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SPACECRAFFE ATOMIC TIMING SYSTEM
(SATS) DEVELOPMENT

PART 1 - PROJECT DEVELOPMENT PLAN

GENERAL

The purpose of this document is to.describe the development of a
central timiug system with the igquired stability, accuracy,
reliability, and versatility necessary to support critical future
spacecraft needs. Present timing equipmeﬁt ig capable of meeting
ouly the minimum accuracy and stability wequirements. This system
will be capablelof supplying all spacecraft timing needs, both- _

operational and experimental.

In order to provide increased timing éécuraoy and stability, it is
necessary to utilize some form of atomic frequency coutrol. In oxder
to accomplish this,ualpontract has been awarded to Varian Associates
for the design, developmeut, aqd_construction of both & breadboard
and an engineering model Atomic Timing System. The design. and con-
struction-of the engineering model has been subgoutracted to General
Radio. This system will make use of a Rubidium gas resounance cell.
Full evaluation of the breadboard and complete qualification of the
engineering model will be performed at MSC. -

The Apollo Spacecraft Timing Bquipment is @ependent'upon a ground
gtation referen@e. Periodic updating via the updata link from the
ground station ig regquired to maintain the accurac& stability of the
Cenbral Timing Equipment. The frequency stability caunot be adjusted
at all. The propcsed system will make the spacecraft independent from

the earth for all timing and frequeucy source needs, thereby enabling

the crew to analyze time and frequency dependenf problens, determine -
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the ﬁecessary action to alleviate the problems, and pefform required
QQEEEQalfmigéion functions with fewer constraints. A block diagram

of the proposed system is shown in Figure 2«1,

2. PROJECT OUTLINE
This project is divided into three major parts: Breadboard Model
development, Engineering Model development, and Flight Model develop-

ment. An outline of these stages is shown below

PART 1 - Breadboard Model Developmeut

a. Design study )

b. Breadboard design and consbruction

¢. Test facility design aund congtruction
d. Breadboard evaluation ) ‘
e. Breadboard long term stebility test

]

PART 2 - Engineering Model Davelopment

B. Design finalization

b. Engineering model construction
¢. Electrical and performance tests¥
d. Environmental tegte®*

e. Long tern stability test

PART 3 - Flight Model Development

a. Determination of redundancy and particular flight requirements
b. Flighttmodel design
¢. Flight model counstruction

d. Type qualification

N .
Part 2, c., and d., compriss the Design Verification Test (DVD)
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MODEL DEFINITICNS

//

— . -

A Breadboard Model is herein considered an assembly of preliminary
parts designed to prove the feasibility of a device, system, or
principle in rough form without particular regard Ho the eventual

overall mechanical design.

"~ An engineering Model is herein considered & model that is designed

and fabricatéd to eléctrigally and mechanically meet the requirements
of the specification. It's purpose is to demonstrate the technical
soundness of the désigh. It is not required to comply with all of the
usual quality requireﬁents for menned spacecraft flight hardware;
‘however, it shall employ approved parfs'or their interchangeable
equivalenis.

A Flight Model ig hexein considered a flight configurad, f}ightweight
model suitable for complete evaluation of all physicai an& functional
characteristics. It ié in final form, employs approved parts,

aﬂa is fabricated_ggdg; full Goverament Source Inspection using

approved tooling and processes.
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SPACECRAFT ATOMIC - TTMING SYSTEM
(SATS) DEVELOPMENT
PART 2 - SYSTEM DESCRIPTION

GENERAL—
The Spacec: liming System presently undér development
takes advantage of the microwave resonance df_rubidium gas and
employs a rubidium gas reference cell as the frequency determining
element. This system will have long term stability oﬂ4§;ve\§arts
in 1011 for a period of one- year. ‘This represgyts an error in
o
total time accumulation of only one .second in B years. The
. The .
short term stability will be ﬁ parts in ﬁ for a ons second
0

T averaging time.

Bagic Principle of Operation

A rubidium frequency standard uses a microwave resonance in the

ground state of rubidium 87 as the discriminator in an AFC loop

"to maintain a quartz crystel oscillator at a subharmonic of that

resonant Trgquency. The rubidium in which the resonance occurs is
in the form of a wvapor coultained within a swall glass cell that is

enclosed in a micro&;véhcavity (see Figure 2-1). Thig cell is

Alluminated by light from a lamp filled with rubidium 87 and the

light passes through a filter cell that contains rubigium 85.

The filter cell acts as an absorption filter and'passes only a
selected spectral bandwidth of the light from the lamp.. This

light has the effect of raising the rubidium atoms in the gas cell
to the higher of two hyperfine energy levels, and hence light

energy is extracted from the beam. This phenomenon is ealled opbtical
pumping. When microwave energy from the crysital cscillator-
mltiplier chain is introduced-into the cavity at exactly the
hyperfine transition frequency (6,834.68300C megacycles) of the
outer electron in the rubidium atom, the atom is induced back to

the lower energy level. As a result of this combined action, as
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long as the microwave signal is exactly on freiuency ‘the rubidiwm
gas will continue to absorb light energy and the light energy
falling on the photo detector will be at a minimum. If the
microwave signal is not present, or is off freguency, the rubidium
atoms are raéidly "pumped” to the higher energy-;evel, after which
only a small amount of li%ht is abéorﬁed, and the incident light
on the photocell increase%- The microwave signal is phase modulated
and. the resulting modulatfon that appears on the output of the
photocell is used in a synchronous detector to maintain the _
erystal oscillator et the atomic resonance frequency. The crystal
oscillator then drives a fregquency syntﬁesizer and time code
generators which produce the reqguired discfete frequencies and

time codes for use in the various spacecraft systems.
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SPACECRAFT ATOMIC TIMING SYSTEM
(SATS) DEVELOPMENT '
pis

PART 3 - TEST PLAN

1. GENERAL

There are four basic groups of'tests which will be:required in order
to.bring the SATS to flight hardware status. These are as follows:
engiﬁéering evaluation of the breadboard system; Design Verification
Test (DVT) of the engineering model to all electrical and environmental
specifications; type gqualification .of a production unit which will
involve the same tests as fhe DVE with a shorter duration siability
festy and flight qualification of each unit which is commitbed to fly
in space. 4 general discussion of the goéls of each group of tests

is given below.
1.1 Bngineering Breadboard Model Evaluation.

The .breadboard is intended to meet all of the electrical requirements
for spacecraft use; however, it will not be capable of sustaining any
enviromnmental tests except temperature. .
When the system first arrives, it will be givéﬁ a thorough electrical
test. Since this will be the first opportunity to %horoughly

exercise the test station many tests will be conducted for the purpose
of developing effective procedures to be used in testing the engineering
model. .

After the operaticn and performance 6f the breadboard and test station

are established and understood, a temperature test will be conducted.
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Fipnally the breadboafd system will be checked for long term stability
by rﬁnning a continuons comparison between- the SATS and The test
station standards for a period of one year. ' The ATLAS compuber complex
will be used to receive, tabulate, and.analfze the frequeﬂcf»étability
data. It will also be used Vo monitor the performance of the hydrogen

maser frequency standards.

A1l data, significant observations, and special procedures will be ‘
collected and retained in a permanently bound engineering notebook.
Periodic reports and bulletins will be issued presenting a synthe81s
of pertinent data. (Sée Figure 3-1.)

See Appendix B for Evaluation Test Report.

Design.Verification Test (DVT)

The engineering model will be constructed in flight configuration %o

"meet all electrical and enviroumental requirements for spacecraft

applications.

¥rom the tests performed on the system breadboard, a complete DVT
procedure will be written in approved form. Full electrical eval-
uation will be performed first. Environmental test will then be
conducted in accordance with the requirements of the contract.
Following these tests, the unit will be subjected %o loug ternm
stability evaluation for a period of one year. This test will be

continuous and will be similar to that performed -on the bread-

. board with any necessary refinements in procedures incorporated.

This series is intended %o prove that the concept of flying aun
independent time and frequency standard on long duration space wissions

is practical, and that this .design is capable of doing the jeb.
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Present deviaiion

Max. Doeviatlon %o date

Min., deviaticon {0 date

*RE5 of dally averages to date _ I

Test started: Daya CHrs. _ Min,
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monitared, The Ar/T for each pericd Ledween nulls is
carculated and all poriods are averaged for each day. An
coumulated RS ¢f thege daily averages is calaulnted and
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LAB TTI STANDARDS
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Pregent Deviation |
Test sinried __ Days Lol Min,
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desigraluvd-ag the reference unit for compariscn purpoues.
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refecenced to £,

-

Pigure -1, Timing Iab ¥guipment Pexformance Bulletin {sontinued)
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are iaxen cver a 100 vecond averaging time. Thege
zeasurements are taken every 100 scoonds and are averaged for

cach day. An sacumulated BMS ¢f these daily aversges is

caleulated and shown hers,

SPACECRAYT TIME STANDARD
ENGINRFLRING BREADIOAND

L ogtart of test the Spacecralt Sfandaxd Iod L ] logged | _}

the Iab Standaxd by .

Spaceccrafy Standnrd vresently leads [ ] lags [J

-

tke lab Standard by . e

Tegt started: Dayu ire. _ Mir.,

Present reanding: Lays Hra, Min,

Pigure 3-1. Tining Inb Eguipment Performance Bulletin {Concluded)
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TypeAQualification

This test will be identical fo the DVI described above with tThe
exception of the long term stability test which will be shortened
t0 a period not yet determined (probably 6 mounths or less).

Flight Qualification

Each flight unit will be required to undergo the standard £light
qualification test which includes the following: electrical,

temperature, vibration, altitude, and acceleration.

In addition to the standard tests, each unit, due to the extrenme
stability requirements, will be required to pass a minimum two-

weeks stability test conbinuously monitored.
DESCRIPTIION OF TESTS
Preliminary Flectrical Tests

a. Puanctional check: check for the generation ¢f all required
output signals. )
b. Taput power.

C. Power line feedback.

© d. Power source transient effects.

e. Insulation resistance.
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£. Ouspat ilmpedance on vcach signal oustput.

& Short tern stabillisy.

u. 0 Lerng term stebiliiy over cue te five dayn pur tead.
i Tebug ATIAL computer prograns,

2.7 Test Station Compatibilily Teustis

a. Tosd each plece of teast eguipmenont sevarateiy for prover
osperation.

b. Check ecach eguipment intesfane for proper combined cpomtion,

tont o

¢. Activate complete & station and chesk for proper operadic

by means of simulated flight syutem faiitres as wel) as noxmal
ceasurerents,

d. Check ATLAS cozputer prog-ems for proper operalion.

2.3 Firnal Eleciricnl Tests

Repeat all tesis lisited in pavagruaph 2.9 using the sest sizticn v

Jis finnl cenfip d"’&.lOl .

2.4 Temperature Tent

1 =~ 0 Py .
.

Tinis test will conuist of a one day oycle 1.:1'*..:::*. boih the high

nd low temperature envircnmonts as specified Inm the condmmct.

-
o
.

Feasareauvnts of frequency stability, power consumpiion, and time

keeping will be made shrooghout the test.
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TheFBreadboq;&.Mbdel is not required %o meet 21l EML specifications;

- —\_-——'_/ - L] - -

however, data will be collected and analyzed to determine if there are
any particular areas where sgpecial care or added design effort will

be required in huilding the Engineering:Model.'
Long Term Stability

The Test Station will be fully activated in the automatic mode with

" the ATIAS computer complex on the line. A conbinmous monitor of

freguency stability and time keeping will be kept. In addition,
daily checks will be made of all periinent internal system test points.
Periodic performance bulletins will be issued. (See Figure 3-1.)

This test will run contiﬁuopsly for one year.
Design Verification Test (DVE) Criteria

a. Electrical and Functional — All tests described in paragraph 2.1
will be pefformed in accordance with the requirements of"
" MSC/TESD Document 19-2, Part 1.
b. EMI - A1l tests will be performed in accoxrdance with the
"7 vequirvements of MSG/IESD Document 19-3..
c. ;Environmen‘tal - All ‘bes*?'ts will be performed in accordance with .
the requireménts of MSC/IESD Document 19-2, Part 1.

- d. . Long Term Stability — This test will be identical to that

described in paragraph 2. If refinemenis are desired as a
result of what is learned from the breadboard test, they will

be incorporated.
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shown in Migire 4-4. A disiribution azplificer ls used %S¢ distridbule the cutpul
signals from the phase losk 1oop ceeeiver (see Plgee 4-3).
PHASE 100K #°
1450 i
FROM FAGH LOCK
P Hved W e AT,

RECE [VRES . ')_'j_ g 1450 Milx X el ERCORDER

FROM MASER OTT¥UIO. I/

O Tsr WK 70

Figure 4-4. Maser Compariscen Eguipzent

The 1450 Mz outpul ¢f the phase loek leop recediver is fed to the frequency
stability checx subsystem where leong and ghont term frequensy stabilisy of
the spacecraft systes is meagured. See Figure 4-9.

Toe output of ‘he refurence time code generator is fed to the Sigunl
Evaluaior and Error Detector (SE=D). See Figure 4-6. The SERD receives
signals from the spaccoraft tice code generator, and ench Mager driven
reference time cede gommrater., 17 al ¢ r:,'t,‘mn the throe inputs to the SFD

turnedon. All three time

indicate which



i,;,
;

“A5C MWz INIUT

.,#"0,/“4.
. Wiin . -n
Tug 2D Wi P Fee Low PAGS | 46 Kz
¥ X1 2 wits s s
o i B e e T N >

LA 9.’3.: v

AW FASDH

LY .

=R O|6 ¥z

(1]

b=+

Lo

1vhn
[

Wiz

4.096 My

b

<

FASECHAR
ATOMIC TS AND

PrZ QUENCY

S
et
[on T
a -

O YT I T
- -IL.\-FJ'-.:'...)
4
-, mear
Ve daek

/A

SONTERTIR

L DAL 1WEICL

PILTHR

Y

0T é:_
N d
4

DTG COMIUTER

LY QR Nruee ™I
- eUT A

'S - VRS-,

PUINTXR

igure 4-%. Frecquency Stability Cheex Exboyotewm

OSH/YSTN

geX0], ‘U016NOE




Dates. 6 May 68

MSEED" INPULS—

¥ 1 IRIG R
%2 IRIG E
3 4096 XHz square wave

4' 2048 KHz square wave
5 1024 KHz square wave
6 512 XKHx square wave
' T- 100 KHz squaxre wave
8 1 ¥Hz square wave
10 10 Hz square wave
N 1 Hz square wave
12, 1 Hz square wave 0 %0 5 V
13 1 Hz square wave 0 t6 5 7V

NASA/MSC

Page 4T _ of _4-8
Houston, Texas T T Te—
"SEED" QUTPULS

¥ 1 IRIGB
* 2 TRIG B error signals

5 Frequency error signal

4  Pulse Amplitude Error signal

5 ‘ Recorder Mn—oﬁ‘ﬁgnal
*6 IRIGE .
9."{7 IRIG E error sigpals

8 - Time Deviation Error signal

10 - —_Récorder Turn-on signal

%3 signals, one each from: Time Code Generator.#i

ime Code Generator #2

Spacecraft Atomic Timing Systen

1 TERU 5 IRIC B
o9 LECORDER
INBUT
SIGNALS el wgEmpe OUTPUT SIGNALS
1 TERU 13
- IRIC E
& TERO 10 FHCORDER

TWO IDENTICAL "SEED" SYSTEMS
IV THE SATS TEST STATION,

Figure 4-6. Signzl Evalustor and Error Detector
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SPACECRAFT ATOMIC TIMING SYSTEM
(SATS) DEVELOPMENT

APPENDIX A - WORK STATEMENT

1.0 DESTCIT GOALS AND TNTENDED USE

ey

1.1

1‘2‘

1.3

1.4"

1.5

e

The purpose of this work statement ig to deiine the requirements
for an eungineering model of the Spacecraft Atomic Timing System,

hereinafter referred to as the SATS.

An engineering wmodel is considered here as a model that is
designed and fabricated to electrically and mechanically meet
the requirements of the specification. Its purpose is to
demonstrate the technical soundness of'the degign. It is not
required to comply with all the usual quality reéuirements for
manned spacecraft flight hardware; however, it shall employ
approved parts or their inberchangeable eguivalents.

The SATS shall employ a rubidium gas reference cell in the
frequency stabilizing loop. The SATS shall also make uée of

micrologic circuit elements wherever possible.

When finally qualified for spacecfaft use, the SATS is intended
to be used as the centrai spacecraflt timiﬁé and frequency stand-
ard. It will provide the spacecraft with a highly accurate
reference for use by the ounboard programming, sequencing, communi-
cations, guidance and navigation, aﬁd tracking systems, as well

as all control panel time displays. It will also provide onboard

experiments with precise time and frequency as required.

Tt is intended that the SATS will be used aboard fubure long

duration (up to several years in duration) mauned space missions.



2.0

ELECTRICAL AND PERFORMANCE SPECIFICATIONS

The SATS shall be designed and constructed with the objective to

operéte within the specifications listed below for a minimum of

twelve months continuously: without repair or adjustment, and when

sibjected to the enviromments and power source conditiouns specified

in sé@tion 3.0,

2.1 long Term Stability

2.1.1

Freggéﬁéx - Long term freqﬁanoy stability shall be
arrived at by daily measurements of frequency deterwmined
as the average of at léést ten frequency measuvements
each taken over a 160—second averaging time. The stand-
ard deviation of the daiiy measurements shall be less than
five parts in ’IOﬂ in a one-year period. Measurements

will be made at constant temperature +3°C.

2.1.2 Time - The accumulated time change shall not exceed that

which is commensurate with the requirements of Paragraph

2.1.1 after initial frequency and time calibration at NASA

-_based on at least one day of measurements relative to a

hydrogen maser reference.

2.2 Short Term Stability

2.2.1

The short term freguency stability shall be equal to
or less than three parts in 1011 rms for one second
averaging times, except that during vibration, and l
acoustic enviroﬁménts degeribed in 3.0 the short term
gtability shall be equal to or less than five parts in

1010 rms for one second averaging times with a target

specification of 5 parts-in 1011m



2.2.2 Time - The time error due o any single shock shall not

exceed 10 nanoseconds.

2.3 Out?E§ISignals — The SATS shall produce‘tﬁe following outputs

—in the 4-1 time scale.’
2.3.1 : One 4096 ke square'wavé
2.35.2 One 2649 kc sqﬁére wave
2.3.3 _ One 1024 kc square wave
2l3.4 One 512 ke square wave
2.5.5 One 100 kc séuare-wave

' 2.3.6 ~ One 6.4 kc square wave
2.3.7 One 1.0 ke square wave

r

2.35.8 Oﬂe 100 cycles per second square wave

-

2.3.9 One 10 cycles pe? second square wave

2.3.10 One 1 cycle ﬁer second square wave

2.3.11 One time code output per IRIG standard format B
2.3.12 One time code oubput per IRIG standard format E
2.3.13 ‘Ti;e accumulator "flip flop" outputs: The "one", oxr

positive cutput of each flip flop in the accumulaior

shall be-brought out through a buffer tc an external

poﬂhector Yo give an output from 0.1 second o 365 days,

2% hours, 59 wminutes, 59.9 seconds.

A=3



2.4 Oubtput signals 2.3.1 through 2.3.10 shall produce 3 0.3 V
) peak-to-peak between a baseline of 0 +.2 V IC and 3 4.3 V DC into
a 100 ohm load, wi#h a 100 nanoseéond,rise and 211 fime.
75— Output signals 2.3.11 through 2.3.13 shall produce 5 +.5V
peak-to-peak between a baseline of 0 +.2.VIC and +5 £0.5 V
IC into_a 1000 ohm load.

2.6  Output 31gnals 2.3,1 through 2. 3 10 shall have a 50 +3% (o
+60 nanoseconds, whichever is greater) Auty cycle

2.7 Outputs 2.3.11 and 2.3.12 are not required to conitain the
straight binary seconds time of day.code between position
1de?t1f1ers PSPO

2.8 The total time accumulation capability of the SATS shall be
365 days, 23 hours, 59 minutes, 59.9 seconds.

2.9 A method shall be provided, Through the external'cabling to
the SATS, whereby a selection may be made to accumulate either
364 days, etc. or 365 days, ebc., to accommodate the possibility ..
of leayp year:ﬁL - ‘

2.10 A method shall be provided through external cabling.to the SATS
whereby the SATS can be syunchronized with an external time

reference to within i1 wicrosecond.

2.11 Power Consumption: The power consumption of the SATS shall not
exceed 30 W from +75°F to +142°F, and shall not exceed 42 W
from +75°F .%o —30°F.

2.12 XNo damage shall occur if a momentary or vermanent short circuid

is applied to any of the outputs.



3.0

2.13 Grounding Procedure - The negative and positive of the 28 v
circuit and the case ground shall be isolated from each other.
. The unit shall perform within specifications if the ground side
of these circuits éfe made common externally. Provision shall
be made for attaching au external grounding strap to the case
of the SATS.

ENVIRONMENTS AND POWER SOQURCE CONDITIONS
The SATS shall operate within the specifications listed in 2.0 when

subjected to the enviroumental and power source counditions, either

singly or any cowmbination thereof, as described in NASA-MSC-IESD

-Document 19-2, Part I except as listed below.

3.1 The SATS shall be energized and operating within gpecifications
-during the tests described in paragraphs 2.4.2 througn 2.4.5 of
19-2, Part I instead of being de-energized periodically as
indicated. Maximum frequency change over the temperature range

of —-30° to +142°F shall .be leas than 1x10—10.

3.2 In paragraph 2.4 and 2.4.3 of 19-2, Part I, change ™60 45°F"
to read M142 +5°F" and add "at a rate not exceeding 4°F per

minute",

3.3 Iun paragraph 2.4.4 of 19-2, Part I, change "to O +5°F" %o read
) "linearly to -30 +5°F" and "15 +5 minubtes’ tc "50 15 minubtes”.

3.4 Tn paragraph 2.14 of 19-2, Part I, change M~ T-26600/MSC~EMI~T0A"
to read, "NASA-MSC-IESD Documenut 19-3".



4.0

MECHANICAL SPECIFICATIONS

4.1

4-2

- 4o3

4.4

.Volume — The SATS volume, exclusive of connectors, shall not

exceed 600 cubic inches maximum.
Weight - The SATS weight shall not exceed 25 pounds meximum.

Case Coloxr - The color shall be selected by the countractor.

~

érodﬁce-marking ~ Marking for ildentifiecation shall be as
specified in MIT~STD-130,

DELIVERABIE ITEMS

5.1

5;2

5.3

The contractor shall deliver two engineering models, as defiuned
in Paragraph,1.é, three mating connectors for each external
conuector on both englueering models, and one dust cover for
each external counector on both engineering models.

v »
The contractor shall provide a winimum of two (2) weeks, at MSGC,
of engineering services bub not to exceed one (1) qualified =
engineer to advise, assist, and instruct NASA personnel on matbers
of use, support, and solution of technical problems.
The contractor shall submit three (3) copies of the following

documentation upon delivery of each equipment. All drawings

_shall be on D size paper. An B x 10 in. film positive of each

drawing shall be provided.
5.3.1 _Deﬁgi}ed electrical schematic drawiungs.

5.3.2 Detailed mechanical drawings.



5.4

5.5.3

5.3.4
5-3.5

Reports

54441

5.4.2

Detailed parts list. Non-commerical parts such as
transformers, inducvors, special crystals, etc., will
be identified in sufficient dimensional detail to
reproduce. Commerical parts will be identified by

manufacturer's part number.

Test and calibration data.

Instruction panuals.

The contractor shall submit ten (10) copies each of a
mouthly progress report during the performance of the
contract. Reports shall be informal and shall include,
but not be limited to, (a) a description of overall
progress, (b) an indication of any curreant problems,

along with proposed solubions, and (¢) a discussion of

the work to be performed during the next'monthly reporting

period,

The contractor shall submit ten (10) each of a formal
final report which documents and summsrized the results
of the entire coniract work, including recoumendations

and conclusions based on the experience apd results

" obtained. The final zeport shall include tables, diagrams,

curves, sketches, photographs, and drawings in sufficient
detail to comprehbensively explain in detail the resulis

achieved under the contract.

A7



6.0

DESIGN REVIEWS

6.1

6.3

A design review shall be held at ﬂSC at the time the design of
the engineering model is complete, and prior to the start of

its construction.

Other design and progress reviews may be held at the cont&actor!s
facility from time to time throughout the performance of this
effoxrt.

A final design review shall be held at MSC upon completion of
the final report described in Paragraph 5.4.2.
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INTRODUCTION

This report presenis results of g part of the evalustion of a Varian
Associates Spacecraft Atomic Timing System (SATS). Tests conducted
in this evaluation included high- and low— temperature fests and the

following electrical tests:

¢ Input voltage and current variation
¢ Power line transient feedback
0 Power source effect

¢ Input voltage effect on freauency and short terw stability
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SPACECRAFT ATOMIC TIMING SYSTEM EVALUATION
' (Varian Associates)

EIECTRICAL AND TEMPERATURE

TEST REPORT
1. GENERAL

This document Teports the results of the electrical and temperature
tests performed on the Varian Associates engineering breadboard of

the spacecraft atomic timing system (SATS) on Jamwary 4, 8, 9, %O,

i1, and 25, 1968.

2. TEST METHODS
2.1 Monitoring

The error detection and recording section of. the SATS test station
was operated to automatically monitor the SATS IRIG time formats
to verify conforwmance to the reference formats of the time code
generators. The SATS Test and Calibration unit was utilized as a

visual indicator for phase lock and acceptable signal levels.
2.2 Measuring

The input current was measured with an ammeter inserted in the )
negative power lead. The power line transient feedback was measured
with an oscilloscope applied ggross & one-ohm resistor inserted in
the negative poﬁer lead. Frequency stabilities were messurad with the
SATS test station frequency comparison section shown in the Higure 1

block diagram. Stability information was obtained for electronic
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. EP 52324 -
. Digital
-Recedver : Countex :
1450000 kHz : :
One-Second-Turation
Measurements
3
,;;5’1449984 KHz
X554 é'}OO ) Northeastern Di 'gal
Ll Electronic |- L 000
% fg 100 kHz Counter
Troi . From 100—§Zgond~Dur2tlon
SATS SATS - surenents

#igure T..,SA@S Test Station Frequency Comparatc

counter contrel funcitions measuring:

¢ the period required to count 100,000 cycles of the 1-kHz

comparison signal; hereinafier referred to as 100-second-duration
‘measurements. '
e the period :.r'équ'ired to count 1000 cycles of the comparison

signal; helreinafter referred to as onz—gecond-duration

measurements,
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Heuston, Texas Document :

100-Second=Turation Lata

Ten suscessive meesurenenis were averaged to provide cash

108-second-duration dava polint reported in this dozuwment,

The measired Creguoncy was the comuverison v

(1.45 x 157 Az, to

divided ty Guercy

provide the AL/f reading.

- : - ..
Crie-Secand=Ixoaticn Znta

suecogsive measurenents recorded feor each

Tue

Cre hrandred WOrR

data point, =6 of ¢he individual deviations from the

applicable 100-snecend-duraticn date was compuierd to provide the

one=-secerni-duration value.,

- .-.,‘_

POy B9

BlegtrizanT Tests

In;as Voltage and Current Variat

When ‘the inputl voltage the CATS inmut current

variced as 9llown:

Jrpnt Voltas Ir;at Current
24, Vde 8€C, wh

600 wA
759 =

28 Vde
32 Vic¢

The BATS L current increascd 4o auproximately 00 A as the

reverso polarity voltage incysaged 4oward 10 Ve,

Power Line Trancicnd Feedback

¥hen the dnpul voltage wan changed, the rippie voltage zoasured

acress a one-chi renistor in Lthe negative poewer lead varied as


http:qjue.:.cv
http:NASA/:.rC

Date: 6 May 68 : NASA/MSC " Page 4 of 13'.

Houston, Texas Document: 21-63
follows:
Input Voltage Ripple
24 Vde B0 mV
28 Vde 35 wv
32 Vdc 105 wv

C. Power Source Effect.

While the input power was pulsating between 26 V-and %0 V at a
frequency swept from 1 Bz %o 2000 Hz, the SATS operated for two

. minutes without indicating a loss of phase and without creating
an erroneous IRIG format.. The SATS short fterm étability Cot~
puted from the rms of the deviations of 100 measurements of

one second duration was Af/f = 2.66 x 10719,

. When the input power was ﬁulsed with a positive-going, 9~V
amplivude, 200-wpillisecond basewidth transient, the SATS lost
phase lock and created erroneous IRIG formats.

When the input power was pulsed with ten negative-going, 9-V
auplitude, 200-millisecond basewidth transients, the SATS

operated without indication of lock loss or IRIG error.
d. Input Voltage Effect on Frequency

The graph in Figure 2 depic%s the effeotscsf inpot voltage
changes. The SATS had stabilized at each voltage for at least
 Thirty minutes before the measﬁrements were recorded, and ten
100-second measurements were averaged for each plot, The

100-second—-duration data varied as listed in Teble 1.
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Tnput Voltage Test, 100-Second Duration Measurementbs
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TABLE 1. INPUT VOiEAGE VS 100-SECOND DURATION MEASUREMENTS-

e =

1~4-€8 24 1000.0888 45.75 % 10711
26 10000251 #1.36 X 10711
o8 1000.0054 - -
30 1000. 0485 +2,98 X 701
32 999.9942 .77 X 1071
34 '999.9960 0.65 x 10711
37 1000.0054 _ 0

1-25-68 24 999.9341- +2.82 ¥ 10711
26 999.8879 -0.37 X% 10~
28 1999.8952 I
30 999.8644 -1.99 x 107"
32 999.8654 ~1.91 210”1
34 999.8495 -3.02 x 10711

€. lnput Voltage Effect on Short Term Stability

The one-second-duration measurements varied as plotited in

Figure 3 and listed in Table 2.

Temperature Tests

a. . PFirst Low-Temperature Test

After 25 minutes at 0 degree F, the SATS 100-kHz synthesizer

-malfunctioned and disabled the frequeﬁcy comparison. The
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TABLE 2, INPUT VOITAGE VS ONE-SECOND
DURATION MEASUREMENTS

Bt | voliag | AT/

1-4-68 | 24 0.97.X 107 00
' 26 - | 1.10% 40719

28 1.11 x 10719

30 ] 0.97x 10770

32- 0.99 X 10710

34 0.98 x 10" 10

37 0.91 x 10710

' 1-25-68 24 1,05 x 10710

' 26 | 0.91 x 10710

28 0.89 X 10719

30 _0.91 x 10719

32 1.01 x 10719,

24 1.06 x 10710

SATS had not reached thermal equilibrium at O degree T before
malfunctioning: The 100-second-duration measurenments obiained

at this transition temperature were:

Temperature .  Period (uSec) AE/E
76°F 1000.0313
0°F 999.948  =5.7x 1071
The one-second duraiion measurements were 3.28 x 10°10 a4

76 degrees F and 3.95 X.10710 at O degree F.
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measurements were 0.89 x 10“10

" 1.75 x 10"10 just before lock loss,

at ambient bemperature and

d. Second High-Temperature Test

. A reduced waximum temperature of 115 degrees F was selected for
the second test after consideration of the vendor's test resultbs.
The SATS lost phase lock after approximately 70 winutes at 2
chawber temperature of 115 degrees F. The lock loss occurred
when the high temperéture caused a crivical reduction in signal
strength from the high frequency multiplier. This evidence and
the relatively sméll mass of the mmltiplier indicate that '
thermal equilibrium was not reaohed'at 115 degrees F. The SATS
operated without a fault indication for 120 minutes at 103
degrees F after the SATS acquired phase lock while operating at
that temperature. The 100-second-duration measursements varied

as plotted in Pigure 4 and listed below:

Temperature (°F) Perivd ( #8ec) Af/F

76 1000.0231 -
103  1000.2716 +1.79 = 10710
115 1000.2544 +1.60 x 10719

The one-second-duration measurements varied as plotted in Figuwe 5
and listed below:

Temperature (°F) ) AT/T

76 . 0.90 x 10710
103 1.5 x 10~10
10

115 S 2.16 x 107
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4. CONCLUSIONS
.-r"/-
4.1 ~Electrical Tests

Changes are required in the de-to-de converter to provide reverse-
polarity protection snd cowmpatibility with positive-going pulses on

the input power. Regulation of the power to the temperature-conirolling
ovens is required %o eliminate the input voltage levéiﬁéffeqt on

frequency stability.
4.2  Temperature Tests

The temperature effect on frequency stability is of such magnitude
that a couplete design study has been started. The 100-kHz synthesizer
and high frequency multiﬁlier must be fedesigned to perﬁit ilow and

high temperature operation.



SPACECRAFT ATOMIC TIMING SYSTEM
(SATS) DEVELOPMENT

APFENDIX C - TEST EQUIPMENT SPECIFICATIONS

PHASE IOCK LOOP RECEIVER

1,

2.1
- 2.1.1

2.1.2

2.2
2.2.1
2.2'2

2.3

GENERAL

This document presents specifications for a Phase Lock Loop Receiver,
The Phase Iock Loop Receiver shall operate as a narrow-band amplifier-
filter for the low power, L Band output signal of the Varian

Associates Model H-10 hydrogen maser.-

OPERATING CONDITIONS

Environment
Temperature: O to 50 degrees C.

Relative Huﬁidity: 0 to 100 percent,

Input Power

Voltage: 28 (+4) VIC.

Current: No maximum within the limits of standard design practice.

Packaging

The receiver shall be packaged on chassis which are suitable for

slide mounting in a standard 19 inch equipment rack.

-1’



2.4 Display

A "lock status" front panel meter shall be provided to permit visual

indication of loop performance,

3. . INPUT SIGNAL

3.1 Frequency: 1,420, 405, 751.73 (+0.03) Hz

3,2 Power: 2 microvolts RMS developed across 50 ohms. -
33 Input Commector: Type N coax.

4. QUTPUT SIGNALS

4.1 Frequency: 1450 MHz

d.1.1 Power: 1 milliwatt into 50 ohms.

. 4.1.2 Stability and Noise Figure: The 16ng term fregquency stability and the
gignal to noise ratio of the 1450 MH=z siignal shall be equal to or . B
better than the values of the phase lock loop signal which iz mixed

with the maser input frequency.
4.1.3 TIsolation: A minimum of 60 DB isolation shall be’ pfovided between

.the 1450 MH=z output and the phase lock loop signal which is mixed '

with the mazser input.
4,2 I‘nc"equency: 5 M.Ez
;1.2.1 Power: 1 volt BB across 50 ohms.
4.2.2 SNR: 85 DB.

C-2



4.2.3 Harmonic Distortion: doﬁq 40‘DB from rated'output.
4.3 Frequencgi/ 1 MH=

- .
4.3.1 Power: 1 volt RMS ac?oss 50 ohms,
432 sm: &5 8.
4.3.3 Harmonic Dis¥ortion:_ down 40 DB from ratgd output. )
4.4 Frequency: -109 KH=
4.4.1- Power: 1 volt RMS.across 50 ohms
4.4.2  Haymonic Distorti?n: down 40 DB from rated output.
4.5 OQutput connectors

4.5.1 1450 MHz: Type N coax,

4.5.2 BNC coax bulkhead Tecépiacles.

5. COPEN LOOP OSCILTATOR CHARACTERISTIC
5.1 Short Term Stability
2 x 10717 for one second averaging time while operating at specified

environments and input power.
5.2 Long Term Stability

This parameter is determined by phase lock loop response, The phase
detector correction volitage must be capable of maintaining lock for an

accumilated oscillator frequency drift over a periecd of 400 days.

C-3



6.1

6.2

6.3

LOOP RESPONSE CHARACTERISTICS

Receiver Noise Figure

11 DB maximum (as presented to input signal).

f”/"

Lock Acquisition Time

One millisecond maximum

Design Considerations

Qualitative requirements for loop response are outlined in Cuitler and
Searle's "Some Aspects of the Theory and Measurement of Fregquency
Fluctuations in Frequency Standards," IEEE Proceedings, February, 1966,

pages 150 and 151,

oscillator is required. The frequéncy multiplier, the frequency

synthesizer and the mixer—preaﬁé must_be carefully selected to

minimize their frequency power spectral densities within the loop
bandwidth. ’

RELIABILITY

The design and the materials for the phase lock loop are to be chosen

so as to ensure maximum operating reliability.

of 100 days.

A high drive level, high fregquency crystal

C-4

The minimum

‘reliability goal is continuous, failure free operation for a period
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DISTRIBUTION AMPLIFIHER

1. GENERAL

The distribution amplifier shall provide multiple signel outputs for

éach of three stable‘frequency, gine wave inputs.
2. OPERATING comnrmioms
| Temperature: 0 to 50 degrees C.
2.2 Relative Humidity: O to 100 percent

2.3 Input Power

Voltage: 28 (+4) VIC

Current: 1.6 amperes maximum
3. INPUT SIGNALS
3.1 Frequency: 5 MHz

Voltage: 1 (30.25) volts RMS
Input Impedance: 50 ohms or greater

3.2 _ Frequency: 1 MHz

Voltage: 1 (40.25) volts RMS
Input Tmpedance: 50 ohms or greater



3.3

3.4

4.1

4.2

4.3

Prequency: 100 mz

Voltage: 1 (ip.25) volts RMB

- Input Impedance: 50 6gﬁs or greater
o~

"

Isolation
Fach input shall be floating and independent of the other tﬁg.
OUTPUT SIGNALS

Number

A minimm of four output signals shall be provided for each input -
signal.,

Output Signal Level

Ad justable to within 0.5 volts of 4 volts RMS. All ocutput signals
from one input shall be adjusted by a single control.

Noise

Harmonic Distortion: 60 DB below signal level *
Spuricus: 80 DB below signal level.

Isolation

Iess than 3 percent change in any channel for & short circuit on
another chamnel of the same input signal.



4.5

5.1

5.2

5.3

Stability

The phase fluctuation, for a one second averaging time, between the

input and output signéis shall be less than 5 parts in 1011. The

long “te¥m, one week averaging time, stability shall be essentially
zero (not measurable with present techniques).
PACKAGING

Chagsis

The unit shall be packaged on a2 chassis suitable for slide mounting

in a stendard 19 inch equipment rack.
Controls and Display

Front panel control and displey shall include meters, switches, or

other components which provide indication of amplifier performance,
Connectors

Rear panel BNC coax bulkhead receptacles shall be provided for all
input and output signals.

RELIABILITY

Allciiéﬁifryshall be solid state components. The design, materials
and fabrication technigues for fthe amplifier shall he selected so as

to ensure maximum operating reliability. The minimum relisbility

- goal is continuous, failure free operation for'a period of 100 days.

c-8



TIME CODE GENERATOR

1.

2.1

2.2

. 2.3

5.

GENEBATL

This -Goctment presents the specifications for a Time Code Generatoxn.
The Time Code Generator shall operate with an ultra stable 1 MHz
input signal to provide lower frequency outputs and IRIG time formais.
No inbternal oscillator is required. ’

OPERATING CONDITIONS

Environment

e Temperature: O to 50 degrees €
e Humidity: O to 100 percent relative humidity

Input Power

e TVoltage: 28 (34) VIC
e Current: Meximum: 3,5 amperes

Packaging

The Time Code Generator shall be packaged on a-chassis which is

suitable for slide mounting in a standard 19 inch relay rack.

INPUT SIGNAT

.o Frequency: 1 MHz

e Amplitude: 2 to 10 volt peak-to-peak sine wave
¢ Time Code Generator Imput Impedance: greater than 10 X obms

C-9



'.’1

2

[.5

Ve

7.

OUTPUT SIGHATS

IRIG. B standard time format -(DC level shift) with pulse amplitude
adjustable from 4 to 8 VDU and space ampltude.-at +0.3 VDC. -Output
impedance: 600 ochms,

IRIG B standard time format (DC level shif}) with pulse amplitude
adjustable from 4 to 8 VG and space amplitude at +0.3 VDC. Outputb
impedance: 600 ohms .,

1000 PPS, symmetrical, 0 to 3 volis, output ilmpedance: 100 ohms.
10 PR3, symmetrical,,o’to 3 volts, output impedance: 100 ohms.

1 PPS, symmetrical, 0 o 3 volts, oubput impedance: 100 ohms,

VISUAL DISPIAY

The accumulated time shall be visually displayed as seconds, minutes,
and days. '

TOTAT, ACCUMULATED TIME

Accumulated time storage elements and visual disPiay shall be

. provided to accommodate a minimum of 399 days.

PRESET ACCUMULATED TIME

Front panel controls shall he provided to preset the acoumulated

$ime storage elements and the visual display to any desired value.

Capability for remote control of the preset accumulated time function

shall be provided by paralleling the front pansl switch commections

to a rear panel mounted connector.

G~10



10.

10.1

10.2

- REMOTE ACCUMUTATED TIME IWFORMATION CUTPUT

The condition of each data storage element, from tenths of seconds
to hundreds of days, in the %ime accumulator shall be available for

remote monitoring. This information shall be provided on a rear panel

. mounted connector,

TIME ADVANCE AND RETARD

Front panel controls shall be provided for advancing or retarding the
pulse repetition rate.to permit synchronization with a second time
code generator, The most sensitive control shall provide for adding
end for inhibiting changes of state in the 1 MEz flip flop of the
frequency divider network. Less—sensitive controls shall be provided
which add or inhibit at rates of 0.1 and 0.01 or 0.125 and 0.0078125
of the most sensitive rate. Capability for remote control of the
advance and retard function shall be provided by paralleling the front

panel switch comnections to a rear pépel mounted connector,
RESET CAPABTLITY

A single front panel switch shall be provided to reset and maintain
all accumnlated time storage eléments and the display to zexro
elapsed time. OCapability for remote control of the reset function
shall be provided by paralleling the switeh comnections to a rear

panel mounted connector,

A single front panel switch shall be provided to inifiate time
keeping after reset., Capability for remote control of the initiate
function shall be provided by paralleling the switch connections

to a rear panel mounted comnnector.

c-1



1.

12.

REAR PANEL CONNEGTOR

A mating connector shall be provided for the rear pamel mounted

connector which containg the pins for all remote conirol functiions.

RELTABILITY

The design and the material for the time ‘code gemerator are to be
chosen so as to ensure maximum operating reliability. The minimum

reliaﬁility goal is a continnous failure-free operation for 100 days.
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1.

STGNAL EVATUATOR AND ERROR DETECTOR (SHEED)

GENERAT, |

The signal evaluator and error detector shall perform measurements
on input signals and shall, when error conditions are detected,

generate output signals., Pulse amplitude limit detection, pulse

coincidence detection, maximum accumulated time deviation detection,

and signal presence monitoring shall be performed, An output
signal shall be generated which identified the measurement which has
been detected to be in exror, Timeseqﬁenbe:controlled switching
functions shall be generated.
OPERATING CONDITIONS
2.1 Environment
2.1.1 Temperature: O to 50 dggrees C.
2,1.2 Relative Humidity: O to 100 percent,
2,2 TInput Power . .
2.2.1 TVoltage: 28 (44) VDC
2.2,2 Current: Not to exceed 650 milliamperes

2.3 Packaging

The unit shall be packaged on a chassis which is suitable for
slide mounting in 2 standard 19 inch reley rack,
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3.

INPUT SIGNATS

3.1

3.2 |

3.3

3.4

32

3.6

3.7

3.9

3.10

311

3.12

3.13

3.14

IRIG B time format (DG level shift), O (+0.3) to 5 (40.5) volt

amplitude, required input. impedance greater than 10 kilohms,
Same as 3.1.
Same as 3.1.

IRIG B time format (DC level shift), 0( 10.3) 4o 5 (40.5) volt
amplitude, required inpubt impedance greater than 10 kilohms.

Same as 3.4.
Same as 3.4.

4096 XHz, square wave, 3 (10.1) volt amplitude, required input
impedance greéter than 200 ohmé,

2048 Xz, samz conditions as 3.#.
10é4 KHZ, same coﬁditions as 3.7:
512 XHz, same conditions ag 2.7
100 XHz, same condiitions as 3.7.
1 KHz, same conditions as 3.7.
100 Ez, éame condi%ions as 3.7,
10 Haz, ;ame conditigns as 3.7,

Cc-14



3.15 1 Hz, same conditions as 3T

3.16 1 Hz, squaze wave, 0 (40.3) to 5 (40.5) volt amplitude,

Tequired input impedance greater then 10 kilohms,

%3.17 Same as 3,16,

MEASTREMENTS

Capability shall be provided to perform the following measurements.

4.1

4-2

Determination of pulse amplitude:

4.,1.17 Limit detection to ensure that each pulse of Signal'
3.1 bas an amplitude of 5 (40.5) volts. Zero sigmal
level shall be 0 (40.3) volt,

4.1.2 Limit detection to ensure that each pulse of Signal
3.4 has an amplitude of 5 (30.5) volis.

Time deviation detection shall be performed on the positive-
going excursions of the.following signal pairs (the maximum

permissible time deviation is 1600 +0, -20 microseconds).

L

4.2.1 Signal 3,15 agai#st 3.16.

4.2.2 Bignal 3,15 against 3.17.

Pulse Comparison of Signal Combinations

The signals sﬂall be compared on a.pulse—by-pulse basis so

that error detectioﬁ-is verformed whenever a pulse appears on

only one signal or when the pulse durations are not identical.

C-15



.The duration detection is necessary because the work marker,
the infoxmation marker, and the time marker pulses are

respectively 8, 2; and 2 ﬁime units in duration.
—473.1 Signals 3.1 and 3.2

4.3.2 Signals 3.1 and 3.3

4.3.3 Signals 3.2 and 3.3

4,3.,4 Signals 5.4'and 345

4.3.5 Signals 3.4 and 3.6

4.3.6 - éignals 3.5 and 3.6

4.4 Signal Presence Monitoring
Capability shall be provided to monitor signals 3.7 through
3.14 to ensure that a signal is present. No particular
parameter must be monitored; the requirement is detection of
signal failure., Continuous monitoring of each signal is
not required; time sharing is'permissible with the wesiriction
that equal time shall be allotted to eaclH signal.

OUTPUT STGNALS
5¢1 Input Signal Transfer

Input signals 3.1 through 3.17 shall be fransmitted as output
signals. Signal conditioning shall be provided to transform
each output signal to an amplitude of O (40.3) to 5 (40.5) volts
across 100 ohms,
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Errmox Signal: Generator

An output shall be genera‘béd for each of the following errox

conditions detecfed, Each exvor signal shall be a 5 pps,
—ﬁ”ﬁ’oz volt; square wave.

5.2,1 IRIG E amplitude error (4.1.1)

5.2,2 IRIG B amplitude error (4.1.2)

5e2.3 Time coincidence error (4.2.1)

5.2.4 Time coincidence error (4.2.2)

5.2.5 Pulse comparison error (4.3.1)

5.2.6 Pulse comparison error (4.3.2)

5.2.7 Pulse comparison error‘64.3.3)

5.2.8 Pulse comparison error (4.3.4)

5.2.9 Pulse comparison error (4.3.5)

5.2.10 Pulse comparison error (4.3.6)

5.2,11 Loss of signal (4.4)



6‘

CONTROL AWND TIMING FUNCTIONS
6.1 Output Conirol Function

Error signals generated by ORing groups of output signals shall
be utilized to control two switching functlons, each operatlng
between a2 pair of rear panel’ mounted comnector pins, The
connector pins and the selected switching technique shall be
capable of controlling 300 watis of 115 VAC power. Either
relay or solid state Switchihg Is permissible. If a relay
switcﬁ is selected, the design shall provide for transient
generation protection by coil suppression diodes and physical
isolation. The ohas31s—enclosed length of each switch line shall -~

be kept to a minimum,
6.2 IRIG "B" Piming Function

Signals 5.2.1, 5.2.8, 5.2.9, 5.2.10 and 5.2.11 .shall be ORed %o
generate a composite error sign;l which shall be utilized to
initiate a timing sequence. The earliest error signal shall
close the switch across the first pair of connector pins

referred to in 6.1.
6.2.17 3.2 Seconds Time Delay
4 3.2 (40.2) second time delay shall be trigsered by the

- arrival of each error signal; this time delay shall be
‘utilized to maintain switch closure.
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6.3

6.2,2

6.2.3

25 Second Time Delay

The earliest error signal shall trigger a 25 (+2) secdnd

. time delay. A% the completion of the 25 second delay,

the switch shall be opened overriding the 3.2 second
delay, if necessary. A front panel control shall be

provided'to permit manual reset of the 25 second delay.
600 Second Time Delay

A 600 (+30) second time delay shall be triggered by
the arrival of each error signal., The completion of
this deléy shall, by ggneratihg a reset of the 25 second

delay, enable another switch closure cycle.

IRIG "E" Timing Function

Signals 5.2.2, 5.2.3, 5.2.4, 5.2.5 and 5.2.6 shall be ORed to

generate & composite error signal which shall be wtilized to

initiate a timing sequence. The earliest error signal shall

close” the switch across the second pair of commnector pins

referred %o in 6.1.

6.3.1 -

25 Second Time Delay -
4 25 (42) second time delay shall be triggered by the

arrival of each error signal; this time delsy shall be

utilized to maintain switch closure.
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MATER

7.1

?o_?

%]

6.3.

200 Seconds Time Delay

deluy, the switeh shall be cpened, cverriding the
?5 secon? dJelay i€ nesessary. A front panel centrol
shall bto provided $¢ pesmit mamual reset o

second delay,
6.3.5 600 Sccond Time Deley
€30 (430} sezond iime delay shall be irlggered by
¢f each errer aignnl, The coppleiion of

this delay chall, by generating a2 reget of the 2CC

gecond delaw, enable ancther cwiteh closure eycle,

o
Circuiiry

Zxcept for the uwiiching funstion specified In 6,1, all

Connesicors

Connectors for the Inpul signalp specified in paragraph

and the outpui o

C
to implement the funstion ¢f paragmih 6 shall not bte upecified

except that a =ating connceter shalil bo srovided,
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BELIABITLITY
The desi§2/and the materials are to be chosen so as to ensure

-maximifi operating reliabilitvy. The minimum reliability goal is

continuous, fallure free overstion for 100 days.
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