ons forx the.TEC.are glven ;nuiableul

Sensors"

The Sensors are coaxlal cables With ﬁﬂom of the shleld removed at

‘one -end,  This unshiélded portions of the cables are ldced to the spacecraft
. wire harnesses at three separate locations within the spacecraft. Each
“sensor dets as dn. antenna. coupllng to ‘the.- transient” pulse within the..
;harness. The locatlon of the sensors are as follows (see flgure ?)
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+Channel 1:. Attached to the attiiude ‘control instrumentation
wite harness between the nonspinning Earth sensor assembly and
the attitude control electroniecs assembly. It is assumed that
this sensor would pick up discharges from the forward platform
thermal blankets) the antenna system, the silver Teflon on the
variable condictance heat pipe radiator and the Earth sensor
assemblies,  The shielded length of this cable is about 1.5m.

«Channel 2: Attached to the south solar array instrument harness
_ - within the. spacecraft body at the slip rings. . The instrument
o - " ‘lines on the solar array are unshielded-and are routed down - -
the center of the wing. This sensor will detect arc discharges
occurring in the center area of the solar array wing. The
shielded length of this cable. is about 0.5m.

+Channel 3:  Attached to the south solar array power harness .
within the spacecraft body at the slip rings. The power lines on
_the solar array are also.unshielded and run along both the outside L
" edges of the wing. This sensor, then, will detect discharges T
occurring at the edges of the wing and at the solar cells.
The,shiered 1ength of this cable is also ghout O 5m.

These 1ocat10ns were ‘chosen so that the sensors Would monlbor those parts
of the spacecraft where discharge actlvity was- anticipated.

_ .The-unshielded sensors were. attached ‘to the outside of these wire-
harness instead of within the harness because the wire harnesses were
completed and installed in the flight spacecraft before the decision to
- fly the TEC was made, Mounting the sensor in this manner decreased the
sensitivity and lncreased the possibility of plckup from sources ocutside-
. the harness. However, ‘testing of the TEC on the satellite using a portable
- 'spark source indicéated that the desired threshold of 5 volt SEnSLtiVlty '
could be achieved. :

* ‘Electronics Package ° -

_ : The electronics package houses the counting and storage eircuits
RN - in a'bex, 7.6 x 10 x 5.5cm, that weighs 327 grams (see figure 4). 'Thls
SN “*.spackege 45 ‘mounted :6n tha- exterlor CT8~ aft platform under the- thermal TR :

, blanket (see flg. 3. - _ g o R E A

T The allocatlon of only one. telemetry channel to the TEC nece551tated
¢ " theinelusion of a multlplexer -and- timexr to control this experiment. The
- multlplexer switches in the first sensor channel for about one second.
Duririg this interval the’counter will count the transients in the harness
with an amplltude greater than 5 wvolts and store the total count in the . _
e'reglsLer. A maximum:of 63° transients can be counted im’ the' sampling’ petiod. v i
An overflow,;nd;cator (the,elxty ~fourth transient cqunt) is iised when: -
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" preater than 63 transients are countéd. There is a built in 5 y second

delay after a discharge pulse is counted. This delay 1s to prevent the
counting of line ringing as separate discharge pulses. The delay was
selected as a result of the ground tests on materials' characteristics
conducted at the LeRC. :

At the end of the one second interval the total ecount is stored in-
the register, the timer Tesets the counter to zero, and the multiplexer
switches to the next channel. Discharge transients on this line ‘are then
counted for a second after which this total count is stored in the register.
The cycle is then repeated for the third sensor.. The multiplexer has a

fourth position at which time a calibrate signal is fed into the register,

After the calibrate signal, the cycle repeats. The telemetry format is
shown in figure-S. :

The telemetry system samples the storage register at about once per
second. Hence, the trausient pulses on each sensor are counted for about
one second. every four seconds. Since the telemetry rate and the TEC counter
are not synchronized, the charnél being sampled is determined from the:

‘calibrate signals: every other cycle has a maximum count calibrate signal
‘with a zero count calibrate din between. The TEC timer was ‘allowed to be
free ruaning to: minimize the ties to the CTS telemetry eystem.r

DISCUSSION OF TEC FLIGHT DATA

' The GTS was launched on January 17 1976, and placed in a synchronous,

‘equatorial orbit at 116° West Longitude:. The TEC has been operating

contlnuously since the maln solar array deployment on January 31, 1976

A complete summary of the TEC flight ‘data for the period from

'JJaﬁuary 31, 1976, through the Spring eelipse peried until- April 30, 1976,

is given in Table 2 as a function of satellite local time. The data given
in this table are the total number of transients counted in the 1 second

. sampling of that channel. The satellite local time is defined such that N .
“1ecdl  noon oecurs.when the satellite is on the Sun-Earth: line. . This" time. e dan

scale is of more interest for spacecraft charging investlgations since it |
allows for a better visualization:of surface shadowing and correlation of -
substorm data. The satellike local time can be converted to Unlversal

B TTlme (UT) by adding ‘7 hours and 44 mlnutes.'

The number'of tranSients’coonted'on each'chaﬁhel by TEC for this

.. 90 day peried is summarized in figure 6. This same data is shown in more
~detail on the 15 day graphs of figures- 7 ta 12, Prellmlnary ‘waliies of

the K.index from the Anchorage, Alaska station have been plotted on the - _ 
15 day transient data plots-as a- gross indicator“of the state of the.

environment. The K. index value is given,on a scale of 0 fe 9; the hlgher .

the number, the more severe the substorm. " It must be redllzed “that the -

“rrdata from the Anchorage statlon may not be 1nd1cat1ve of the state of

-



the environment at the CTS location since the environment can be highly
localized; a short, intense substorm at the CTS position may not be in-
dicated in the station data averaged over the three hour period.

The TEC data shows that Etransients exist in the wire harnesses, ALl

satellite data has been reviewed to verify that no commands were belng
executed and that there were no power fluctuations -at the -times of the
TEC counted transients. Therefore, it is assumed that these transientq_

. ‘are caused by dlscharges resulting from the - environmental charging of-

the satellite surfaces.

. The.number of transients being sensed by the TEC in the one second
sampllng time is, &t times, higher than one would anticipate based on
the ground test data., The TEC does have a buili-in 5 i second delay
after it counts a transient pulse and this should prevent the counting
of line ringing as transdenis. . These high TEC counts may be due .o
sequeritial discharging of the 1arge insulator surfaces on the satellite.
The ground data does indicate that this sequential discharging may be
possible. The evaluation of the high number of TEC transients is contin-

.:juing.

The - correspondence between the transients and the state of the
environment as shown in figures 7 to 12 is rather poor. ALt times that

. the environment appears to be very active (e.g:, Febwuary -7, 8, and 27,
"March 25 and 26, and April 1), no transients wete counted. At other

times. when- the environment is reasonably quiet, there are transients.
Transients are also counted when the enviromment is active. This apparent

. dmconsisteney could be .due to the uncertainity. of the actual substorm .
“conditions at the satellite position in space. Environmental monitors

on the satellite are necessary to determine if the transient oceurr=d as
an immediate result of a substorm or as a delayed dlscharge due to a

,gdlfferential voltage condltlon._n“

"~ The distribution of discharge events is plotted in figure 13,  This
is a polar view of the Earth with a 24 hour local time scale superlmposed

+..The TEC. transients for each channel aré plottéd at the spacecraft local’

time of ‘occurrence without concein for the number of transients. The
radial distance on these plots is propoxtional-to the K index. ' From this
figure it is apparent that the pattern of the occurrence of transients

s random;  ‘This behaviox is believed to be due to the fact that the CTS
has large insulator surfaces that .can be alternately sunlit and shaded so

that differential charging is possible. Once charged, the insulators can
maintain this charge for long periods of time, ' These surfaces can dis-

-charge; ‘then; at any ‘time in jts 6rbit by responding te an, as yet unknown, -

trlgger medhan*sm, The evaiuatlon of thie behav*or 1s also contlnuing

The data plotted.in ilgure 13 also shows.. that channels No. 1 and -

ef2 are more active than channel No. 3. ' This behavior was expeeted since
: the solar array power bus line is flltered which . should llmlt transients.

e a e



These transient pulses detected by the TEC have yet to cause an -
anomaly in the satelllte operation. The CTS was buillt to conduct high
voltage, high power and high frequency communication experiments.,
Therefore, considerable care was taken to make the components insensitive
to any transients that may result from bréakdowns within the high voltage’
ecmponents.' This care seems to have made the satellite immune to the
anomalous electronic switching behavior of other synchronous satellites.

‘CONCLUDING REMARKS

The Transient Event Counter (TEC) has been monitoring transient

pulses in three separate wire harnesses within the CTS spacecraft since
-January 31, 1976. This detector counts.all transients within the harness

that have a voltage rise greater Lhan 5 volts. 'The three harnesses that
are,menitored are!

,ntﬁl_jAttitude-antrelsHarness.ur
#2 Solar Array. Instrumentation Harness
.3#3 .Sqlar;Array_Power-Harness.-

. The. results to. date ‘show that the CTS- surfaces seem to be charged

to the point where discharges! occur and these discharge pulses are being

transmitted in the spacecraft harnesses. These pulses have not. yet

caused any anomalous behav1or in the spaeeeraft.

The diseharges gan occur at- any tlme during the satellite day With
no special preference for any local time quadrant; This effect may be
due to shadowing of the insulators whlch can cause dlfferential eharging
which can result. in dLsehatgesu- - :

The number of transients'being eonnted'is'l;rger'than'antieipated:

- This-laxge number may be due to the sequential discharging of large in- - o
'—sulator surfaees on the sitellite producxng a pulse train the harnesses. e T

The. corre;atlon of the TEC data to the oecurrenee of substorms has"
been hindered by the lack of real tlme environmental data at the GTS
position at synchronous altitudes, The preliminary ground station data for
the K index from Anchorage, Alaska has been used as an indicator of

V-act1v1ty. ‘However, the - ‘correlation is’ poor: "It is strongly recommended:

that .any future satellite using a TEC-type detéctor also include a simple _
environment monitor as well. This would remove all uncertalnlty on the =

.-ﬁstate ef the environment When transients are eounted

The prelimlnary review of the TEC'dperatlon on the Commnnieetions:

_ _Teehnology Satellite for the first 90 days has been completed. ~There are .
- indications of dlseharge -events bult mo ancmalous behavior has been detected. -
The complletlon and review of the data is. eontlnulng
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'PABLE I. - TEC SPECIFICATIONS

Power - ' _f'--_. 330 1w
Size - 7062 x 10.16 x 5.5 em (5 % 4% 2.16 in.)
| Weight - - - 326.6 grams (11.5203)
Input Voltage - L ¥15 VDC +15%
Output Voltage -~ 0—5V-nc 
Outpuﬁ iﬁﬁedance - T <3K ﬁhms
'Teiéﬁetry Sl . one'énaiég ﬁhannel '
Té&ﬁﬁénds R nonéL '?. | .
Qutgaésing:r' ..' '_ﬁenting.hoiesjp:ovided

'Méaéurements’;':f"” , 3 chénﬁélss subcommutated with calibfsted
e : Tand 1D signal. . :

-;Cpuntingrcapagity.-.' 64 transients/sec
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TABLE II. - PEC FLIGHT LATA

"~ Date

- 8/C time

No.

vf Transients

-~ Eelipse

CH 1

CH 2

CH 3

Start [ Stop |

1/31/76

23:16
. 23:18
23120

3

2/1776

; 18:53

2/2/76

 11:08
o 11:24

15:19:J'3"

T X

2/i8/76

\.

05:19 -
09:15

S 09:30

09:32
09:32

- 09:33. .
09:34
09.: 40
09:42

. .09:45

T 09:47
18:05

19 -

g

49

'13'

N ayso/76]

"11:24 "
14:11

12

33|

| 2/20/76

03:04 -

" 03:06 -

- 15:25
16:19
. 18:13

F21:15

12

06:34

- 09105 . L ]
23320

. 02:32

e R TR

1 2722776

01124

B
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TABLE II. - (Continued)

Date

5/C time

¥o.

of Transilents

Eclipse.;

cH 1

CH 2

hY

o3

Sta:t

.Stop

2/23/76

02:03

02:49 .

04:52

_

2/24/76 |

.08:01
09:38
13:31

49

46

- 2/25/76

- 14:33

33

2/26/76

. 07:51

13:38

19:59 . =

oy O I

2{27/76

08:41
C10:17

18:14

18:14

12

2/2807

10:49
S 18:35-
18:53

62

33

Y

2/28/764

. 00:26
201436

12

3/1/76

- 01:57
1’08128

1z

 00:02:53

-00522:14L_

stogrs |

04:48

05104

05:26
05132

- 05:34. .
- 05:38

06:07
L0613 5 g
) 17:33

4 21:06

o

14

2358332

00:26:07

33076 |

12:28
12:28

b 120290

23:55:19

 00:26:07 |




"

i
H
af
kS

TABLE 1T, - (Cornitinued)

‘Date

S/C time

No.

of Transients

Eclipse

O CHL

CH 2.

. CH 3

" Start |

T Stop

3/4/76

16:16
16:31

1640

18:19

24 -

23151:25

00:28:53

1 3r5076

02:42

0 23:49:11

00:33:54

3/6/76

. 04:56
"10:45
16:10

- 23:47:14

00:35:23

130116

R Ay

22314

23:45:26

s

00:36:36

3/84%

- 23:01

23:43:49

00:37:37

3/3176 -

04:34

05:10
17:09

11

123:42:19

100:38:30 -

1 3/10/76

o 02:7
16:00

<23 :40.:57

-00:39:14

- 3/11/76

03131

2315

23:40:31

 06:39&03

< 3/12/76

. 00:52

03:56-

04:01 -

23:39:21°

00:39:35

3/15/76¢

T 09328
292:46
22:51

1 23:36:33 .

00:403h2 |-

3/16776

101189

23135147

00:40:53

" 3/17776

- 02:36. |
. 07:29

23:35:06|

‘00340359 .|

{.3/20/76} .

C15:17 .

15:32
15:58

- 17340, 4

15331 ) e

Ll

23133128

00:40:45




TABLE II. — (Continued)

Date

$/C time

No.

of Transients

Eclipse -

CH 1

R |

CH 3

Start

Stop

3/23/76:

08:27
11:02
12:35
17:23 .
21:06

24

1 23:32:28

00:39147

3/24/76

ul: 40
02:24
04:27

- 17314

10 |-

23:32:16 |

00:39:19

| 37425776

17:15

+23132:09

'_00:38:45 :

" 3/26/76

21134

21:59
22:07 -

- 23:18

L

i 25

23:32:07

00:38:07

3/27/76

10145

21:57 L

o4

©23:32:11

00:37:27

3/28/76

02:04.
02:08

© 09147

09:48
09:57
10:35

12:29

12149

C14:29 0 0

15345

S 1551

15:54
17:25

|- 19:29

33

-10

16

W

.25ﬁ-*'-'-

1

o |

4t

- 23:32:18

00:36:39

||

19:36

... 23:32:31

00:35:47

gglao/zg

02:28 .~
06:00
. 07:07

09:59

L1227 e

.o l—!'fa\

23132148

- e

90:34:50 | o




PABLE fI. - (Continued)

Date

§8/C time

- No. of Transients

‘Eelipse

CH 1

CH 2

CH 3

Start

Stop -

3/31/76 |

'dé:Zl

06:21

éj .

| 23:33:11

00133147

.“;/I/Yﬁf

'Zlflg

23:33139

© 00532139

4/6/76 -

08:13
12146

23:38:12

00:23:26

417176

06:0L
- 12:24
C14:31

23:39:37

00:23:26

4/8/76

18:40
19:16

©20:52
. 23:42

..;49..

51

49

a -23:41:18'

00:21:15

1 4/9/76

-00:1L
00211
~00:12
-00:13.
T po:is
00:14.
00:15
- 00:15

00:17

00:17

' 00:18
00320

09:34

. 09:37

09:38

1?09}41?-“

12:15

. 16:09
22:39

33
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TABLE II. - (Continued)

Date -

No, of Transients
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'§/C time -

- CH L

CH 3
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4/12/76

09:58

1

23:54:20°

00:06:13

a6 |

00:02
02:01
02:10
.02:12
02:15 .
02:28
02:37
02:41

02347 .
02:52 .
03:12
03:21

1. -10:44 - -4
1x:37

02:42

33 |

L

1;\_1 )

=

| 4{15]75'

06:10
06:20
B6:26

Oy

4118075

18:13

,.33,“

IR

17:12

03:12;"

| w2076

14337

421176 |

07:30 -
17:01

17:13 - -

CA7:L4
L7315

Sleazaie

17127
17:28
- 1B:25.

33 |

VN O |

49

33

' “.24}

S R




TABLE TI. - (Continued)

Date. -

3/C time
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L TABLE II. - (Concluded)

Nb. of Transients Eclipse

I'Date | s/c time CH 1 CH2 | oCH3 Start | Stop
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