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Preface

Revision 01 is being releagd for gereral comment. The actual proceduresfor installing the
instrumert in the T/V chamber and running the thermal balance part of the procedure aremore
to be regarded asplaceloldersthan fi nished products.
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1 Introduction

11

1.2

The flight hardware for the Cosmic Ray Telescope for the Eff ects of Radation (CRaTER)
instrumert on the Lunar Recannaissance Orbiter (LRO) is composed of asingle asembly
incorporating both radation detector and all associated power, commard, data processing,
and telemetry electonics.

Activity Description

This procedure will provide a demmstration that
» the hardware meetsits performarce requiremerts within allowab e tolerarce when
subjectedto athermal-vacwm environmert representative of extreme operating
conditionsin flight;
» the hardware meetsits performarce requiremerts after being subjectedto multiple
thermalcyclesin avacwm environmen;
» thethermal model faithfully represerts the actual flight instrumert.

Demonstration of hardware performarce during the teg is accanplishedby use of the
CRareRr Short Form (32-06003.02) and Long Form (32-06003.01) Functional Teds.

A graphical timeline of the acivitiesdesribedhereis givenby the TV Temperature
Prdfile (32-06005.0101)

Test Item Description

Six silicon particle detectors (labeled D1, D3, D5 for the “thin” 140um units; D2, D4, D6
for the “thick” 1000um units) are arrangedin a stack with intermedate cylindersof Tissue
Equivalent Plagic (TEP). Whenusedin coincidernce, these detectors form acrude
telescope with a 35 degreefield-of-view. Charge collectedby eachdetector is separately
amdified, filtered and converted by an A/D converter. The six valuesof depositedcharge
form ahextuple of 12-bit valuesthat comprise the primary science datafor asingle evert.
The FPGA packs a seriesof these hextuplesinto a CCSDS primary science telemety
packet for transmission to the spacecraft data system. Similarly, secandary sciernce
informaion (e.g.: rejected event rate§ and analog housekeepng valuesarepackedby the
FPGA into their own CCSDS telemety packets. All telemety istransmittedon a Ml L-
STD-1553 data bus.

Similarly, all instrumert commards arereceived from the spacecraft via the 1553 bus.

Six instrumert temperaturesareread out through the normal flight telemety stream:

» telexope—thisisagood representation of the TEP and detector temperatures

» amalog board— the amalog board hasno point heat sources

» digital board—thisis the temperatre of the case of the hottes component (the

1553 trarsceiver)

» DC-DC converter —the cag temperaure of the hotter of the two converters

» bulkhead-the wall separating the electronicsbox from the telescope volume

» prtrefererce— locatedon the bulkheadadacer to the above sensor
Note thatthe “prt reference’ is normaly readout by the spacecraft telemety system; only
in the stand-alone instrument ted configuration isit read out in theinstrumert telemetry
stream The location of these sersorsis shown in Appendix B.
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1.3 Support Item Description

13.1

1.3.2

1.3.3

134

1.3.5

1.3.6

1.3.7

Thermal-Vacuum Chamber

The ThemalVacwm Chamberisa2’ x 2' x 2° chamber mack of stainles steel. All
walls areelectropolished The chamber basepate is 3/8” thick copper, gold plated with
temperature limits of -120C to +125C. The door gasket and basep ate feedthrough seak
areviton. All other seak are conflateswith copper gaskets. The vacwm system consists
of a4.5” OD Leybold turbo pump backed by a Tribudine dry rotary vane roughing pump.

TQCM

A Themoelectic Quariz Crystal Microbalance (TQCM) is providedto assess the
cleariiness of the instrumert.

Radiation Source

A ®Co gammaray sourceis usedto stimulate the thick deteciors during parts of the Long
Form Functional teds.

Spacecraft Simulator

The spacecraft simulator is composed of a single-board-computer (SBC) marriedto a

MI L-STD-1553 bus controller. The SBC is programmedto interrogate the instrumenrt on
afixedcacdence,retrieving up to 25 primary sciernce packets per secand, 1 secondary
science packet per second, and 1 housekeepng packet per secand. (Once integrated with
the LRO spacecraft, the housekeepng packets are retrieved only once every 16 seconds,
but the packets areavailalde from the instrumert at the higher rate, sincethe instrumert
runs ata one second caderce)

28VDC Power Supply

A standardlaboratory DC power supply, adustabe over the range of 27 to 35 VDC, 0.5
amperesmaxmum, is requiredto power the instrumert.

Data Logger for Chamber Environment

The Chamler Data Logger acquireslow time resolution data about chamber temperaures
and pressure.

Computer Workstation

To support the monitoring of ervironmert varialdesfrom the dataloggerin addition to
the commard and datainterfaceto the instrument viathe spacecraft simulator, a
computer workstation isrequired Thisworkstation is also regponsible for logging all
datainto standard LRO-formatdatafiles Our softwarewill run on UNIX, Mac,or
Windows operating systemswhich support UDP network connections to the spacecraft
simulator and data logger and have both Perl and TCL/Tk availabe to run the scripts.
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2 Requirements

2.1 Verification Plan

This Procedure supports the Instrumert Peformarce and Environmertal Verifi caion Plan
(32-01206).

2.2 Temperature Limits — Thermal Balance

The teg temperaure requiremerts for Thermal Balance aretakenfrom Tale 2-1 of the
LRO Thermal System Specifi cation, 431-SPEC-000091, Rev C. Thes are hot basedon
flight predcts of the internal reference temperauresbut on the specifiedlimits on the
spacecaft side of the interface — in this case the plate to which the instrumert underteg is
mounted

* Hot balarce: +25C

 Coddbalarce: -30C

2.3 Temperature Limits — Thermal Cycling

The teg temperaure requiremerts for Themmal Cycling aretakenfrom Talle 6-3 of the
CRareRr Themal ICD, 431-ICD-000118. In this case we refer to the temperature atthe
(interral) referencelocaton.

e Hot Suvival +50C
e Hot Qualification +40 C
* Hot Operaing +30C
» Coald Operating -30C
e Cdd Qualification -40C
e Coadd Suvival -40C

2.4 Temperature Tolerance
The tolerarce on all ted temperatresis £2C.

2.5 Temperature Slew Rates
Thermal slews will be commardedto occur atarate of 0.5C/min.

2.6 Required Items

«  Thermalvacwm chamker

- TQCM

. ®Co radation source

+  Chamberdatalogger

+  Spacerdt Simulator

«  28VDC Adjustable Power Supply
+ Flight CRareRr Instrumert

2.7 Documents to be on Hand

32-03002.02  T/V Chamber Wiring Diagam

32-06003.01  Instrumert Long Form Functional Teg Procedure (4 copies
32-06003.02  Instrumert Short Form Functional Ted Procedure (12 copies
32-06003.05 Vacuum Pumpdown and Venting Procedure

32-06003.06  Instrumert GN2 Puge Procedure
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3 Configuration

3.1

3.2

3.3

3.4

3.5

General Constraints
Electrostatic Discharge (ESD) protection procecuresper MIT 99-01003 shall be observed

Connecior mating/demating proceduresper MI T 99-03002 shall be observed. Any
connections mack directly to the unit under ted shall be notedin the mate/demat log.

Only qualified personnel mayinstall/remove the radation sourceto/from the chamber.
The activity level of the unshielded source is comparalde to natural background ata
distanceof 1 foot.

The flight instrumert shall be maintainedin a cleanervironmert per MI T 32-01203. In
addition the thermalvacwm chamber must be verifi ed clean(using the TQCM) prior to
installation of the instrument in the chamber.

The laboratory power supply shall be operated only within the range of 27 to 35 VDC.

A threedigit, calibrated digital voltmeter shall be usedfor the initial setup of the input
power. No other calibratedequipmert is required

Nomenclature

The Electical Ground Support Equipmert (EGSE) consists of a28 VDC power supply, a
Ballard Techhol ogiessingle board computer with 1553 interface(the spacecraft simulator),
the Chamber Data Logger, a computer workstation, and associated calding.

The chamber baseplateisthemally isolated from the chamber walls and temperature
controlledby a combination of heaersand LN2. Theinterface plate providesahole
patternequivalent to the spacecraft mecharnical interface. It is hard mountedto the
chamber basepate (and thus should follow the control temperature closely); the instrumert
and blarketare, in turn, mounted on the interfaceplate.

Test Configuration

The flight instrumert with arepresentative themmal blanket is configured for teg inside the
thermatvacuum chamber located at MI T Building NE8O with connections made through
the chamber wall to the laboratory power supply and spacecaft simulator. (The themmal
blarketis optional if only thermal cycling isto be performed)

Hazardous Commands

It is not pemissible to turn on the detector biassupply in partial vacwm environmerts
where the pressure is between 525 torr (10K feet altitude nominal) and 10° torr.

Instrument Purge

The instrumert should be purged prior to returning the instrument to storage after teding;
seethe Instrument GN2 Purge Pracedure (32-06003.06). Nominal completion of this
procedure will reault in that happening aspart of the chamker vert cycle.
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4 Procedures -- Initialization

4.1

4.2

Spaceis providedfor the recording of informaiton of particular significarce in the conduct
of thisted. Whereavalue simply needs to be verified, asopposedto recaded, asimple
checkmark ! will suffice. In addition the Teg Conductor mayredine the procedureto more
accuately documert the actual flow of events, both routine and anomalous. An examgde of
this would be that the Thermal Balance dwells are done on only one flight unit and herce
skippedon the alternate unit.

The pagesof this secion will be attachedto the Teg Report thatis filed for eachinstrumert
on whichthisactvity isconducted Thatis also true of the asrun copiesof the Short ard
Long Form Ted Procedures The telemetry data stream gererated by the spacecraft simulator
and chamber dataloggeris anintegral part of the Teg Reyort; that datais archivedon
crater.bu.edu.

Identification of Equipment and Personnel

Flight Instrumert, 32-10000 SN

Spacecrat Simulator, 32-80201 SN

Principal Ted Conductor

Other Teg Conductors

QA Represntative:

Other Individuals:

Data Logging

The gereral intert isto log the instrument and chamber data continuously for the duration
of thisted procedure. Since standard archive proces date-stamys the file names and
every CCSDS data packetis timetagged, we can after the fact, stitch together a
continuous archival record. The importarnt point for the tes conductor is not to terminate a
datalog archive at the conclusion of any short or long form functional te€, but simply to
letit run. (At maxmum event rate we generated< about 1GB/day.)
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4.3 Baseline Chamber Cleanliness

At sometimenprior to thisted the chamber must be subjeciedto a“dry run” before the
instrumert and its thermal blarket are installed. With the interface plate held at +35C ard
the TQCM held at—20C, anempty-chamler cleardiness level must be egallished

TQCM Drift Dateof Ted I nitial

4.4 Install Instrument in Chamber

4.4.1 Install Instrument on Interface Plate

All operations to be performedin cleanbench, wearing ESD-safe cleangloves
ESD precaduions must be met

1.
2.

©ONO AW

Mount the CRaTER assembly onto InterfacePlate.

Secueto Interface Plate with clean10-32 x .75” min SHCS. Torqueto 28in
Ibs.

Connectvacuum interface calde (1553, 1 Hz clock, power) to the instrumert.
Remove vent plug atthe purgeinlet

Remove vent cover atthe purge outlet

Install Thermal Blarket.

Bagasembdy with NMD-cleanbag matrial. Seal with ESD-safe tape.
Placeon assembly transport cartand go to T/V chamber

Date Time I

4.4.2 Install Interface Plate in Chamber

ESD precauions must be met Cleanroom attire shall warn: ESD-safe cleangloves
ESD cleanroom smock, ESD wrist strap, hair net must be worn.

1.

2.

32-06005

Open chamber door and cleaninterfacesurface with dry cleanAlpha 10
wipe.

Ensure wires callesand hardware arenot in the way to install the Interface
Plate. One screw should be leftin place in the rear, center of the copper
plate. Thisis for ea® of installing and aligning the Interface Plate

(Two peagple may be requiredto install assemty.) Remove cleanbagging
material from unit. Maintain in tacked for future use.

Lift unit into chamber asfar aspossible so asto minimizethe sliding of the
Interface Plate on the copper plate. Align the slot in the Interface Plate to the
certer, rear screw.

Loosely install theright side atthe 5 (five) mounting locaions with ! -20 x
1"L SHCS(clean). Securethe left side atthe 5 (five) mounting locations
with! -20x 1! "L SHCS(clean). Torgqueto 20 in-lbs TBR.

Mate calde from the instrumert to the feed-thru connedor labeled CRaTER.
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7. Mount RTD #7 near the front of the InterfacePlate. Secure with aluminized
Kapon tape. Mount RTD # 8 in another converient locaton and secure with
aluminizedKapon tape. Ted RTDs by gertly touching with hands and
watch for temperaure rise.

8. Visually inspectinside of chamber to ensure no wiresare pinched.

Date Time I

45 Check out the EGSE

Connectthe external 1553, 1Hz clock, and 28V DC power callesto the Spaceaaft
Simulator and run a Short Form Functional to demastrate basc aliveress. In addition
to anormal Shart Form, check out the alternate 1553 connedion. The instru ment
should beleft in a powered down state.

Pass/Fail Instr. State
Off?

Connectthe external callesto the Chamber Data Logger and verify thatall
ernvironmertal chamels and the TQCM monitor arefunctioning properly.

4.6 Pump Down the Chamber

Following the Vacwm Punpdown Procedure, 32-06003.05, pump down the chamber.
Continue on to the next stepwhenthe pressureislesthan5 x 10 torr.

Date Time I

4.7 Initial Outgassing Period

Commanrd the chamber basepdate to 35C. Continue on to the next stepwhenthe pressureis
again lessthan’5 x 10° torr.

Date Time I
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4.8

4.9

Baseline Long Form Functional Test
Commard the chamber basepateto 0C.

Wait for the Instrument Reference Temperature to reach between—2 and +2C; thenrun a
full Long Form Functional Ted, 32-06003.01. (The interral reference temperaure will rise
dlightly in the course of thisteg asthe instrumernt stakilizesthemally; we’ll use this
informaion later aswe aim for particular operating temperatures) The Long Form will
leawe the instrumert unpowered

Pass/Fail Instr. State  Thaseplate Tref Time Initial
Off?

Tref— Thasepate:

General Instrument Monitoring

Asthe instrumert operatesmore or less continuously during thisteg, the tes conductor
must monitor the datato assure that nothing untoward — or evenunusual — is happening
betweenthe benchmarkted events. In particular both instrumenrt and facility data should
be monitored carefully during temperature trarsitions.
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5 Procedures — Temperature Dwells

5.1 Hot Survival Dwell

Commanrd the chamber basepate to +50C — this and all subsequent control temperature
changesare to be commarded at a slew rate of 0.5C/minute -- and wait for the Instrument
Refererce Temperature to reacha minimum of +48C. (If the Reference Temperaurefails
to follow the basepate temperaure closely, some control adustmert to the basepate

temperature may be necesary.)

Dwell atthistemperaure for a minimum of 4 hours; the instrumert remains unpowered

Date Time I

If the Thermal Balance dwells arenot being performedon this unit, proceeddirecty to
section5.4.
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5.2 Hot Thermal Balance

Commard the chamber basepate to +25C. (For the balanceteds, the interfaceplate
temperature, not the instrumert referernce temperature, is the controlling requiremert.)

Date Time I nitial

Whenthe interface plate first reactesits target temperature (it is not necessary to wait for
the whole instrumert to stakilize), run a Short Form Functional, stopping at the conclusion
of 4.7 Check Detector Noise Levels. Thiswill leawve the instrumert running in its nominal
on-orbit condition.

Pass/Fail Instr. State Time I nitial
Oon?

At 30 minute intervals recad the instrumert temperature data. Balanceis aclievedwhen,
after aminimum of 5 hours, thereisno changein ary of the six instrumert temperauresof
more than0.5 degee C in the previous 3 hours.

Tiime Telescope Analog Digital Converter Bulkhead PRT Interface

Plate
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5.3 Cold Thermal Balance

Commanrd the chamber basedate to -30C. (For the balanceteds, the interfaceplate
temperature, not the instrumert reference temgerature, is the controlling requiremert.
Initial

Whenthe interface plate first reactesits target temperature (it is not necessary to wait for
the whole instrumert to stakilize), run a Short Form Functional, stopping at the conclusion
of para 4.7 Check Detector Noise Levels. Thiswill leave theinstrument running inits
nominal on-orbit condition.

Pass/Fail Instr. Running? Time I nitial

At 30 minute intervals recad the instrumert temperature data. Balanceis achievedwhen,
after aminimum of 5 hours, thereisno changein ary of the six instrumert temperauresof
more than0.5 degee C in the previous 3 hours.

Tiime Telescope Analog Digital Converter Bulkhead PRT Interface

Plate

Turn off the instrumert by executing para4.8 Clean Up and Shut Down of the SFF.

p——
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5.4 Hot Dwell #1 — Hot Turn On/Long Form
Commard the chamber baspate to +40C.

Date Time I

Wait for the Instrument Reference Temperature to reach the range or +38 to +42C. (If the
Refererce Temperature fails to follow the basedate temperaure closely, some control
adustmert to the basepdate temperature may be necesary.)

——

Now wait for (a minimum of) 2 hours with the instrument un-powered then perform a
Long Form Functional. The instrumert should be powered off atthe end of this procedure.

Pass/Fail Instr. State I
Off?

Sincethe Long Form takeslonger than4 hours to complete, we cansimply go on.

5.5 Cold Dwell #1 — Cold Turn On/Long Form
Commanrd the chamber basepate to -40C.

Date Time I

Wait for the Instrument Reference Temperature to reach the range or -38 to -42C. (If the
Refererce Temperature fails to follow the basedate temperaure closely, some control
adustmert to the basepgate temperature may be necesary.)

——

Now wait for (a minimum of) 2 hours with the instrument un-powered then perform a
Long Form Functional, stopping before para4.16 Clean Up and Shut Down. When
finishedleaw the instrumert running in the state defined by para4.7 Check Detector Noise
Levels of the Short Form Functional.

Pass/Fail Instr. State

Sincethe Long Form takeslonger than4 hours to complete, we cansimply go on.
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5.6 Hot Dwell #2
Commard the chamber baspate to +40C.

Date Time I nitial

Wait for the Instrument Reference Temperature to reach a minimum of +38C. (If the
Refererce Temperature fails to follow the basedate temperaure closely, some control
adustmert to the basepdate temperature may be necesary.)

p——

Now wait for (a minimum of) 4 hours with the instrumert operaing; then perform a Short
Form Functional, stopping atthe conclusion of para 4.7 Check Detector Noise Levels.
Thiswill leawe the instrument running in its nominal on-orbit condition.

Pass/Fail Instr. State Time I nitial
Oon?

5.7 Cold Dwell #2
Commanrd the chamber basepate to -40C.

Date Time I nitial

Wait for the Instrument Reference Temperature to fall below —38C. (If the Reference
Temperature fails to follow the basepate temperature closely, some control adustmert to

the basep ate temperature may be necessary.)

Now wait for (a minimum of) 4 hours with the instrumert operaing; thenperform a Short
Form Functional stopping atthe conclusion of para 4.7 Check Detector Noise Levels. This
will leawe the instrumert running in its nominal on-orbit condition.

Pass/Fail Instr. State Time I nitial
Oon?
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5.8 Hot Dwell #3
Commard the chamber basepate to +40C.

Date Time I nitial

Wait for the Instrument Reference Temperature to reach a minimum of +38C. (If the
Refererce Temperature fails to follow the basedate temperaure closely, some control
adustmert to the basepgate temperature may be necesary.)

p——

Now wait for (a minimum of) 4 hours with the instrumert operaing; then perform a Short
Form Functional, stopping atthe conclusion of para 4.7 Check Detector Noise Levels.
Thiswill leawe the instrument running in its nominal on-orbit condition.

Pass/Fail Instr. State Time I nitial
Oon?

5.9 Cold Dwell #3
Commanrd the chamber basepate to -40C.

Date Time I nitial

Wait for the Instrument Reference Temperature to fall below —38C. (If the Reference
Temperature fails to follow the basepate temperature closely, some control adustmert to

the basep ate temperature may be necessary.)

Now wait for (a minimum of) 4 hours with the instrumert operaing; thenperform a Short
Form Functional, stopping atthe conclusion of para 4.7 Check Detector Noise Levels.
Thiswill leawe the instrument running in its nominal on-orbit condition.

Pass/Fail Instr. State Time I nitial
Oon?
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5.10 Hot Dwell #4
Commard the chamber basepate to +40C.

Date Time I nitial

Wait for the Instrument Reference Temperature to reach a minimum of +38C. (If the
Refererce Temperature fails to follow the basedate temperaure closely, some control
adustmert to the basepgate temperature may be necesary.)

p——

Now wait for (a minimum of) 4 hours with the instrumert operaing; then perform a Short
Form Functional, stopping atthe conclusion of para 4.7 Check Detector Noise Levels.
Thiswill leawe the instrument running in its nominal on-orbit condition.

Pass/Fail Instr. State Time I nitial
Oon?

5.11 Cold Dwell #4
Commanrd the chamber basepate to -40C.

Date Time I nitial

Wait for the Instrument Reference Temperature to fall below —38C. (If the Reference
Temperature fails to follow the basepate temperature closely, some control adustmert to

the basep ate temperature may be necessary.)

Now wait for (a minimum of) 4 hours with the instrumert operaing; thenperform a Short
Form Functional, stopping atthe conclusion of para 4.7 Check Detector Noise Levels.
Thiswill leawe the instrument running in its nominal on-orbit condition.

Pass/Fail Instr. State Time I nitial
Oon?
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5.12 Hot Dwell #5
Commard the chamber basepate to +40C.

Date Time I nitial

Wait for the Instrument Reference Temperature to reach a minimum of +38C. (If the
Refererce Temperature fails to follow the basedate temperaure closely, some control
adustmert to the basepgate temperature may be necesary.)

p——

Now wait for (a minimum of) 4 hours with the instrumert operaing; thenperform a Short
Form Functional, stopping atthe conclusion of para 4.7 Check Detector Noise Levels.
Thiswill leawe the instrument running in its nominal on-orbit condition.

Pass/Fail Instr. State Time I nitial
Oon?

5.13 Cold Dwell #5
Commanrd the chamber basepate to -40C.

Date Time I nitial

Wait for the Instrument Reference Temperature to fall below —38C. (If the Reference
Temperature fails to follow the basepate temperature closely, some control adustmert to

the basep ate temperature may be necessary.)

Now wait for (a minimum of) 4 hours with the instrumert operaing; then perform a Short
Form Functional, stopping atthe conclusion of para 4.7 Check Detector Noise Levels.
This will leawe the instrument running in its nominal on-orbit condition.

Pass/Fail Instr. State Time I nitial
Oon?
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5.14 Hot Dwell #6
Commard the chamber basepate to +40C.

Date Time I nitial

Wait for the Instrument Reference Temperature to reach a minimum of +38C. (If the
Refererce Temperature fails to follow the basedate temperaure closely, some control
adustmert to the basepgate temperature may be necesary.)

p——

Now wait for (a minimum of) 4 hours with the instrumert operaing; thenperform a Short
Form Functional, stopping atthe conclusion of para 4.7 Check Detector Noise Levels.
Thiswill leawe the instrument running in its nominal on-orbit condition.

Pass/Fail Instr. State Time I nitial
Oon?

5.15 Cold Dwell #6
Commanrd the chamber basepate to -40C.

Date Time I nitial

Wait for the Instrument Reference Temperature to fall below —38C. (If the Reference
Temperature fails to follow the basepate temperature closely, some control adustmert to

the basep ate temperature may be necessary.)

Now wait for (a minimum of) 4 hours with the instrumert operaing; thenperform a Short
Form Functional, stopping atthe conclusion of para 4.7 Check Detector Noise Levels.
This will leawe the instrument running in its nominal on-orbit condition.

Pass/Fail Instr. State Time I nitial
Oon?
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5.16 Hot Dwell #7
Commard the chamber baspate to +40C.

Date Time I nitial

Wait for the Instrument Reference Temperature to reach a minimum of +38C. (If the
Refererce Temperature fails to follow the basedate temperaure closely, some control
adustmert to the basepgate temperature may be necesary.)

p——

Now wait for (a minimum of) 4 hours with the instrumert operaing; thenperform a Short
Form Functional, stopping atthe conclusion of para 4.7 Check Detector Noise Levels.
Thiswill leawe the instrument running in its nominal on-orbit condition.

Pass/Fail Instr. State Time I nitial
Oon?

5.17 Cold Dwell #7
Commanrd the chamber basepate to -40C.

Date Time I nitial

Wait for the Instrument Reference Temperature to fall below —38C. (If the Reference
Temperature failsto follow the basepate temperature closely, some control adustmert to

the basep ate temperature may be necessary.)

Now wait for (a minimum of) 4 hours with the instrumert operaing; thenperform a Short
Form Functional, stopping atthe conclusion of para 4.7 Check Detector Noise Levels.
This will leawe the instrument running in its nominal on-orbit condition.

Pass/Fail Instr. State Time I nitial
Oon?
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5.18 Hot Dwell #8
Commard the chamber basepate to +40C.

Date Time I nitial

Wait for the Instrument Reference Temperature to reach a minimum of +38C. (If the
Refererce Temperature fails to follow the basedate temperaure closely, some control
adustmert to the basepgate temperature may be necesary.)

p——

Now wait for (a minimum of) 4 hours with the instrumert operaing; thenperform a Short
Form Functional, stopping atthe conclusion of para 4.7 Check Detector Noise Levels.
Thiswill leawe the instrument running in its nominal on-orbit condition.

Pass/Fail Instr. State Time I nitial
Oon?

5.19 Cold Dwell #8
Commanrd the chamber basepate to -40C.

Date Time I nitial

Wait for the Instrument Reference Temperature to fall below —38C. (If the Reference
Temperature fails to follow the basepate temperature closely, some control adustmert to

the basep ate temperature may be necessary.)

Now wait for (a minimum of) 4 hours with the instrumert operaing; thenperform a Short
Form Functional, stopping atthe conclusion of para 4.7 Check Detector Noise Levels.
This will leawe the instrument running in its nominal on-orbit condition.

Pass/Fail Instr. State Time I nitial
Oon?
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6 Procedures — Wrap-up

6.1

6.2

Baseline Long Form Functional
Commard the chamber basepateto 0C.

Date Time I

Wait for the Instrument Reference Temperature to reach therange or -2 to +2C. (If the
Refererce Temperature fails to follow the basedate temperaure closely, some control
adustmert to the basedate temperature may be necesary.) Run aLong Form Functional,
but leawe the instrumert in the state defined by the conclusion of para 4.7 Check Detector
Noise Levels of the Short Form Functional.

Pass/Fail Instr. State I
Oon?

Cleanliness Monitor
Commanrd the chamber basepate to +35C

Date Time I

Turn on the TQCM (per Appendix A), setting the cooling loop to +10C and the sensor
headto -20C. Recad the TQCM readngs every hour (for atlead five hours) until the
Contamination Engineerseesthat a satisfactory evaluation of theinstrumert cleadiness
hasbeenachieved
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Nominal Time TQCM f Change  Bulkhead Sen®r

Hours (Hz) (Hz/Hr) (®) (®)

10

11

12

CC Engineer Date Time Initial
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6.3 Power off Instrument

Power off the instrumert following para4.8 Clean Up and Shut Down of the Short Form
Functional.

Date Time I

6.4 Power off TQCM
Raise the temperaure of the sensor to +30C. Afterthe sensor hasstahilized turn off the

TQCM.

6.5 Power off Thermal Control of the Chamber Baseplate
Remaove power from the chamber basepate, leaving it drift atapproximatly +35C.

6.6 Vent the Thermal-Vacuum Chamber

Vert the thermmalvacuum following the procedure of 32-06003.05.

%ﬁm

6.7 Remove Instrument from Chamber

6.7.1 Remove Interface Plate from Chamber

Wearing ESD safe cleanroom gamert, wrist strapand gloves
1. Verify thatthe EGSE hasbeenpowered down.
2. PlaceYellow dust capoverthe TQCM.
3. Disconnectconnecior from the instrumert calde to the chamkber feedthru
calle. Remove RTDs 7 ard 8 from InterfacePlate.
4. Loosenand remove the hardware securing the Interface Plate to the copper
plate.

PlaceNMD bag on stainless steel cartand place cart near chamker.

Remove the InterfacePlate and Instrumert from chamber and placeon the

stainless steelcartand NMD bag Sealbagover the assemby and transport to

theted area.

7. Remove the InterfacePlate Perform a wipe teg on the chamker door by
applying ethyl alcohol to acleanalpha 10 wipe and inspectfor smudging and
smearng on the chamber door surface. Also inspectwipe for any
discoloration.

oo

Date Time I
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6.7.2 Remove Instrument from Interface Plate

Wearing ESD safe cleanroom gamert, wrist strapand gloves

1. Unbagassembly, keeping bagin tact for future use.

2. Remove retaining clips holding the blarketin place on the standoffs. Remove one
screw holding the blarket on the bottom part of the telescope.

3. PlaceBlarketin acleanbagfor future use.

4. Disconnectvacwm ted calde connecions J1 and J2 from to the connecbor savers
Unscrew J3 and J4 1553 connectors.

5. Loosenard remove 10-32 hardware that securesCRaT ER to the InterfacePlate.

6. Lift CRaTER Assemiy off of Interface Plate

Date Time I
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7 In Case of Test Failure

7.1

7.2

7.3

7.4

Chamber Anomalies

In case of electrical power failure you must perform the steps in Section 2.5 of the Vacwm
Punpdown and Verting Procedure documert. Note thatthe TQCM will have to be shut
off if the chamber pressure risesabove 1 x 10° torr. Theinstrumert should also be
powereddown if the pressure risesabove this value. (The instrumert biassupply doesnot
like partial vacwm; normal atmospheric conditions arefine.)

Workstation Anomalies

Note thatif the power is cycledto the Spacecraft Simulator, any current invocatons of
CHouse, CCmd, etc. will have to be closed and the programsredarted. (Each applicaion
program makesa specifi c requed to the Simulator for a data feed and these requeds do not
perdst over apower cycle.)

If you have trouble logging in as“jemyg”, analternative might be to log in asyour own
persona, and then enter the command

source/nfs/acis/al/craterfetc/config
which should allow you to proceed with the CHouse, CCmd, efc. commards.

Most other workstation problemswill probally require the assistance of a guru.

Spacecraft Simulator

The spacecraft simulator starts the CRaTER 1553 server (omniserver) and packet
distribution program (pdist) auomaitcally upon power-on boot. A heathy Ethernet
connection isindicatdby the blinking greenstatus light on the front of the OmniBusBox.

The 1553 server defaults to using the A side 1553 bus (only) on power up. The server can
be commanded (button on lower left of the workstation commard window) to use the B
side. All command and telemetry will operate normally in this mode, and all teg
proceduresmay be run in this condition without modification.

The spacecraft simulator also gereratesthe 1 Hz tick. This signal may be commanded
ON/OFF by abutton on the lower left of the workstation commard window (it will be ON
by defaut on powerup.)

Lacking succes, thereislittle more the casial user cando but recheck the cabdesand cycle
the power.

General Procedure Errors

A timestampis gererated by the spacecraft simulator once per second, convertedinto
LRO-stardard Mission Elapsed Time ard sert to the Instrumert in a 1553 data packet.
Thattimestampisthen attached to eachCCSDS telemetry packet returned by the
Instrumert. The GSE displays unpackthose MET timestams and convert them backinto
stardard wall-clock format The end reault: if the GSE timedisplays are incrementing
once per secand, the entire end-to-end commard-instrumert-telemety system is working.
And, if not, thereis no sense in proceedng on until that problemis solved
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7.5 Independence
Each dwell or balancein this procedure isreally anindeperdent teg and, assuch, canbe
execuedseparatly from the reg if aprocedural or GSE failure cawsesaninterruption.
One must only be careful that the final conditions of the previousted (e.g.: instrumert
power off) aremet whenpicking up ated sequencein the middie.

A trueted failure, on the other hard, will require that — after failure resolution — the tegt
sequerceis redarted from the begnning. Evenhere, however, the themmal balarce,
thermalcycling, and clearliiness monitoring arestill separak ertities combinedin this one
procedire merely asa matter of convenience.
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Appendix A -- TQCM Instructions

The Themmoelectric Quartz Crystal Microbalance (TQCM) providesanindicaton of the
clearliness level of the hardware in the ThemalVacuum chamber. It producesfrequerncy data
for the relative beat frequercy of 2 crystals within the sensor head This frequercy increagswith
contamination deposition onto the surface of the exposedcrystal surface.

There aretwo temperaureswhich areadustabe for the TQCM, that of the sensor ard that of the
cooling loop. The sensor temperature is set by a dial on the controllerbox. Running the sensor
caderthanthe instrumert under ted causesthe contamination to migrate to the sensing crystal
surface The sensor must be turned off during non-vacuum operating conditions and kept warmer
than+10C to avoid the risk of forming condensation and subsequert icing of the crystal.

The TQCM cooling loop temperature is controlled +10C during sensor operaton.

The TQCM requiresaheatcleanng cycle whenits frequercy exceed 3,000 Hz. During heat-
clearing, raise the sensor temperature to 100C for approximatly 30 minutes Do not be alarmed
if the frequency dropsto O during clearing. It should reagpearwithin the 30 minutes Upon
completion of the heatcycle, reetthe TQCM sensor temperaure to its pre-cleaning level
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Appendix B — Temp Monitor Locations

Referenece Location

PRT on inner wall between "\ By
electronics enclosure and “g o
telescope assemibly J
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Telescope

AD590 on telescope
preampboard

32-06005
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Analog Board

<
«
-
-
-
-
«
<

AD590 on
analog board
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Digital Board
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Power Converter
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