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PREFACE 

The work described in this report was supported by all members of the 

Halogen Occultation Experiment (HALOE) project. One of the major difficulties 

involved with the preparation of this document was the lack of suitable 

guidelines in planning an in-house test program for a major flight instrument. 

Therefore, it was modeled after approaches used by successful aerospace 

companies with selective improvements made to fit the needs of the HALOE 

project. Although it may not be specifically applicable, it should provide 

future in-house flight test programs with helpful, general guidelines in 

preparation of similar documents. That;s the purpose of this publication, 

which corresponds to the HALOE Project Offlce Controlled Document HALOE-09-034, 

Rev. B. 

Lemuel E. Mauldin, III 
Test Manager, HALOE Project 
NASA Langley Research Center 
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HALOE SIGNAL DEFINITIONS AND CONVENTIONS 

V Solar Signal considered as transmitted through vacuum. Science 

measurement in Volts DC, telemetered . 

V gas Solar Signal from the GFC optical path containing a gas cell, 

Volts AC. 

V vac 

6V 

R 

R gas 

R vac 

6R 

AGC 

Solar Signal from the GFC optical path with no gas cell, Volts AC, 

(Becomes V for GFC channels after demodulation). 

Solar Dlfference Signal (V vac - V gas) science measurement in 

Volts DC, telemetered. 

Signal from onboard reference blackbody through GFC channels, 

Volts DC, telemetered. 

Reference signal from the GFC optical path containing a gas cell, 

Volts AC. 

Reference slgnal from the GFC optlcal path with no gas cell 

Volts AC, (Becomes R for GFC channels after demodulation). 

Reference Difference Signal, (R vac - R gas) Provides input to AGC, 

Volts DC, Telemetered. 

Multiplying factor operating on V gas such that V gas = V vac when 

viewing the exoatmospheric sun. Volts DC, Telemetered. 
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HALOE INTEGRATED TEST PLAN 

1.0 INTRODUCTION 

1.1 Scope 

The HALOE Integrated Test Plan describes the test program Wh1Ch 

will provide flight acceptance of the HALOE 1nstrument and will demonstrate 

that the instrument meets its performance requirements. Only one fl1ght 

instrument will be fabricated, therefore, the test program must provide all 

of the instrument characteristics required to support the process1ng and 
I 
I 

analysis of flight data. In addition, testing must also provide the 

operat1ng experience necessary for an effective flight team and SC1ence team. 

The flow of testing will accompl1sh the necessary development and show 

qualification for the UARS. The preparations for flight will begin with the 

replacement of selected optical and electronic components and conclude w1th 

those tests necessary to show Flight Acceptance for the UARS. The tests are 

designed to be responsive to requirements given in the HALOE Test· 

Requirements Document HALOE-13-054. This document provides the overall test 

sequence lOglC from component, subsystem, and system level test1ng. Each 

test performed on the flight part, subsystem, or system 1S described 1n 

sufficient detail to allow preparation of the test procedure. Also, the 

management system for test preparation and test coord1nat1on 1S descr1bed. 

Test1ng that occurs during UARS spacecraft lntegration wlll be deflned later 

in a more approprlate document. 

1.2 Contents 

Sectlon 2: A brief description of the instrument and support1ng 

equlpment is given. A matrix relates requirements to tests. ThlS section 

also descrlbes the management system Wh1Ch lmplements the tests. 
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Sect10n 3: 

Section 4: 

Section 5: 

Testing performed at the component level is given. 

Test1ng performed on major subsystems 1S given. 

Testing which accompanies the assembly and integration 

of subsystems into an operating instrument is given. 

Section 6: Testing of the assembled instrument to verify and show 

compatibility with environments is given. 

Section 7: Testing in support of refurbishment 1S summarized in 

terms of previously developed tests. 
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2.0 INSTRUMENT DESCRIPTION, TEST REQUIREMENTS AND TEST ORGANIZATION 

2.1 Instrument Description 

The instrument configuration shown in figures 2.1-1 and 2.1-2 was 

selected to meet the HALOE experiment objectives. It is the result of 

evaluating several instrument concepts and performing tradeoff studles durlng 

the system definition phase. The operating events for the HALOE instrument 

in orbit are shown in flgure 2.1-3. 

The instrument consists of an optlCS unit, supported on a two-aX1S 

gimbal, and an off-gimbal electronics unit. The optics unit contalns the 

optics, chopper, detectors, preamps, signal process1ng, and A/D converter for 

the gas correlation channels and radiometer channels. The gimbal assembly 

provides azimuth and elevation rotation of the Opt1CS unit with ±185 degree 

azimuth range and a 39 degree elevat10n range. The electronics unit provides 

command processing, motor drives, sequence timing, mode control, power 

conditioning, pointer/tracker control, and data handling. An instrument 

operating schematic is shown 1n figure 2.1-4. The HALOE Instrument 

Description Document, HALOE-02-028, provides a more detailed descr1ption. 

2.1.1 Radiometric Measurement System 

A rectangular field stop at the focal p01nt of a 16cm d1ameter 

Cassegrain telescope determ1nes the HALOE Instantaneous Field-of-View (IFOV). 

A chopper, WhlCh 1S located at an lmage of the fleld stop, provides 

modulation of solar energy at one frequency and modulation of an lnternal 

blackbody rad10metric reference at a second frequency. The slgnals generated 

from the reference source (R signals) are used Vla automatic gain control 

(AGC) loops to correct the instrument-related changes to the solar energy 

measurements obtained by the Gas Correlation Channels. 

Revision B 
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F" ur 2 lIThe HALOE Instrument Assembled 19 e . - , 

Telescope 
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Figure 2.1-2, The HALOE Instrument, Principal Components 
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Figure 2.1-3, Sequence of HALOE Orbital Events 

5 September 20, 1985 

.... 



:u 
(1) 

<: 
t-'­
Ul 
t-'­
o 
::s 
tD 

en 

Vl 
CD 
u 
rt-
(1) 

3 
0-
(1) 

-s 
N 
0 
~ 

...... 
~ 
CO 
Ul 

, 

ISTS 

f--ft<~ 

: i ;- --' 
: I eM. : 
I l-_-I 
! ; ;.:.: 
I r H; ~ 
L _J_.-J 

GIS 
CEllS 

ADDITID'lAL CELLS 

'CO~' -NO
l

' rOl-' - - ,- - ~ .... 

, 

UY AIle VISIBLE 
flL TEA/ACfLECTOR 

ND f IL TEAS 
CAL GAS CEnS 

HAAR()oj BAND 
C~NNEl F Il TE RS 

GAS CORRELATIOH CElLS 

GIS CHANo.(~ 
DlT[(Ta.S/Cl 

Y VAtW! 
fIElD SToP \ 

---,~\ 
mCSCOPE I i 

\ iii fRCll IO£A HEATEA CDIITRlll 

~ ~ 

BE loll 
C0M6 '"E~ 

PATH 

NO ,GIS 

SOUl BEIoII 

'OOOR oPCN 

@,~~":'" 

CAlIBR~TI~ 
WHCEl 

I • ...... TOA 

C SENSOR 

TO IO£A 
POSITIOII 

.. 

1 
'"EATERS 

tOTER COItTROL 
oPTICAL 
AlIG/l.~NT 

~
.POSITIOII 

fROII PEA DIIIYER 
MD CCft'oMDS 

SlJISENSuR-
TEliSCoPE [FILTERS NO AND 

_8AH~PASS ON El fiNE OHlY T 
100"" .lTd 3"" 

I SUNSENSORS ANALOG 
Al COARSE 

ANALOG _\ El COARSE , 
EL FINE ~IGlTAL J 

SOLAR MS: 
oHEATE. 

F1IC»1 EL DIIIVE 

FROII GEA 
IOTER COIITROl 

'l'IIAlS 

ELCYATIOII 
.PIlTOR 
.POSITIOII SENSE 

COtWID -I 'UNCAGE (OIIE TIME) 

@AI Q!!lYf _I ~':f: 
IPOSITIOII SENSE 

CCHWW - OUNCAGE (ONE TIME) 

SUNSEHSDR 
ELECT~OHICS 
(SIGNAL 
PROCESSING) 

\t15v ,-15" 

FRC»1 PEA 
P()/ER 

TIUNI!<ITTCD JOOHz 

MDl RAOI(»1CTER 

COl 

HlO 

BOlC»1[TERS(4) 

PATH 

NARR()oj BAND ~ ft 

CH.l."CL FILTERS ___ I ~ 

SC IEHCE DATA 

CEKINED WAVE 
PL~ED At 
lESPONSE 
SIGHAi.S 

TO PEA 
AlGOAITIfI 

OTD CONNECTORS 
MD POWER DISTRIBlITIOII 

I ::: 
.. > 

§ ! l'l 
;i .. ~ i 
~ ~ i u 

FRC»1 GCJ/ 
+29.,-29. 

SCieNCE DATA 

.lWLlFIED 
PULSED At 

fll(Jl CAl \/HUL WAYE 

FII(JI CHOPPER 

CC»1HON 

RAO I (),(TER &AS CI1.'M[L 
PR[-.lWS (4) PRe All'S(~1 

.;~S',-lS'_ ~ +Ih,-IS. 

FRC»1 PEA 
POWE. 

RAOIC»1EltR 

SCIEII(E QA-A 

.lWLlflCD 
C()OBINED At 
WAVE 

.BOlC»1ETER +29.,-29 •• oDEHOOULATlOII 
oSYNCHRONllATJOII .- - - __ _ 

n~N~~~~~~~ 111& t GIS CHAHII{lS 
o CAl II)<ECl P<lSITIOH I -CHWSCJI.. 

SEPARAlIOI> AND 

tlt'<TA HANOlIN' oDEHOOULAlIOII 
• eAGe 

FRC»1 
o ANALOG IlllTIPLEX '---

I o ANALOG TO DIGITAl 
CONVERSION AGe COKTAOl 

_ _: _ _ _ _ _ _ CCft'oMD 

TEP9ERATURE COtrROL' HEATER COIITROL TO TELESCoPE 
• TEC +3 5. +h : • BlACKBOOY +e. SUNSE~SOR J.'tO 

, I 0 HEATERS +2e. ~ BlACKllOOY 

PEA-TD-IIISTRl.t1CNl tABLE I 
GI'IIAl ElECTRONICS ASSEMBLY (GlA) 

FRC»1 PEA 
POIlU ·8v. 
+zav 

Iii .. l ;; ~I~ ... ""...J, Q, ... w 0 

~ =2 ~ ,... 
u~ 

~ 

POilU SUPPLIES 
MD REGUUTlOll 

: PROCESSOR/MEPIlAY, 
, TlNING, 1/0 

+35" ,·)5., .+28" 0.28v ,I 
+15",-15.,,+10 ... ,"8.,. I· c~"ms AJCD 
+7.,>5.,+3 5. DISTRIBUTlOII 
----- - ---:,T£WtETRY 
PIlTOR OAIVCRS I DI.IIAl IllX 
• CAL WHUl I MO fOAAAT 
• El GI'<8Al .ALGOAIT~ FOR 
.AI GI'<8AL I POI""AQUIRE, 
• CHOPPCR I SOUl sr AN ,TRACK 

PLATFOIlM ELECTRO'ICS AS,EHBlY (PEA) 

I 

TElCMETRY OOWlf-L1N< 
SCIENCE DATA 

IN BIT STREIoII 

FRCM SUNSE~SORS AIID GI'llAl POSITIONS 

POWER SUPPLIES TO INSTRlOIENT 'PEA-TO- 08SERVATDIl1' 

LOCK SIGIULS CABLE 

'DATA INTERCONNECTIONS UTlIIE SHIELDEO LEADS TEI'''','lATED IN CON~ECTORS 
PO\oCR SUPPLIES AND TEMPERATURE HO'I1~RS UTLlIE OISTRIBUTlON BOAROS OR STRIPS 

UARS AND ICTS IMTERFACE 

PO~ER SoJPPLIES OPERATlNG,S1AND-1Y 
CLOCK TIMING SIGNAL, I 025!t1. 
CO/HANDS UP-LINK 
rELCNETRY OOWN-lINK 

AOOITIOllAl lETS CAPABILITIES 

TElEHETRY OECC»1IlJTATlOII 
DATA FORMATTING AND DISPLAY 
DATA PRINT ANO PLOT 
CCHiANO SElECTEO oPERATING H(l()( 
COO1'IANO SPECIAL TEST ROUTINES 

UARS INTEaFACE 'HO INSTRI,)IENT 
ELCCT~OHIC TCST SCT (JETS) 
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The optical beam is separated by the chopper into a rad10meter beam 

and the gas correlation beam. Beam splltters and filters further dlvide each 

of these beams into four channels. The signals from the four rad10meter 

channels are demodulated into a DC voltage (V) and telemetered using standard 

signal processing techniques. Each of the four gas correlation channels 

contains two paths. One of the paths contains a gas cell (Slgnal 1S V gas) 

the other path does not (Slgnal is V vac). The AGC loop operates ln the 

signal from the gas path to ach1eve an exact balance when viewlng the 

Exoatmospheric sun. Then, a unique signal processor measures the d1fference 

in outputs during an occultation event; the difference (~V signal) 1S 

correlatable to the gas properties in the atmosphere. 

A stepper-driven calibration wheel, Wh1Ch is located after the 

field stop on the recoll1mated beam, provides measurements of gas response 

and signal linearity using the exoatmospheric sun as an energy source. The 

ca11bration wheel contains eight gas-filled cells and three neutral density 

filters for these measurements. 

2.1.2 Command and Data Subsystem 

The HALOE instrument operates virtually autonomously once powered 

and initialized after launch. However, for each UARS 1800 yaw maneuver the 

HALOE instrument may require reinitialization (depends upon power-down of the 

1nstrument). Once commanded into the operate mode, the instrument performs a 

sun acquisit10n, balance, solar scan, calibrat10n, track, and stow sequence 

while concurrently generating the required science and eng1neering data. 

The instrument automatically alternates perform1ng a su~r1se or 

sunset sequence unless commanded otherwise. The capab1l1ty eX1sts to command 

instrument ln1tial1zat1on. Eight d1screte (bi-level) and slxteen 16-blt 

serial digital commands are used for 1nstrument 1nitializion and rout1ne 
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operation. The data system digitizes the SC1ence and engineering data 

(12-bit quantization) into a NRZ-L coded ser1al PCM telemetry stream of 4000 

bits/sec. Additionally, 24 analog housekeeping measurements and 8 d1screte 

(bi-level) status checks are provided to the spacecraft interface. The 

instrument requ1res a cont1nuous 1.024 MHz square wave clock signal for 

internal t1ming and telemetry synchron1zation. 

2.1.3 Power Subsystem 

The HALOE instrument will receive its primary +28V power from the 

UARS spacecraft. A DC/DC switching converter supplies all of the necessary 

voltages for the instrument. The power consumption is dependent on the 

particular 1nstrument mode. Between events, the instrument is 1n the standby 

mode w1th a nom1nal power consumption of 100 watts. When commanded to the 

operate mode, the consumption lncreases to a nominal 123 watts with a peak of 

163 watts during the 1nlt1al slew for sun acquisition. 

2.1.4 Pointer/Tracker Control Subsystem 

The HALOE 1nstrument is pointed by coarse sunsensors}a fine 

sunsensor) and stepper-motor dr1ven glmbals 1n a microprocessor-based, 

closed-loop, feedback control system. The Bi-axial Gimbal Assembly (BGA) 

conta1ns independently controlled azimuth and elevation gimbals. Acquisition 

and track1ng control slgnals for the gimbals are derived from the sunsensors. 

The coarse sunsensors are analog devices which can acquire the sun over a 

±5.75 degree on-aX1S by ±5 degree cross-axis field-of-v1ew. The azimuth 

coarse sunsensor is also used to track the azimuth radiometr1c centro1d of 

the solar disc during a data-taking event. The elevation-axls fine sunsensor 

1S a 256 element Ret1con llnear array detector WhlCh provides 16.2 arc second 

resolutlon in elevation angle. The elevatlon-aXls flne sunsensor, WhlCh has 

a 0.7 degree conical half-angle fleld of view, 1S used to control the 
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elevation gimbal during solar scans (from which the 11mb darkening curve 1S 

derived) and to lock the instrument instantaneous-field-of-view (IFOV) at a 

specified elevation position on the solar disc during calibrat10n and solar 

occultation. Sunsensor and gimbal position data are processed by the data 

handling electronics and downlinked in the science telemetry data stream. 

Revision B 9 September 20, 1985 



2.2 Spacecraft Electr1cal Interface and Ground Test Egu1pment 

The interface with the UARS spacecraft includes power, clock 

s1gnals, commands, and telemetry data. Formal interface documentat1on 

spec1f1es these funct10ns in deta1l; the test equipment described below 

simulates these functions for control and operat1on of the instrument. 

2.2.1 Instrument Electronics Test Set (lETS) 

The lETS simplif1ed block d1agram is shown in f1gure 2.2.1-1. The 

system 1S minicomputer based and has the capab1l1ty to emulate the spacecraft 

interface and monitor performance dur1ng subsystem, integrat1on, and system 

level tests. In add1tion, it has the capacity to store and retr1eve raw or 

reduced 1nstrument telemetry and performance data. It w1ll also perform 

instrument data reduction and performance evaluations. The lETS consists of 

the following major elements. 

A. Computer System 

The lETS contains a general purpose d1sk-based computer system to 

provide real-tlme, computer-controlled lnstrument operation and 

monitoring; instrument data acquisition, reductlon, and storage; 

and software development support. The test software is used for 

post-test data reduct1on, qU1ck-look analys1s, and performance 

ver1ficatlon. The computer system equlpment and software 1tems 

include: 

1. Minicomputer system wlth per1pherals to provide for software 
. 

development, real-t1me computer-controlled testing, and 

post-test1ng data analysis and performance ver1f1cation. 

2. HALOEjUARS interface to provide power to the instrument, to 

issue commands to the lnstrument, and to gather and mon1tor 
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Figure 2.2.1-1, The Instrument Electronics Test Set and Interconnectlons 
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2.2.2 

telemetry and test pOlnt signals from the instrument. ThlS 

interface circuitry slmulates UARS term1nation, drive, and 

isolation. 

3. Data recording and general purpose test equlpment. 

4. Software to perform the required computer functions. 

B. Spacecraft Emulation 

The lETS wlll electrically and functionally emulate the UARS 

spacecraft on WhlCh the lnstrument will be flown. This 

includes providing command signals to the instrument and 

receiving the telemetry data from the instrument in a manner 

conslstent wlth that of the spacecraft. 

Rad1atlon Stimulat10n Test Set (RSTS) 

The RSTS provides radiometric stimulatlon for the radiometer and 

gas correlatlon channels. The output beam collimat10n angle slmulates that 

of the sun at the entrance aperture of the HALOE telescope. The optical path 

within the RSTS 1S configured to permit the insertion of polarizers or gas 

cells with the cells inserted elther slngly or in pairs as means to evaluate 

or characterize the radiometric performance of the lnstrument. 

2.2.3 Gas Correlation Electron1cs Test Set (GCETS) 

The Gas Correlation Electronlcs Test Set (GCETS) provldes an 

lndependent measurement, monitor, or display access to the test points built 

lnto the GEA plus separate demodulation of V vac together with demodulatlons 
. 

of the V gas and R gas slgnals which the instrument does not provide. The 

GCETS lnterconnects wlth the two dedicated test connectors on the GEA by 

means of shlelded cables. The outputs from the GCETS provide shielded 

lnterconnections for an independent measurement, monitor, dlsplay or data 

acqulsltlon system that would be configured to meet the needs of a speclflc 
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test. Figure 2.2.3-1 shows the front panel of the GCETS Wh1Ch contains all 

of the interconnects. The unit is self-contained in an alum1num suitcase and 

therefor'e portable. The specific capabilities prov1ded are: 

A. Continuous independent access to the data signals which are the 

inputs to telemetry. The left side of the GCETS front panel 

presents all the test points from the GEA, the test points 

ldentified as "Demod out" include all of the DC signals Wh1Ch are 

multiplexed into the science data telemetry return. The princ1pal 

science data appear as the eight "V" and four 16V" channels 

(telemetered 8 per sec) supplemented by R, 6R and AGC (telemetered 

1 per sec). 

B. Signals not compatlble with telemetry. The test p01nts include the 

12 detector-generated AC response signals as they enter the GEA. 

In add,tion, the unfiltered outputs from the ~V (DV) and LjR (DR) 

demodulation switches are accessed; the DR slgnal 1S one of the 

inputs to the AGC control circuit. 

C. Chopper-generated demodulator switching signals. The 150Hz slgnals 

which drlve the switches in the synchronous demodulat1on for both 

the gas correlation and radiometer are presented for display or 

monltor (these slgnals are phased 90° apart). In addltlon, the 

300Hz for the reference blackbody is presented for dlsplay or 

mon11or. Access to these signals is primarlly 1ntended to 

establish or verify synchronlzatlon between the detector output 

signals and the operation of the sWltches. Adjustment for 

both the 150Hz and 300Hz must be performed using signals from the 

gas correlatlon channels. The 150Hz dr1ve for the radlometer 1S 

extracted from the 300Hz signal generated for the reference 

blackbody. 
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D. AGC on-off Switch (Right Section). The operation of the switch 

defeats the AGC. The lIoffll position of the switch grounds an lnput 

voltage to a multiplier microcircuit and, thereby, holds the output 

of the multiplier at unity. 

E. Independent Demodulation of Gas Correlation Channel Measurements. 

For each of the four gas correlation channels, the GCETS 

accomplishes a separate, independent, demodulation of the V vac, 

V gas and R gas signals by means of circuitry identlcal to the GEA. 

The demodulation of V vac replicate the instrument and is intended 

for reference. The V gas and R gas circuits provide a comparison 

and represent signals which are not available through telemetry. 

In operation, the GCETS can provide the input to any type of data system, 

measuring instrument or display unit. In general, phasing and alignments 

will employ oscilloscope displays; gain settings and balancing, employ 

meters; radiometric measurements, will require hlgh-rate dlgltal recording; 

and field-of-view measurements will utilize plotters. 
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2.3 Test Requirements Summary and Cross References 

The testing requirements for the HALOE instrument and supporting 

systems have been documented in the HALOE Test Requirements Document, 

HALOE-13-054. In general the performance llmits and tolerances reflect 

consideratlon for the science data while the environmental exposure levels 

generally reflect shuttle or spacecraft based considerations. The Integrated 

Test Plan responds directly to the test requlrements. Table 2.3-1 summarlzes 

the requlrements for test and provides a cross reference to the tests WhlCh 

respond to the particular requlrement. 

The test requlrements are identifled by paragraph and title ln the 

order presented ln the Test Requlrement Document. The cross references to 

this plan identifles the paragraph or paragraphs within the plan WhlCh 

describes the testing related to the requirement. In additlon, the cross 

reference identifles the assembly level within the instrument as component, 

subsystems, lntegratlon, or assembled instrument. The comments column 

ldentifles any pertinent consideratlons for the test relatlve to the 

requirements. In general, the descriptions ln this plan focus upon the 

generatlon of performance-related data. 
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TABLE 2.3-1. TEST REQUIREMENTS AND DESCRIPTION OF TESTS, CROSS REFERENCE 

DEFINITION OF TEST 
REQUIREMENTS HALOE-13-054 

Paragraph 

Component Tests 
3.2.1 

3.2.2 

3.2.3 
3.2.4 

3.2.5 
3.2 6 
3.2.7 
3.2 8 
3.2.9 
3.2.10 

Subassemblies 
3.3.1 

3.3.2 

3.3.3 
3.3.4 

3.3.5 
3 3.6 
3.3.7 

3.3.8 
3.3.9 

3.4 Subsystems 
3.4.1 

3.4.2 

3.4.3 
3.4.4 

T1tle 

Adapter 

Blackbody 

Chopper Bldde 
Detectors 

Electron1cs Boards 
Electronlcs P1ece Parts 
Gas Cells 
Motors 
Optlcal Components 
Thermal Control Surfaces 

Blackbody and Blackbody 
Temperature Controller 

Cal1brat10n Wheel 

Chopper 
Detectors, Pre-amps and TEC 
Contro 11 ers 
Gas Cells (mounted) 
Glmbal Motor, Motor Controller 
Heaters and Heater Controllers 

Telescope/Sunsensor Subassembly 
Thermal Subassembly 

BlaX1al Glmbal Assembly (BGA) 

ElectronlCs 

Opt1cS 
Sunsensor 

TEST PLAN DESCRIPTIONS 

Paragraphs Conf1guratlon 

4.7,6.7,6.9 Subsystem, Inst. 
Assembly 

3.3.7, 3.5 Component 

3.2.3, 3.2.4 Component 
3.3.3, 3.3.4, 3.3.5, Component 
3.3.6, 3.5 
4.2, 4.3 Subsystem 
3.2.1, 3.2.6, 3.2.7,3.5 Component 
3.3.2, 3.5 Component 
3.2.3, 3.2.5, 3.4.4, 3.5 - Component 
3.3.1, 3.5 
4.6, 6.7 

3.3.7 
3.2.5, 5.6 

3.2.4 
3.3.4, 3.3.6 
6.7 
3.5 
3.4.4 
4.2, 6.7 

4.6, 4.8 
4.6, 6.10 

3.4.4, 4.4, 4.5, 4.7 
5.10,6, all 

4.3, 3.5, 5.5, 5 II, 
6, all 
5.2 thru 5.9 1ncluslve 
3.4.1, 3.4.2, 3.4.3, 3.5 

Component 
Subsystem, Inst. 
Assembly 

Component 
Component, 
Integratlon 
Component 
Component, 
Inst. Assembly 

Component 
Subsystem 
Inst. Assembly 
Subsystem 
Subsystem 
lnst. Assemblles 

Component 
Subsystem, 
lnst. Assembly 
Subsystem, 
Inst. Assembly 
I ntegrat lOn 
Component 

( 

Conrnent 

Structural by Analyses 
Ground1ng 1S Inspect10n 

Performance Requlrements 

F11ters 
Thermal Vacuum Testlng 

Thermal Vacuum 

Thermal Vacuum 

Thermal Vaccum. Vibration 
Thermal Vacuum 
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TABLE 2 3-1. lEST REQUIREMENTS AND DESCRIPTION OF TESTS, CROSS REFERENCE (COHT'D) 

DEfINITION OF TEST 
REQUIREMENTS HALOE-13-0S4 

Paragraph 

3.5 Integrated 
3.5 1 
3.5.2 

3.5.3 

3.5.4 

Tltle 

Subsystems 
Broadband Radlometer Performance 
Gas-Fllter Correlation (GFC) 

~adlometer Performance 
Radlometrlc Performance and 

Characterlzat10n 

POlnter-Tracker Performance 

3.6 Instrument Level Acceptance Tests 

3.7 Instrument Level Interface and Envelope Tests 

3.8 Instrument Level Env1ronmental Tests 
3.8.1 Electromagnet1c Compat1b1l1ty 
3.8.2 Pressure Decay/Increase 

3.8.3 

3.8.4 
3.B.5 
3.8.6 

3.9 Ground 
3 9.1 
3.9.2 

3.9.3 

3.9.4 
3.9.5 

3.9.6 

Shock 

Shuttle Payload Dynam1cs Load 
Structural Loads 
Thermal and Thermal Vacuum 

Support Equ1pment (GSE) 
Contam1natlOn 
Instrument Electron1cs Test Set 

(lETS) 

Instrument Interface Slmulat10n 
Un1t (IISU) 

M1scellaneous GSE 
Portable-Rad1at1on Stlmulus Test 

Set (P-RSTS) 
Radlatlon Stimulus Test Set (RSTS) 

TEST PLAN DESCRIPTIONS 

Paragraphs Conflgurat1on 

5.2, 5.4, thru 5.9 1ncl. Integrat10n 

5.3, 5.4, thru 5.9 1ncl. Integrat10n 
5.7 to 5.9 Integrat10n 

4.4, 4.5 

5.2 thru 6.B 

Later 

6.3 

6.6 

AnalYS1s 6.5 
Analys;s 
6.7 

Separate Plan 
4.2, 4.3 
5.5 thru 5.11 1ncl. 
6.0, all 

Later 

Later 

5.6,5.7,5.9 
6.2, 6.8 

Inst. Assembly 

Subsystem 

Inst. Assembly 

Inst. Assembly 
Pressure Decay by 

Analysls 

Inst. Assembly 

Inst. Assembly 

Subsystem 
IntegratlOn 

lnst. Assembly 

Integra t lOn 
Inst. Assembly 

Corrrnent 

By Analysis 

lETS Tests 
Wlth Instrument 

Test w1th lETS and 
and Instrument 



2.4 Test Implementation and Control 

The organization of the HALOE Project (see flg~re 2.4-1) provldes a 

manager for testing who has responsibilities for the definition, 

coordination, and overall implementation of all tests required for flight 

acceptance and demonstration of performance. The general flow of test 

related events appears outlined in flgure 2.4-2. The considerations and 

support1ng functions are descr1bed below. 

2.4.1 Role of the Test1ng Manager 

The Test Manager has the overall responsibility for def1nition, 

coordination, and implementation of the HALOE test program. He 1S 

responsible for generating this Integrated Test Plan which descr1bes all 

tests for flight acceptance and demonstrations that performance requ1rements 

are met at all levels including components, subsystems, and system. He is 

responsible for identifying all test facilities and test equipment to perform 

these tests. He is responsible for implement1ng a system for effective 

coordination of the overall effort. He will rely on subsystem managers and 

personnel most famil1ar w1th the hardware to prepare test procedures and 

conduct the test, although he may perform these functions. He is responsible 
, 

for coordinating data 1nterpretatlon and documentation of results. He is 

also responsible for test plann1ng during 1nstrument refurbishment and UARS 

integrat1on. He 1S respons1ble for report1ng testing status to the HALOE 

Project Manager and recommend1ng plans of act10n where problems eX1st. He 

makes recommendat10ns to the ProJect Manager for assignment of key personnel 

for detailed test preparation, conduct1ng the test, and analyz1ng results. 

2.4.2 General Format for Description of Tests 

This test plan 1S a compilat10n of test ideas that have eX1sted 

since the HALOE program began. Testing is described in a format that allows 
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easy preparation of a detailed test procedure. In general, th1S plan 

outl1nes all major cons1derat1ons in the procedure. These are: 

A. ObJect1ve: A conC1se statement that addresses all test 

requ1rements. 

B. Test Fac1lities and Equ1pment: Major facilities and test 

equ1pment are identif1ed. 

C. Test Approach: A brief outline of how test 1S implemented. 

D. Test Procedure: A br1ef statement outlining the expected 

detail and formality contained in the procedure. 

E. Results: Expected data retained for documentat1on. 

2.4.3 Test Coordination Meeting 

The Test Coordinat1on Meet1ng will be called by the Testing Manager 

to init1ate deta1led preparat10n for a particular test. The agenda for the 

meeting appears as f1gure 2.4.3-1. As the agenda topics are discussed, all 

open 1ssues will be assigned to key test personnel and documented on the 

agenda forms and attached Act10n Item List. At th1S time, generally, the 

Test Conductor w1ll be assigned. The Test Conductor w1ll probably be the 

person most 1nt1mately involved w1th the test and the deta1led test 

procedure. The Test Conductor w1ll be responsible for preparing for and 

conducting the test and analyz1ng test data. The Testing Manager will 

ma1nta1n the Action Item L1st and follow-up on all open issues unt1l these 

are resolved. A one page summary of the test w1ll be prepared at the t1me of 

the Test Coord1nat1on Meeting by the Test Conductor. 

2.4.4 Role of Test Conductor 

A Test Conductor w1ll be assigned by the Project Manager for each 

test. The t1ming of the ass1gnment w1ll reflect the needs of the proJect and 

the degree of advanced preparat10n assoc1ated w1th the test. The Test 
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Conductor wlll be the slngle point of contact for all activltles, actions, 

plans, status, etc. related to a partlcular test. Speciflcally the Test 

Conductor will: 

1. Design a test setup for measuring critical parameters that 

can be related to the test requirements. 

2. Provide the necessary analyses of the test setup design and 

proposed test equlpment to assure the accuracies or 

precislons meet requirements. 

3. Write or direct the preparatlon of the test procedure. 

4. Direct all preparations for test lmplementatlon. 

5. Identlfy and obtaln the needed test equlpment. 

6. Coordlnate wlth the Testing Manager for the Test Readlness 

Review (See 2.4.6 Below). 

7. Conduct or dlrect actual test operation. 

8. Review the in-progress test results with Testing Manager 

and/or others as appropriate to decide upon the correctlve 

action in the event of test anomalles. 

9. Analyze the test measurements to ensure that objectives 

have been fulfilled and that the required performance from 

the instrument has been demonstrated. 

10. Prepare or direct the preparatlon of the test report. 

11. Identlfy and lead the test team. 

12. In concert with the ProJect Manager, deflne the work-shlft 

hours and notify personnel. 

Rev~sion B 24 September 20, 1985 



2.4.5 Test Control Documentation, Procedures 

All HALOE instrument testing wlll be controlled by procedures wlth 

the level of detail and degree of documentatlon balanced against the 

complexity of the test. Tests at the component level can use informal 

procedures; however, tests involving interacting components will require 

formal procedures documented ln accordance with Project requlrements for 

numbering, technical reviews and sign-off concurrence. Inter-dlsclplinary 

testing can require a hierarchy of multiple procedures to provide the ov~rall 

obJective. Figure 2.4.5-1 shows the cover page for a formal HALOE procedure. 

The content of the individual test procedures will include: 

A. Scope: A statement of the general content and context 

relative to the HALOE Project. This section also defines the 

configuration of the flight test article. 

B. Objectives: The speclfic objectives in terms of results to be 

obtained from measurements, demonstratlons, or exposures to 

environments (wlth a cross-reference to test requirements). 

C. Supportlng Documentation: A llsting of source or contrlbuting 

documents considered prerequisites to the test. 

D. Resources: A llstlng of manpower required ln terms of Skllls 

or discipl1nes. 

E. Test Equlpment and Configuration: A detail llsting of test 

equipment includln~ computer software, facllltles, and 

flxtures. 

F. Test Sequence, Description of Operations: A detailed step-by-step 

sequence to perform a test that accomplishes test obJectlves. ThlS 

wlll lnclude provlslons for slgn off by the Test Conductor and 

Quallty Assurance representative that the test was performed. 
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HALOE-

TEST PROCEDURE 

HALOE PROJECT 
TITLE 

DATE PREPARED 

PREPARED BY: 

TEST CONDUCTOR: 

CONCURRENCE SIGNATURES: 

SUBSYSTEM/COMPONENT 
MANAGER/ENGINEER 
(AS APPLICABLE) 

PRODUCT ASSURANCE 
MANAGER 

DATE 

DATE 

DATE 
SYSTEMS PERFORMANCE ENGINEER 

F. P. CROMMIE DATE 
SYSTEMS INTEGRATION ENGINEER 

DATE REVISED 

DATE 

DATE 

MECHANICAL SUBSYSTEM DATE 
MANAGER (AS APPLICABLE) 

OPTICS SUBSYSTEM DATE 
MANAGER (AS APPLICABLE) 

ELECTRONICS SUBSYSTEM DATE 
MANAGER (AS APPLICABLE) 

L. E. MAULDIN DATE 
TESTING MANAGER 

Flgure 2.4.5-1, Ccver Page for a HALOE Test Procedure 
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G. Safety and Hazards: A descriptlon of conditlons WhlCh present 

a hazard to test personnel and the measures employed to counter 

that hazard, (e.g., electrical shock, cold, heat, radlatlon, 

etc.). 

H. Data and Results: Data processing requirements necessary to 

convert raw data to performance data that can be related to 

specific test requirements. 

I. Success Criteria, Error Budget: A statem~nt of the test setup 

measurement accuracy. In cases where more than one measurement 

contributes to the final result, the accuracy of each 

contrlbutlng measurement will be glven and, an overall error 

assessment will be made. 

Each procedure will be prepared in a manner which most effectively 

accommodates the implementation of the specific test addressed. Procedures 

will include any necessary drawings, diagrams, flow charts, or data sheets 

considered pertinent to the test. Appendlces may be included WhlCh provlde 

supporting data as circuit diagrams, computer prlntouts, etc. 

2.4.6 Test Readiness Review 

Prior to the test, the Testing Manager, with concurrence of the 

Test Conductor, will hold a Test Readlness Review. ThlS reVlew, WhlCh wlll 

follow the same agenda as in figure 2.4.3-1, will be held when all lssues on 

the Action Item List have elther been closed or have a well deflned and 

timely plan for completion. If open issues remain, these wlll be assigned to 

key personnel on the Action Item List. A test procedure, which addresses all 

the test requirements discussed at the Test Coordlnatlon Meetlng, will be 

distributed by the Test Conductor prior to the Test Readlness Review. The 

Test Readiness Review will address the same items as the Test Coordlnation 
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Review but with a d1fferent emphasis. F1gure 2.4.6-1 shows the comparison 

for the agenda topics. 

2.4.7 Test Data Analys1s 

Raw test data w1ll be converted uS1ng appropriate analyses to a 

form that can be compared to the test requirements or part/subsystem/system 

specificat1on. The converted data will be given wlth an error band that 

1ncludes the accuraC1es and precis10ns 1n measuring the raw data and accuracy 

of the data inverS10n process. The data analysis w1ll draw conclusions as to 

whether each test requlrement/objective was realized and whether the test was 

adequate for this purpose. This wlll include a detailed analysis with 

conclusions drawn from each test anomaly. The data analysis will be 

performed in a tlmely manner to minimize the lag time from test complet1on to 

conclusions drawn. 

2.4.8 Test Reports 

The Test Conductor shall prepare, or direct the preparation of, 

Test Reports for each test. Figure 2.4.8-1 shows the cover page for a formal 

HALOE Test Report. Test Reports w1ll have HALOE documentat1on numbers and 

1nclude a cross reference to the Test Procedure. The object1ves of the Test 

Report are as follows: 

1. Summarize the test objectives and test procedures. 

2. Locate all of the data, lncluding test equipment calibration 

data, required for the data analysis in one locatlon and 

establish where that location 1S. 

3. Describe the test data obta1ned. 

4. Discuss a IIfirst look" analysis of the data. 

5. Describe any pend1ng data analys1s. 
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TEST PROCEDURE 
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DATA SYSTEM 
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WHAT IS STATUS? CONFIGURATION? IS It READY? CONFIGURATION IDENTIFIED 
WHAT IS NEEDED? IS IT READY? CItECKED OUT 
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HALOE-

TEST REPORT 

Ref. Procedure: 

HALOE-

HALOE PROJECT 
TITLE 

DATE PREPARED 

PREPARED BY: 

TEST CONDUCTOR: 

CONCURRENCE SIGNATURES: 

SUBSYSTEM/COMPONENT DATE 
MANAGER/ENGINEER 
(AS APPLICABLE) 

(OTHERS AS APPLICABLE) DATE 

(OTHERS AS APPLICABLE) DATE 

DATE 
SYSTEMS PERFORMANCE ENGINEER 

DATE REVISED 

DATE 

DATE 

MECHANICAL SUBSYSTEH DATE 
MANAGER (AS APPLICABLE) 

OPTICS SUBSYSTEM DATE 
MANAGER (AS APPLICABLE) 

ELECTRONICS SUBSYSTEM DATE 
MANAGER (AS APPLICABLE) 

L. E. MAULDIN 
TESTING MANAGER 

DATE 

Figure 2.4.8-1, Cover Page for a HALOE Test Report 
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6. Determine the current status of the instrument. 

Specifically, document any changes to the instrument as 

part of the test sequence or any changes to the instrument 

due to the results of the test. 

7. Conclude whether th~ test objectives were fulfilled or not. 

8. Document authorized tests or retests not performed 1n 

accordance with the approved procedures. 

,9. Identify articles removed or replaced during the test. 

10. Describe all nonconformances and failures which occur 

dur1ng the test. 

To meet these objectives, the Test Report shall e1ther conta1n or ident1fy 

the custodian and location of the following information as appl1cable. 

a. As-run test procedure 

b. Measured data, d1SC file 1dentif1cation, magnet1c tape 

identif1cation, strip chart recordings, plots, tables, 

etc., of the raw data for the instrument as appropriate 
•• and, if appropriate, for the test equipment. 

c. Calibration data and characterization data for test 

equipment whose output 1S required to 1nterpret/analyze 

the data 

d. Summary of the data analys1s technique 

e. Analyzed data 

f. Summary and 1nterpretation of the test results 

g. Status or articles and mater1als 

h. Evidence of inspect10n and tests performed 

Analyses and documentation of follow-up activities, such as post-test 

equipment calibrations and detailed data analysis, will be included 1n the 

test documentation as revisions to the test report. 
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2.5 Quality Assurance Support 

The testing of the HALOE instrument will receive support from the 

Quallty Assurance operation in accordance with the provisions defined by the 

Product Assurance Plan, HA-II-OOIC. The Quallty Assurance representative 

will have the general assignment of inspectlng all fllght-hardware and 

maintalning the documentation for all flight systems. The particular 

activitles of Quality Assurance personnel to support testlng will lnclude: 

A. Concurrences with Test Procedures: The designated representatlve 

from the quality organlzation will participate in the Test 

Readiness Review and provlde slgnature concurrence on all procedure 

documents. 

B. Test Witness and Data Verlflcation: A representatlve designated by 

the Quallty Assurance Organlzatlon will be present durlng tests 

involving fllght ltems. By slgnature (or approprlate notatlon) he 

will witness compliance with the procedure and verlfy the'data has 

been validly obtalned from the test configuration defined and 

approved for that test. 

C. Nonconformance and Failure Reports: The quallty assurance 

representative will be responsible for the documentatlon and 

close-out of actions resulting from anomalles, non-conformances, or 

failures. 

D. End Item Data Package: The Quality Assurance operation wi'l have 

the responslbllity for compiling and validating the data package 

which will accompany the lnstrument to show reaQlness for fllght. 
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3.0 COMPONENT TESTING 

3.1 General Considerations 

Component level testing for the HALOE instrument may be necessary 

for component screening, flight qualification, life evaluation, performance 

characteriza~ion, and/or performance verification. 

The descriptions of component testlng have been grouped as 

electronic, radiometrlc, and pOlnter-tracker. The two maJor instrument 

electronic subassemblies (GEA and PEA) and the lETS ground support equlpment 

operate as a combined system and are described later (see 4.2 and 4.3). The 

flow for electronic components is shown in figure 3.1-1, and the pertinent 

features of the testing are summarized in Table 3.1-1. The flow for the 

radiometric component tests are shown in flgure 3.1-2, and Table 3.1-2 

summarizes the pertinent features of the testing. The flow of testlng for 

the pointer-tracker subsystem is shown in figure 3.1-3 and Table 3.1-3 

summarizes the pertinent features of the testlng. Table 3.1-4 shows the 

planned approach to environmental verlfication testing. • 
•• 
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• QUALIFY 
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(3.2.3) 

• SPEED 
• CURRENT DRAH 
• TEMPERATURE 

CHOPPER 
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,~ 

~ CHOPPER 
OPERATIONS 
(3.2.4) 

• ALIGN, BALANCE, 
WOBBLE, REFLECTIVITY 

• BEAM CHARACTERISTIC 

TO 
INTEGRATION 

THERMISTORS 
(3.2.6) 

• CALI BRM ION 

I---~ TO ASSEMBLY 

MOTOR DRIVE 
CIRCUIT 

CAL WHEEL 
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DRIVE 
J3. 2. 51 
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• TORQUE 

TO 
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.~ 

PIN PULLERS 
(3.2.7) 

• PYRO SHOCK 
MEASUREMENTS 

SELECTION 
FOR HALOE 

Figure 3.1-1, Testing for Parts and Electrical Components 
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COMPONENT TESTS (3.4.2) 1 [ COf1PONENT TESTS (3.4.1) 

• PART SCREENING 
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~-----------~ 

• DEADBAND 
• MAX. TOROUE 
• MIN. VOLTAGE FOR 

240 STEPS 
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,I POINTER TRACKER 
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Flgure 3.1-3, Testlng for POlnter Tracker Components 
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TABLE 3.1-3. PERTINENT CONSIDERATIONS FOR POINTER-TRACKER COMPONENTS 

3.4.1 3.4.2 3.4.3 3.4.4 
Coarse Sunsensor Fine Sunsensor Sunsensor Prototype Gimbal 
Characterization Life Characterization Characterization 

e Two Axis Mount • Electronics • Two Axis Mount • Gimbal Mount 
• Small Clean Room Lab • Small Clean Room e Computer 
• Vibration Facility • Sun Control Drive 

System 

• Special Test • SpeCial Test • Special Test • SpeCial Test 

Electrical Signals • Operating life Electrical Characterization 
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Angle for • Angular Resp. • Torque Required 
• Illumination • Illumination • Torque Margin 
• Spectrum • Spectral Shift • Dead Band 
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TABLE 3.1-4. ENVIRONMENTAL REQUIREMENTS AND MEANS FOR COMPLIANCE 

Environment 
(Ref UARS Performance 
Assurance Document) 

Par. 

3.4.3 

3.4.4 

3.4.5 

3.4.6 

3.4.7 

3.4.8 

3.5 

3.5.4.5 

3.6.4.1 

3.6.4.2 

3.6.4.3 
3.6.4.4 

3.6.4.5 

3.6.4.6 

14.2 

Title 

Structural Loads 

Vlbroacoustics 

Random Vibratlon 

Acoustics 

Mechanlcal Shock 

(Pyro Shock) 

Life 

Pressure Profile 

Mass Properties 

Electromagnetic 
Compatlblllty 

Magnetlc Properties 

Therma 1 Vacuum 

Thermal Balance 

Temperature Humldity 

Contamlnatlon 

Leakage 

Space Radlation 
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Means for Compliance 

Analyses and Tests accordlng to Plan 

Tests on components and assembled 
instruments 

Analysls (anticipates random 
vibration envelope of acoustlC 
response) 

Test at instrument level to proto­
flight cond~tlons 

Multiple flrings of pyro items durlng 
lnstrument acceptance 

Qualification tests on non-fllght 
components or elements 

Analysls 

Measurements on assembled lnstrument 

Test of instrument 

Measurements from instrument 

Tests on lnstrument, subsystems, 
and components 

Testing on instrument 

The lnstrument will not be allowed 
ln an uncontrolled environment. 
Not-appllcable 

Analysls based upon measurement from 
environmental monitors 

Test of sealed items 

Analysis for sensitlve ltems 

September 20, 1985 



3.2 

3.2.1 

Electronlc and Electrlcal Elements 

Electronics Parts 

Electronic parts screening tests on the lndividual ltems and 

qualification of the production lot provides the basis for assurlng the 

integrity of the Instrument as an operating electrical unit. Microelectronlc 

items (e.g. operational amplifiers, RAM's, PROM's, processors, etc.) perform 

most of the electrical functions; therefore, the testing and controls for 

producing microelectronic parts are the principal consideration. The 

acceptance criteria for utllization of any part type is a prevl0us hlstory of 

successful performance in space flight. At the individual part level a 

series of inspections, measurements, and tests are performed. These data are 

reenforced by qualificatlon tests performed on a sister populatlon to 

conditions which will exceed any instrument operating conditl0n or 

environmental exposure. 

A. Test Objectives and Data 

Parts testlng satisfies two particular requirements. 

1. The indlvldual parts have been produced in a manner WhlCh 

will assure performance over the range and duration of the 

HALOE misslon. 

2. Traceablllty data is available to support evaluatlon, 

troubleshooting, or failure analysls. 

B. Equlpment and Facilltles 

The manufacturer or a speclal test laboratory provldes the 

partlcular test equipment and expertise necessary to perform the 

screening testlng and qualification testing. 

C. Test Contents 

Electronlc parts are tested to general military speclflcatl0ns for 

high reliablllty items. For mlcroelectronics, MIL-38510 defines 
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the general requirements and MIL-STO-883C describes the appllcable 

testing sequences and methods (e.g. levels and how applied). 

The HALOE Project achleved compliance with MIL-38510 by either 

procurement from completely tested lots or by appropriate 

supplemental testing of fllght parts WhlCh did not show a completed 

set of certlfled data. Testing for HALOE parts includes the 

following: 

1. Screening Tests. The general content of screening tests are 

shown summarized in Table 3.2.1.-1. These exposures stabllize 

the part or lndicate infant mortallty defects. The purpose of 

these tests is ~aintenance of the manufacturing process 

controls which assure the reliability of the delivered product. 

The limits on total failures in the production lot infer the 

rigorous process control of each step ln the manufacturlng 

process. 

2. Qualification Testing. Qualiflcatlon testing verlfles the 

lntegrity of the total parts manufacturlng process and, ln 

additlon, provides the assurance that the appropriate 

performance margins have been built lnto each item dellvered. 

Qualiflcation testlng lmplies productlon WhlCh can be modeled 

statlstcally. Test samples are from a "statistlcally 

signiflcant" population. In general, qualiflcatlon of a 

continuous productlon llne requlres periodic sampllng. The 

alternatlve approach takes a sample population from an 

indivldual (e.g. the same as intended for use) productlon lot. 

For HALOE, the parts used represent populatlons drawn from 

either quallfied lines or batches qualified for space 
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TABLE 3.2.1-1, Summary of Screening Test Requirements (Ref. MIL-STD-883C) 
For Class "5" Microelectronics 

TEST OR INSPECTION 

Wafer Lot Acceptance 

Nondestructive Bond 
Pull 

Internal (pre-seal) 
Visual 

Stabillzation Bake 

Temperature Cycling 

Acceleration 

External Visual 

Particle Impact 
Noise Detection 

Asslgn Serial 
Number for Part 

Inltlal Electrical 

Burn In 

LEVEL 

Dimensions and conditlons of 
metalizatl0n by SEM. 

Static load to 80 percent of 
ultimate required for wire 
size and material. 

Verify workmanshlp for the die, 
leads and internal cleanliness 
of the unit. 

24 hours at 150°C 

10 cycles, 30 minutes each 
from -65°C to +150°C. 

30,000g for 1 minute direction 
to 11ft die from case. 

Evidence of failure 

Vibrate at 20g peak 40 to 250Hz, 
acoustic monitor for particles 
ins1de case. 

8ase-llne electrical performance 

Operate 240 hours at 125°C min. 

PURPOSE, CO~lMENT 

Inspection on typical wafer(s) from a 
production lot, failure rejects all wafers. 

Verify lead bond integrity. 

Acceptance criteria detailed and illustrated 
in MIl-STD Procedure. 

Thermal relaxation stress relief. 

Thermal expansion effects, integrity. 

Lead and die attach integrity. 

Reject for broken leads, loss of lids, 
die-bond failures. 

Detect loose metallic material inside package 
less than 100% screen for mature process. 

Traceability requirement before electrlcal 
test1ng 

Da ta Reta i ned 

Electrtcal cond1tioning and "infant mortality" 
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TABLE 3.2.1-1, Summary of Screenlng Test Requirements (Ref. MIL-STO-883C) 
For Class IISII Microelectronics (concluded) 

TEST OR INSPECTION LEVEL PURPOSE, COMMENT 

, 

12. High Temperature 
Reverse Bias (Test 

72 hours at 150°C voltage 
lmpressed on junctions without 
electrlcal conductlon 

Junction integrity under electrlcal stress 
on ly for types 
consldered sensitive) 

13. Final (or lnterim) 
Electrical 

14. Seal Integrity 

15. Radlographic 

16. External Visual 

Final electrical performance 

Fine leak by helium tracer or 
radio isotope, pressure in, 
vacuum out. Gross leak by 
fluorocarbon penetratlon, 
dye penetration, or weight 
gain. Pressure in, vacuum out. 

View through the die and view 
parallel to plane of dle bond. 

Evidence of damage 

Data retained and compared to 10 above 

Assure Hermetic seal, technique used is 
IImost appropriate ll for case utllized. 
Test is performed after lead forming 
operations. 

Verify die location attachment and 
condltlon of internal leads. 

Verlfy final configuration including 
lead formlng. 

Acceptable loss rate for the entlre process 5% total, not more than 3% allowed to fall electrical tests 



application usage. The indlvldual tests and lnspectlons durlng 

part qualification can involve destructive analysis; thus, the 

testing is divided into groups and not all parts recelve all 

the steps in each group. Table 3.2.1-2 summarizes typical 

qualification steps and begins with a populat10n which has 

completed screen1ng. The numbers assigned to partial popula­

tlons will be representat1ve to the total sample subm1tted for 

test. Additlonal testing steps can be included (or 

substituted) in the sequence. In each case they would 

represent condlt10ns particular to the part conflgurat10n. 

3. HALOE sponsored supplemental testing. Parts, selected for 

HALOE application which could not show complete test data 

received supplemental testing; Table, 3.2.1-3 llsts those parts 

together with the tests performed. The HALOE appl1cation 

emphasizes operat1ng llfe and construct1on integrity, and 

thereby sets the crlteria for the supplemental test. The 160 

hour burn-in and 2000 hour life qual1flcation ellminate 

incipient failures and show long term stable operation. The 

destructive physical analysis assess the construction 1ntegr1ty 

1n terms of cleanllness, lead bonds and attachment of dies. 

The other add1tlonal tests also address structural 1ntegr1ty, 

in particular, freedom from loose particles (PIND, V1brat10n, 

X-Ray) 

D. Controls and Documentatlon 

The detalls for each standard test are descrlbed 1n 

MIL-STD-883. Each manufacturer (or laboratory) constructs an 

indivldual procedure for perform1ng the testing in compliance 

with the defined methods. 
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TABLE 3.2.1-2. Summary of Qualiflcation Testing for Mlcroclrcuits 

TEST OR INSPECTION 

Grcup A, Electrlcal Parameters 

Operate, Static, Dynamic, 
SWltchlng, Function all Units. 
Maxlmum allowable Failures-2 

Group B, Environmental 

Temperature Cycling (all) 
Acceleration (all) 

Seal (a 11) 

Electrlca1 Parameter (all) 

Steady State Life (partial) 

Solcerabl11ty (minlmum 3) 

Lead Bend Fatigue (partial) 

Solvent Resistance (partlal) 

LEVEL 

Inltlal operations at 25°C; 
second operation at max temp; 
third operation at min. temp. 

100 cycles, 30 minutes each 
30,OOOgfor1 minute direction 
to lift die 

Fine leak, hellum tracer, or 
radioactive; pressure in, 
vacuum out. Gross leak, 
fluorocarbon or dye penetrant; 
pressure in, vacuum out • 

Static operating at 25°C 
mln. temp.; max. temp. 

Operate 1000 hours at 125°C 

Dip leads into molten solder 
at 245°C for 5 seconds; 
Inspect for solder coatlng. 

3 bend-unbend cycles of 90 
degrees wlthln 15 seconds; 
Verlfy by seal tests. 

PURPOSE, COMMENT 

Show full operational capabillty 
of the part. 

Structural lntegrity 
Dle attach, integrity 

Case 1 ntegrity 

Electrlcal verification 

Life capability, repeat electrical post 
test 

Capabl11ty to withstand conditions during 
population of clrcuit board. 

Lead form, part attachment 

Population divided lnto 4 goups Identlflcatlon lntegrity 
each lrr~ersed in a solvent for 1 
mln.; brushed 10 strokes on masked 
area. Solvents are alcohols, 
trlchloroethene, freon/methene 
chlorlde and water/butyl celluso1ve/ 
monoethano1amlne. 
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TABLE 3.2.1-2, Summary of Qualification Testing for Microcircuits (concluded) 

TEST OR INSPECTION 

Delid For Internal Visual 
(partial) 

Bond Pull (as above all) 

Die Shear (as above all) 

LEVEL PURPOSE, COMMENT 

Inspect for evidence of damage Internal structural integrity 

Measure ultimate strength of Lead-bond integrity 
lead bonds to die 

Force equal to twice shear spec. Die bond integrity 
level or failure applied as a 
torque to the die. 

( 



TABLE 3.2.1-3 SUMMARY OF HALOE SPONSORED PARTS TESTING 

MICRO ELECTRONIC FUNCTION/ MFR SUPPLEMENTAL DPA ADDITIONAL TESTS QUAL I FY FOR 
:tl PARTS TYPE SCREEN (1) (2) LIFE (3) 
(l) 

<: 
A. Dlgltal LOglc f->. 

C/I 1 CD4001AK NOR Gate RCA yes PIND (4) f->. 
0 2 CD4008AK Adder RCA yes yes Monltored Vibratlon (4) 
;:J 3 CD4013BK NAND Gate RCA yes yes 
tIl 4 C04013BK Fll P Fl op RCA yes yes 

5 C04028AD Decoder RCA yes yes PIND 
6 C04029AK Counter RCA yes yes 
7 CD4029BD Counter RCA yes 
8 C04030AK OR Gate RCA yes yes 
9 C04035AK Shl ft Reg RCA yes 
10 C04040AD Counter RCA yes yes Monltored Vlbration 
11 CD4041AD Buffer RCA yes yes 
12 CD4042AD Latch RCA yes yes 
13 C04042BD Latch RCP. yes yes 
14 C04063BK Comparator RCA yes yes 
15 C04076BD ReglSter RCA yes yes 
16 CD4093BD Tn gger RCA yes yes Electrlcal Parameter 
17 C04515BD Decoder RCA yes yes PIND yes 
18 CDP1822D Memory RCA yes yes Monltored Vlbratl0n yes 
19 HMMP1802 Processor Hughes yes yes 

-Po 
(X) B. linear 

20 HA2-2700 Op Amp Harri s yes yes 
21 LF155AH Op Amp NSC yes 
22 LMI0aAH Op Amp AD yes 
23 OP07AJ Op Amp PMI yes yes 
24 A0534TH Multlpller AD yes yes PIND, Temp Cycle, X-Ray 
25 AD270IUD Vol t Ref AD yes yes PIND, Load Regulatlon yes 
26 LH1l9F Comparator AD yes yes 
27 SG1524J Regulator 511. Gen. yes yes 
27 SG1627J On vers 5il. Gen. yes yes yes 

C. Other 
28 A07543 O/A Cony AD yes yes 
29 DACIOOAC D/A Cony PMI yes yes yes 
30 DE303AL SWltch 51 hconlX yes yes 
31 OS0026 Clock Dnve NSC yes yes yes 

(/) 32 HI-1818A Hux Harns yes yes 
III 33 HI-1828A Hux Harrls yes yes PIND 
-c 34 MN5204 A/O Cony M. Net. yes HennltlClty M-
III 35 RL256G Dlode Array Retlcon yes yes 
3 36 Hybrld Drlver Re 1 ay On yer Teledyne yes CT 
III ., 

(1) Burn-ln 160 hrs at 125°C (3) Operate 2000 hrs at 125°C 
N (or Maxlmum Deflned Operatlng (or Maxlmum Deflned Operatlng 
0 Temperature) Temperature) ~ 

.-. (2) Destructlve Physlcal Analysls (4) Tests deslgned to detect loose ~ 
(X) a Delld and lnternal vlsual partlcles wlthln the case 
U1 b Bond Pull 



(' ( ( 

TABLE 3.2.1-3 SUMMARY OF HALOE SPONSORED PARTS TESTING (concluded) 
:t1 DISCRETE PARTS MFR SCREEN DPA ADDITIONAL LIFE QUAL CD 
< .... 
[/) 

D. Diodes ... 
0 

37 IN752 (JANTXV) ::s yes 
III 38 IN759 yes 

39 IN961 yes 
40 IN3600 yes 
41 IN4574 yes 
42 IN4983 yes 
43 IN5811 yes 
44 UTX225 Unitrode yes yes External Visual 

E. Transistors 
45 2N918 (JANTXV) yes 
46 2N2484 .. yes 

+:- 47 2N7851 TI yes ~ 

48 2N5005 TI yes 
49 2N5153 TI yes 
50 2N5672 Sol itron yes 
51 LM19484 N5C yes yes 

F. Resistors 
52 300144CIOKIOK Vishay yes yes 
53 300144CIOK20K Vishay yes yes 

VI 54 AR90-716 TRW yes yes yes 
ro 
"0 
rt G. Potentiometers ro 
3 55 1240P5K5 Vishay yes yes 0-
ro 56 1240X-5K-5 Vishay yes yes ..... 
N 57 Relays BR-20 Babcock yes 
0 
~ 

~ 
~ 
co 
U1 



E. Data and Results 

3.2.2 

Screening data delivered with the parts are retained 

for support of circult analysis or troubleshootlng. 

Quallflcation records are generally retained by the 

manufacturer. 

The results from testing address 126 electronic part types plus 23 

magnetlc ltems (transformers, cores, etc). 

1. Screening: The HALOE sponsored screenlng related tests are 

summanzed in Table 3.2.1-3 as burn-in, DPA and "ADDITIONAL." 

The remainder of the HALOE parts were obtained from lots 

screened to Military Specifications. 

2. Qualification Tests: Table 3.2.1-3 identifies the parts which 

received 2000 hours operating life test. The remainder of the 

inventory showed: 

a. Seventy-one electronic parts from Milltary Qualified Parts 

Li sts. 

b. Forty-three electronic parts from NASA preferred parts 

llStS (GSFC, JPL) showlng prevlOus hlstorles on proJects 

such as Nimbus and Landsat. 

c. Twenty-three magnetic part types procured from TRW 

certified suppliers. 

Electronic·Circult Board Testlng 

The testing of clrcuit boards for the HALOE Instrument represents a 

comblnation of component and subsystem level operatlons. The instrument 

electronic subsystem (GEA and PEA) and the ground support equlpment (lETS) 

have an interdependence WhlCh effectlvely requires all three unlts worklng 

together. GEA, PEA, and lETS subsystem tests are described in sectlons 4.2 
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and 4.3. Motor and blackbody tests requ1re replicas of flight c1rcuit boards 

for their operation and control. In such cases the circu1t board (or 

equivalent) is populated and functionally tested. These tests provide data 

which is used to either accept the configuration or define the necessary 

changes. Thus, the chopper motor, calibration wheel drive motor, gimbal 

drive motors, and the blackbody controller are tested with their respect1ve 

electronic boards. The gimbal drive motor is also tested with a prototype 

gimbal (Section 3.4.4). 

3.2.3 Chopper Motor and Drive Testing 

A. Objectives 

Objectives of the chopper motor/motor dr1ve tests are to ver1fy 

that: 

1. The motor-driver combination operates stably at the 

1ntended speed. 

2. The motor current telemetry monitor provides an input 
. 

signal compat1ble w1th the multiplexer. 

3. The operating temperatures for the motor are compatible 

with the antic1pated thermal environment in the 1nstrument. 

B. Test Fac1l1ty and Equ1pment 

The tests w1ll be performed 1n the electron1cs laboratory w1th 

power suppl1es, signal generators, osc1lloscope, and meters as 

required. The un1t tested w1ll 1nclude: 

1. A motor control circuit with clock and drive power 1nputs. 

2. A 24 pole, two-phase synchronous motor configured for 

operation with 250Hz pulsed 28 volt DC power. 
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C. Tests 

D. 

E. 

3.2.4 

A. 

The tests wlll include: 

1. Motor speed, motor temperature, and stabll1ty of motor 

speed over the operating temperature range. 

2. Motor current and temperature telemetry monltor accur~cy 

over the range of temperatures and voltages. 

Procedures 

These tests wlll be performed uSlng laboratory notebook records 

for definitlon and recording of results. 

Data for Record. 

Measurements of the motor speed, current, and temperature. 

Chopper Operating Characterlzation 

Objectives 

Objectives of the chopper subsystem (which lncludes the motor, 

drive electronlcs, and wheel) tests are: 

1. To align and balance the chopper wheel to the motor shaft. 

The allgnment data wlll define the angular wobble run-out 

of the reflected (radlometer) beam. 

2. To measure the waveshape for the transmitted beams (150, 

300Hz) and determine the harmonlc content. 

B. Test Facll1ty and Equlpment 

Chopper alignment and balancing will be performed at the 

optlcal coating subcontractor's facllity. The waveshape tests 

are performed in the HALOE clean room. The chopped beam will 

approximate the beam from the telescope and blackbody. The 

test setup conslsts of: 
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1. The chopper motors, wheel, and drlve systems. 

2. Balance rig which can detect unbalance to the 0.0001 oz.­

inch limit. 

3. Light source and detector for measuring wobble (angular 

displacement), and an IR source and detector to measure the 

transmitted wave. 

C. Test Sequence 

1. Alignment, Balance and Wobble. These operations proceed 

interactively. The alignment wlll center the motor shaft 

to the openings ln the chopper wheel to a 0.0001 lnch 

tolerance. The wheel will be aligned perpendicular to the 

axis of rotation (within the out-of-plane envelope of the 

wheel). Balance weights will be added until imbalance 

vibration is within 0.0001 oz.-inch. Wobble will be 

measured from each reflecting face. 

2. Transmltted Waveshape and Harmonlc Content. Beams WhlCh 

simulate inputs to the chopper from the telescope and 

internal blackbody wlll be used to measure transmitted 

waveshapes. The response from a photo-transistor detector 

wlll be recorded for each case and analyzed for harmonic 

content. A best-achievable symmetric wave wlll be obtained 

by careful metal removal at chopper openlngs (50-50 duty 

cycle). 

D. Test Procedure 

These test procedures and test results wlll be compiled in 

laboratory notebooks and laboratory reports from 

subcontractors. 
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E. Data for Record 

3.2.5 

A. 

1. Balance achleved. 

2. Wobble measurements. 

3. Harmonic content. 

Calibration Wheel, Motor and Drive 

Objectives 

The testing of the drlve system must show the capabllity to 

move the calibration wheel in 30 degree increments and return 

the wheel to the open Ilhome" position. Additional test 

objectives are: 

1. To verify software compatlbllity with step count and 

locatlon. 

2. To verlfy home position senslng. 

B. Facllltles and Equipment 

The testing will be performed in the electronics laboratory 

using lab signal generators, digital input slmulators, -­oscilloscopes, recorders, and motors as necessary. Test ltems 

lnclude: 

1. Motor drlve circult. 

2. Stepper motor. 

C. Test Operations 

The test measurements will include: 

1. Verlfication of count and stepping accuracy over the entlre 

range of movements. 

2. Verification of operatlon over the range of power supply 

voltage and circuit operating temperatures. 
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D. 

E. 

3.2.6 

A. 

Test Procedure 

These tests will be defined and results retained in laboratory 

notebooks. 

Data for Record 

Stepping accuracy as a function of temperature and voltage will 

be presented as average number of missteps per cycle. 

Thermistor Calibration 

Objective 

Verify the resistance-temperature characteristics for 

thermistors. 

B. Facilities and Equlpment 

These tests are performed in the callbratlon support laboratory 

with support from meters oscilloscopes, recorders, etc., as 

needed. The test installation includes: 

1. Temperature controlled 011 bath for thermistor lmmersion. 

2. Thermistors and resistance bridge circuit for temperature 

measurement. 

3. Recording of results. 

C. Test Procedure 

The thermistors are connected to their monltorlng ClrCUlts and 

immersed ln the 011 bath. The temperature of the 011 bath is 

adJusted In increments (nomlnal 20°F) to cover the range 0 to 

160°F. Reslstance measurements at equllibrlum temperatures are 

compared wlth manufacturers data to conflrm the temperature 

characteristlc for the reslstance. 

D. Procedures 

These data will be recorded in laboratory notebooks. 
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E. Data Retalned 

The resistance characterlstics by part serial number. 

3.2.7 Pln Pullers Evaluatlon 

A. Objectives 

Candldate Pin P~llers for application to the HALOE Instrument 

will be evaluated for: 

1. Function as operatlon and retention of resldual gases. 

2. Shock levels generated as transmission through a steel 

bar and responses measured on the dynamic model. 

B. Facllities and Equlpment 

C. 

The testing will be performed in the dynamics laboratory 

Building 1250, LaRC. Supportlng equipment will lnclude: 

1. Shock transmittal bar (Hopklnson) for pyro testlng. 

2. HALOE Dynamic Test Model 

3. Shock instrumentation, recordlng and analysis installation 

4. Pyro Devlces (6 Candldate Configurations) ... 
5. Mass Spectrometer 

Test Content Sequence 

1. Shock transmittal measurements wlll be performed uSlng 

the instrumented bar. Candidates wlll be ranked according 

measured shock levels and pin retractlon functlon. 

2. Dynamlc Model Tests. The candidates selected for further 

" 

to 

evaluation wlll be mounted on the Instrumented HALOE Dynamlc 

Model for measurement of transmltted shocks. Candidates will 

Revision B 

receive a further ranking for function and shock levels 

transmltted. 
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3. The candldate selected for appllcatlon wlll be flred under 

vacuum conditlons in a mass spectrometer to measure retentlon 

of gases. 

Final Selection will be based upon a review of all data. 

D. Procedures 

Testing will be performed according to a plan and procedures which 

comply with all safety regulations for pyro devices. 

E. Data Retained 

1. Shock Transmittal Records 

2. Gas Retention Measurements 

3. Evaluation and Selection Criteria 
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3.3 Radiometrlc Component Testlng 

3.3.1 Optical Fllter Testing 

A. ObJectives 

These tests measure spectral band-pass characteristics, out-of­

band characteristics, and change in spectral transmission with 

both temperature and time for the band-pass fllters. The 

neutral density filters will be measured for in-band spectral 

characteristics plus changes in transmisSlon as functlons of both 

temperature and tlme. Tests will: 

1. Define the transmlssion as a function of wavelength across 

the IR spectrum transmitted through the telescope. 

2. Make periodic measurements of the spectral In-band and 

out-of-band characteristlcs of the filters until the end of 

the fllght experiment to identify changes or trends. 

B. Facilities and Equipment 

The testlng will be accomplished with the Pourier Transform 
-~ Interferometer (FTIR, Nlcolet) facillty located in Buildlng 

1250, LaRC. In additlon to the FTIR, the testing wlll require 

filter holders and transport contalners. These ltems must 

accommodate a flight fllter mounted in the FTIR and must 

provide the capabillty for protectlng the cleanliness of the 

filter during transit. 

C. Test Content 

The lnitlal serles of tests will cover the entire populatlon of 

fllters and witness samples. Subsequent tests will be 

performed at intervals to determlne changes wlth time. These 

tests involve the installatlon of the filter (or wltness 
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sample) into the FTIR under condltlons of controlled 

cleanliness. The FTIR is programmed into the appropriate 

operating mode to perform the measurements. 

1. Narrow Band Spectral Filter, In-band. The relative 

transmission is measured across the operating wavelengths 

for each of the 8 channels. Spectral resolution to 0.1 

wave number, and transmission to 0.1 percent are measured. 

2. Narrow Band Spectral Filter, Out-of-band. The out-of-band 

transmission characteristics will be measured to the 

accuracy limits of the experimental set-up. Total leakage 

will be characterized to 10-5 of peak transmission in-band 

(0.001 Ns where s = 48000 K for the in-band region). 

3. Neutral density filters wideband. The relative 

trans~ission' is measured across the germanium transmission 

range for the instrument (5600 to 454 cm-1). Transmission 

over the range 5600 to 900 cm- 1 will have a resolution of 

0.1 wave number with transmission to 0.1 percent. 

4. Filters of both types will be selected for testlng at 

temperatures of approximately 40°F, 75°F and gO°F. 

D. Procedures 

These tests will be descrlbed and controlled by laboratory 

procedures for the measuring instrument. 

E. Data Generated as Laboratory Reports 

1. Science Channel narrow-band transmission fine structure. 

Revis~on B 
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3.3.2 

A. 

2. Science Channel fllter out-of-band transmltted energy. 

Measurement to support flight data analysis. 

3. Neutral density transmlsslon fine structure. Measurements 

to support flight data analysis and system level testing. 

4. Performance change wlth time. Perlodlc repeats of the 

tests on selected samples will be compared to identify 

changes ln transmissions and need for adjustments ln fllght 

data analysis. 

5. Performance changes with temperature. Measurements will 

identlfy spectral shifts or transmission levels as a function 

of temperature. 

Gas Cell Testlng 

ObjectlVes 

The gas cell tests provide the following data. 

1. Verlficatlon of the gas fill concentration. 

2. Measurements of i~ternal reflections and beam transmission 

effects for the cell windows. 

3. Monitor of change to the gas fill over the life of the 

experiment. 

B. Test Facillty and Equlpment 

These tests are run with the FTIR, lasers, and flll statlon 

located in BUllding 1250, LaRC. 

C. Test Content 

Tests wlll lnvolve both fllght unlts and witness samples 

maintained for long term stability measurements. 

1. Fill Veriflcation: All cells are measured for fill 

conditlons utllizlng interferometric technlques. One cell 

Revis~on B 60 September 20, 1985 



of each type (non-fllght) receives a temperature 

characterization to determine percent change per degree F. 

2. Transmission and Reflection Measurements: The transmisslon and 

reflection characteristics are measured by laser technlques. 

For the calibration cells, the reflection will be measured to 

within 5 percent. The transmission effects on the beam wlll be 

measured to 1 arc second for angle and 0.1 mm for lateral 

movement. The correlation cell will be measured for 

reflections and lateral displacements. 

3. Life Testing: A set of 18 gas correlation cells will be 

fabricated and subjected to a matrix of tests. Testing 

will include thermal exposures, thermal cycling, and vacuum 

exposures. Each cell will receive periodic measurement for 

flll stability and temperature sensitivity. Table 3.3.2-1 

lists the specific cells and tests. The monitor effort 

will continue throughout the life of the instrument. 

D. Procedure 

These tests will be performed in accordance with laboratory 

procedures developed for each specific instrument-measurement 

combination. 

E. Data Retained 

1. Gas cell fill measurements and temperature sensitlvity wlll 

be retalned for flight data lnverSlon. 

2. The transmission and reflection measurements wlll be 

retained to support flight data inversion. 

3. Beam effect data will be evaluated to develop lnstallatlon 

and allgnment criteria. 
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TABLE 3.3.2-1, SUMMARY OF GAS CELL TESTING· 

NO CH4 CH4 (BLOCK)a HCl HF 

Cell 
Ptlx Test Cell 

Ptlx Test Cell pt/X Test Cell pt/X Test Cell 
Ptlx 

SIN 
(b) (c) 

SiN 
(b) ec) 

SIN 
(b) (c) 

SIN 
(b) ee) 

SIN 
(b) 

20 0.1/0.1 A 11 0.8/1.0 E 10 0.2/0.5 E 10 0.1/0 .1 E 15 0.2/0.5 
B D D D 

C 

21 0.1/0.1 A X 12 0.8/1 .0 A 13 0.2/0.5 A 18 0.1/0.1 A X 16 0.2/0.5 
B D B C X 
C C X 

22 0.1/0.1 B 25 0.8/1.0 B 14 0.2/0.5 }\ 19 0.1/0.1 A 17 0.2/0.5 
0 B 

C D 

23 0.1/0.1 E 26 0.8/1.0 }\ 18 0.2/0.5 }\ 20 0.1/0.05 B 22 0.1/0.004 
D B B 

C X 

27 0.2/0.5 B 21 0.05/0.01 }\ 23 0.05/0.008 
B 
C 

---- --_ .. -

~These cells are used to remove CH4 lnterference from the HCl measurements. 
Nomlnal flll condltlons: Pt: TOtal pressure In cell, atm; X: Volume mlxlng ratlo, dlluent lS N2• 

cCode : A - Heat to 85°C for 400 hours 
B - Store under vacuum at room temperature 
C - 2000 temperature cycles between 37°C and 7°C 
D - Obtaln spectra wlth cell at several temperatures between -15°C and 50 0 e 
E - Store at room temperature and pressure 
X - Test complete as of 12/31/81 

*From NASA TM-84640 

Test 

ee) 
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D 

A X 
D 
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4. Fill stab1l1ty measurements w1ll be compared w1th 1n1t1al 

values to determine need for modification to flight data 

inversion. 

3.3.3 Radiometer Channel (Bolometer) Detector Testing 

A. Objectives 

The bolometer detectors for the radiometer channels will be 

character1zed and detectors will be selected for each channel. 

The characterization measurements will define: 

1. The flake resistance as a function of temperature and the 

thermal impedance of the flakes. 

2. The dynam1c thermal coupling of the flange to the flakes. 

3. Responsitivity ~alibration at the princ1pal wavelengths 1n 

the radiometer channels. 

4. The noise equivalent power for each bolometer. 

In addition, these tests will be selectively repeated to 

determine if there are any age effects (See. 3.3.5). 

B. Test Facility and Equipment 

These tests will be run on the detector test set fac1lity 

located in BU1ld1ng 1202, LaRC. The test set facility has the 

built-1n capab1lity to mount, power, 111um1nate, mon1tor, and 

control test operat1ons for the lnstrument bolometers and 

photovolta1c detectors. A small thermal chamber w1th a 

temperature controlled auxiliary plate will be used for 

resistance vs. temperature characterization. 

C. Test Sequence 

1. Flake Resistance and Thermal Impedance: These measurements 

are performed w1th the detectors mounted on an auxiliary 
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plate within a thermal chamber. The electrlcal resistance 

of each flake is measured directly as a function of temperature 

as the plate is allowed to decrease from a preselected value to 

O°C. The preselected temperatures will be 40, 30, 25 and 10°C. 

The thermal lmpedance data are obtained from flake current 

measurements at 29 volts bias wlth the current measurements as 

a function of decreaslng temperatures. 

2. Dynamlc temperature measurements were performed with the 

bolometer mounted in the test set wlth a thermistor attached to 

the mountlng flange. The resistances of the flakes and the 

thermistor are measured dynamically as the unit recelves a 

thermal input to ralse the assembly temperature 0.2°C per 

minute over a 15 mlnute time period. Start points are 0, 20, 

and 40°C (Test one lot only). 

3. Radiometrlc Callbration and Noise: The bolometer calibratlon 

is performed at 150Hz. The bolometers wlll be installed ln the 

test-set and llluminated at wavelengths of 2.913, 6.035, and 

9.5pm at temperatures of 0, 5, la, 25, and 30°C and blas 

voltages of 28, 29, and 30 volts. The calibratlon will relate 

llluminatlon lntenslty and reslstance of the active flakes over 

the matrix of conditlons. The initlal serles of measurements 

will be performed at 25°C and 29 volts. Selection for location 

will then permit completing the matrlx at only one illumination 

wavelength for each bolometer. The measurements wlll include 

current measurements under condltions of zero illuminatlon and 

output noise measurements from the preampllfler circuit. These 

data wlll be used to calculate the noise figure according to 

standard nOlse equatlons. 
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D. Procedures 

These tests will be performed in accordance with detalled test 

procedures. 

E. Data for Record 

3.3.4 

A. 

The following data will be provided as laboratory test reports. 

1. Flake electrical resistance and thermal impedance as a 

function of temperature. 

2. Dynamic thermal response as a functlon of initial 

temperature for the first set of bolometers. 

3. Selection of a bolometer for each channel by speciflc 

serial number. 

4. Response callbration curves for each channel selectlon. 

5. Noise figure by serial number. 

Measurements from subsequent testing will be compared wlth preVlOUS 

measurements to define long term stability, (See 3.3.5). 

Gas Channel (Photovoltaic) Detector Testing 

Objectives 

Measurements on the photovoltaic detectors wlll callbrate the 

response as a function of illumlnation at 150Hz, characterlze 

the power linearity and determlne the spatial uniformlty. The 

measurements will also characterlze the quantum efflclency and 

nOlse. 

B. Test Facility and Equipment 

These tests will be performed on the detector test set 

facility ln Building 1202, LaRC. For these tests the detector 

will have been permanently mounted in an evacuated dewar WhlCh 

contains a thermoelectric cooler (TEC) and the unit wlll 

functlon as a dedicated assembly for all test operatlons. 
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C. Test Sequence 

Characterization measurements for the InAs detectors wlll be 

performed at wavelengths of 2.404 and 3.398~m. Characterization of 

the HgCdTe detectors will be performed at a wavelength of 5.26pm. 

These tests will be performed with the TEC units stabilized at 

nominal operating temperatures of 2000K for InAs, and 1900K for 

HgCdTe. The callbration wlll measure the output voltage as a 

function of radiance power (includes zero power). Af~er detector 

channel selection, a supplemental characterization wlll be 

performed to include operation at temperatures other than nomlnal. 

D. Procedures 

Tests will be deflned and controlled by a detalled test procedure. 

E. Data Retalned for Record by Serial Number and Presented as a 

Laboratory Report 

1. Calibration of response as a function of illuminatlon for 

150Hz. 

2. Quantum efflciency, power linearity, spatial unlformlty, 

and noise. 

3. Degraded performance characteristlcs. 

3.3.5 Detector Llfe Evaluatlons 

A. Objectlve 

Provlde performance data from the bolometers and photovoltalc 

detectors on a periodic basls to determlne any changes with 

time. 

B. Facility 

Tests are performed ln the detector test set faclllty, Buildlng 

1202, LaRC. 
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C. Test Content 

Selected repeat of parameters measured during characterizat10n 

tests (see 3.3.3 and 3.3.4). 

D. Procedure 

Repeat of previous tests using established procedures 

E. Data for Record 

Measurements of response characteristics such as change ln 

flake resistance, change in voltage, inability to stabilize at 

temperatures, increase in noise, etc. 

These continuing data will be utilized to determine the need for 

new items before flight. Post-flight measurements w1ll support the 

interpretation of flight data. 

3.3.6 Thermoelectr1c Cooler (TEC) Heat Transfer Val1dation 

A. Objectives 

Verify the thermal conductivity-heat reject10n capability for 
. 

the thermoelectric cooler units over the range of temperature 

operating conditions within the instrument. 

B. Test Facility and Equ1pment 

This test 1S conducted with1n a laboratory bell-Jar vacuum 

chamber. Test equ1pment includes: 

1. A detector dewar assembly 1nclud1ng the thermoelectr1c cooler. 

2. A spare instrument mount. 

3. A heat exchanger, with temperature control by a 

recirculatlng 11qUld. 

4. Power suppl1es, regulators and monitor 1nstrumentatlon. 
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C. Test Operations 

The test assembly and heat exchanger are mounted in the vacuum 

bell-jar and brought to 1n1tial operating conditions (10-5 Torr, 

1.7°C). The TEC is energized and brought to the InAs operat1ng 

point (2000K) and then thermal equilibrium 1S mon1tored .. Thermal 

equilibrlum is established and measurements recorded for heat 

exchanger temperatures of 18°C (65°F), 26°C (80°F), and 32°C 

(gO°F). The capability to retain the 2000K temperature at the 

detector validates the heat transfer capability. 

D. Procedure 

The test is defined and controlled by a deta1led test procedure. 

E. Data for Record 

Laboratory results showlng TEC stable operation at all temperatures 

applied, up to gO°F. 

3.3.7 Blackbody Characterization and Life Test 

A. ObJectlves 

The blackbody test1ng w1ll provide data to determ1ne: 

1. The power requ1rements and regulatlon prec1sion for the 

controller c1rcuit. 

2. The capabil1ty to maintain the temperature constant within 

0.5°C over any 15 minute period. 

3. The capab1l1ty to control temperature w1th1n 1000 ±13.5°C 

for a per10d of 24 months. 

B. Facillties and Equipment 

These tests will be performed ln the vacuum chamber located in 

BU1ld1ng 1230. The test related equ1pment becomes: 
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1. Instrument blackbody unlts (both developmental and 

qualification units). 

2. Controllers (both laboratory type and the flight type). 

3. Radiometer detector. 

4. Measurement system for power, current thermistors, and 

temperatures. 

C. Test Content 

1. Blackbody Characterization Evaluations: These tests include a 

series of operations under vacuum conditlons which will measure 

the electrical and thermal parameters of the blackbody and 

temperature controller. The parameters measured include 

voltage applied, current drawn, thermistor response, and 

temperature of the blackbody. These measurements wlll 

characterize blackbody temperature drift and controller 

temperature sensitlvlty. 

2. Blackbody Stabillty: The blackbody will be operated steady­

state in vacuum for periods of more than 100 hours to identlfy 

and drift effects. 

3. Blackbody Life: A llfe test is run on the controller and a 

flight blackbody unit contained ln a vacuum chamber to show 

compliance with both the event stabillty and long term 

stability requirements. Continuous controlled operatlon 

for a minimum of 24 months will demonstrate the stablllty 

needed for flight. 
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D. Procedu re 

Test procedures and test data wlll be contained in laboratory 

notebooks for the initial tests. The Life Test wlll be deflned 

by a detalled test procedure. 

E. Data for Record 

1. Control parameter data for clrcuit evaluatlons. 

2. Stabillty evaluatlon of the blackbody assembly. 

3. Life te~t records. 
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3.4 POlnter-Tracker Component Level Testlng 

3.4.1 Coarse Sunsensor Characterization Tests 

A. Objectives 

Tests performed on the azimuth and elevation coarse sunsensor 

elements will: 

1. Characterize the voltage as a function of angle for both 

on-axis and cross-axis illumlnation. 

2. Measure the voltage sensitivlty to changes in temperature, 

intensity, wavelength, solar diameter and vibration. 

3. Establish the mechanical/electrical null offset. 

B. Test Facilities and Equipment 

The electrical and thermal testing will be performed in the 

small clean room laboratory, room 143, building 1202. The 

vibration testing will be performed in bUllding 1250. Test 

equipment includes: 

1. Coarse sunsensors, 4 units with flight type preampliflers 

2. Mountlng flxture for illumination 

3. Rotary table, 2 axis 

4. Solar slmulator (2.5 Kw) 

5. Thermal cycle unlt (Multicool) 

6. Laboratory computer wlth prlnter, plotter, and data 

acqulsltlon unit 

7. Vibratlon fixtures 

C. Test Content 

1. Detector outputs will be characterlzed as a functlon of 

angle referenced to the detector front surface and include 

mapping the response both on axis and off aX1S. The two 
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3.4.2 

null detector output voltages (A and B) together with the 

center detector voltages (C) wlll be recorded singly and in 

comblnations (eg.A, B, C, A-B and A-B) 
~ 

2. The measurements wlll be repeated using minus blue and minus 

blue/green ·filters to determine any wavelength effects. 

3. The measurements wlll be repeated for operation wlth a 

solar disc of 0.25 nominal diameters. 

4. The measurements wlll be repeated for operations at the 

extremes of orbital temperatures anticipated. 

5. The sunsensors will be subjected to 10 orbital thermal 

cycles and vlbrated to launch levels. Then, the 

characterlzation measurements will be repeated. 

D. Procedures 

The measurements wlll be defined by a special test procedure. 

E. Data Retained 

The measurements wlll be re\a\ned on computer dlSk for future 

reference. 

Elevatlon Fine Sunsensor Functlonal Life Test 

A. ObJectlve 

Verlfy a 2000 hour operatlng life capabillty for the elevatlon 

flne sunsensor. 

B. Test Faclllty and Equipment 

The tests are performed in the electronlcs laboratory. Test 

set up wlll include: 

1. Reticon units R6256G/RC301 diode arrays and current 

ampllfiers. A total of 5 will be tested wlth 3 drawn from 
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the flight lot (remainder from other lots selected for 
~ 

performance match). 

2. Laboratory support includes an oscilloscope, camera, and 

power supply. 

3. Sunsensor timing clrcuit board. 

The test set up will use ambient illumination and neutral 

denslty filters such that the diode operation is at approxlmately 75 percent 

of saturation. 

C. Test Control 

The tests will operate at a scanning rate of 256KHz. For 3 

units the scan will allow an 8ms integration perlod. For 2 

units the scan will allow a 1ms integration period. The output 

of each unit will be measured and recorded weekly for: 

1. Dark current (cover the reticons to complete darkness) 

2. Unsaturated output 

3. Unsaturated output (expanded scale) 

4. Saturated output (lift the filter) 

5. Saturated output (expanded scale) 

No element of any Retlcon may show more than a 25 percent 

change under any condition of illumination over the 2000 hour 

exposure. 

D. Procedure 

A special test procedure will control the operations 

E. Data Retained 

Oscilloscope records for each of the 5 cases compiled weekly 

for 2000 hours. 
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3.4.3 Sunsensor Characterization Tests 

A. Objectlves 

The sunsensor characterlzatlon testing wlll provide the comprehen-

sive set of data which defines the performance capabillty of the 

sensors and the associated electronics. The measurements will 

characterize on-axis and cross-axis outputs for coarse sunsensors 

and the elevation flne sunsensor. NOTE: Further sunsensor 

characterlzatlon tests are run after the sunsensor has been 

lntegrated to the pOlnter/tracker subsystem. See paragraph 4.4. 

B. Test Facllity and Equipment 

The tests are performed in the small clean room facilities 

located In buildlng 1202, LaRC. The test equipment consists 

of: 

1. The fllght sunsensor assembly with neutral density filter 

removed. 

2. The sunsensor electronics (non-flight~oards wlth clrcuit 
~-

traces and part populatlon the same as antlcipated for the 

fllght unlts). 

3. Two-axis rotary tables (deflned by drawlng, LD-818677). 

4. Laboratory equlpment 

(a) alignment telescope 

(b) computer (HP9836C) with plotter, printer and data 

acquisltion unit 

(c) Solar simulator (2.5Kw) 
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C. Test Content 

1. Azimuth Characterizatlon: Measure on-aX1S and cross-aX1S 

detector outputs as a function of angle referenced to the 

alignment cube. Detailed measurements will be performed 

near null and field-of-view cutoff. The axis of rotation 

will be about the center of the azimuth coarse sensor 

active element. 

2. Elevation Characterization: The same sequence of tests are 

performed on the coarse elevation detectors, wlth aX1S of 

rotatlon about the center of the elevation coarse sensor 

active area. 

3. Elevation Flne Sunsensor: Glmbal readings will be recorded 

at the toggling point of each element on the solar leading 

edge as the solar disc is scanned in elevation across the 

diode array. Rotation will be about the center of the flne 

sunsensor aperture. 

D. Procedure 

These tests will be defined and controlled by a speclal 

procedure (HA-06-040). 

E. Data for Record 

The results will be recorded on computer dlSC and conslst of 

voltage measurements from the sunsensor as functlons of angle. 

3.4.4 BGA Flight Motor Tests 

A. Objectives 

Fllght motors are mounted to the prototype BGA and tested to 

show: 
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1. Sufflclent torque margin at each drlve rate. 

2. The dead band at motlon reversals is within the limlts for 

the pointlng accuracy. 

3. The solar scan movements as required are performed. 

4. The mechanlcal steps perform as lntended. 

5. The voltage threshold for motlon of the glmbal. 

B. Equipment and Faclllty 

The followlng equipment wlll be used for this test: 

Prototype BGA 

HALOE Pointer-Tracker Data console 

HP 9845 Calculator 

HP 85 Calculator 

Collimator (UDT-1000) 

Torque meter (SL-CST 16-1) 

Load cell 

C. Test Content • 

1. Friction: The torque measurements are obtained by drlving 

each gimbal independently using the torque meter. The 

torque meter replaces the lndivldual gimbal drlve motor. 

The torque is contlnuously recorded as glmbals move ln both 

directlons. 

2. Motor Maximum Torque: The glmbal drive motor moves the 

gimbals agalnst an auxlllary load until stall. The stall 

torque dellvered by the motor is determined (independently 

by a torque meter) and compared with requirements. Tests 

are performed in both directions on both glmbals. 
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3. Dead Band: The angular mot1on and posit1oning of the 

gimbals are measured against the steps of the motor during 

motion reversals. Tests are performed on both glmbals in 

both directions over the range of gimbal travel. 

4. Scan Motion. The elevat10n gimbal 1S dr1ven with a 2 step 

command in one direction and with a 4 step command in the 

opposite direction. The angular movement of the gimbal 1S 

measured independently and compared with the motor sequence. 

5. Mechanical Stops: The gimbals will be driven 1nto the 

mechan1cal stops and the torque-at-stall measured. The 

effects of stop position (if any) will be evaluated. 

6. Minimum Voltage: The voltage applied to the drive motors 

will be increased from zero until motion begins. The 

voltage will be decreased from 28 volts unt11 mot10n stops. 

The torque conditions for both cases will be determined. 

D. Procedure 

Testing will be controlled by a special test procedure. 

E. Data Reta1ned for Record 

Computer records of all data will be retained. 
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3.5 ENVIRONMENTAL VERIFICATION TESTING 

3.5.1 Concepts and General Condltions For Verificatlon Testing 

The HALOE Instrument delivered for lntegratlon into the UARS 

wlll comply wlth the GSFC deflned requirements for envlronmental testlng 

of Protoflight ltems. Table 3.1-4 outlines the overall approach to 

environmental veriflcation. In addition, to satlsfy LaRC concerns for 

Mlsslon Assurance, those components or subassemblies consldered crltlcal 

to the generation of science data wlll recelve addltional environmental 

testlng to the extent that the exposures may be considered an 

lndependent veriflcatlon. 

The environmental veriflcatlon testing as quallflcation and 

acceptance of components wlll lmpose those conditlons considered most 

critical to the successful operation of the lnstrument. The 

envlronments of partlcular concern are the launch vibratlon, the shocks 

transmltted from the spacecraft, the shocks generated internally from 

pyro~ctuated devices, and the long term thermal/vacuum related effects 

of orbltal operations. The levels of excitation and duratlon of 

exposures will be derlved from the general interface speclflcatlons with 

particular levels (or duratlons) for each component adJusted to lnclude 

localized effects such as structural resonances. To the maximum extent 

practical, the HALOE instrument was developed from components showlng 

successful prevlous flight hlstorles ln long duration space mlSSlons. 

In general, such mlssions were launched from expendable boosters and, 

experienced harsher dynamlc environments than those WhlCh occur ln the 

payload bay of the shuttle. In each case, the selection of the ltem 

reflected a careful reVlew of HALOE fllght condltions weighed agalnst 

the proven capability of the ltem to perform. Whlle the change in 
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project responsibillty may have truncated the historlcal documentatlon 

available, the validity of the original selection has not been altered 

and such items are considered validated by similarity. 

For reference, the environmental validation for the HALOE 

instrument is presented as Table 3.5.1-1 using the matrlx format 

suggested by the GSFC. The valldation identifies all of the 

assemblies beginning with the instrument and contlnuing as components, 

assemblies, elements, etc. The valldatlon of electronic parts and 

microelectronlcs (includlng large die items such as the flne sunsensor 

detector and RAM units) are included by reference to the earller tables 

WhlCh addressed their particular and pertinent environmental testing 

conditions. The listing of validation environments includes the 

contents of Table 3.1-4 to indicate the details of application. The 

following paragraphs describe the test related considerations for each 

of those environments. 

3.5.2 Structural Loads 

The HALOE structural loads verlficatlon is being accompllshed 

as described ln the HALOE Structural Loads Verificatlon Plan 
1~1 

(HALOE-12-~). Analysls augmented by degrees of structural load 

testlng together with the results from vlbration model tests are being 

utilized to satlsfy the structural requlrements deflned by the UARS PARD 

(430-1702-001) and the GIIS (430-1601-003). 

3.5.3 Random Vlbratlon Testing 

The HALOE instrument and all of the fllght components wlll 

experience random vlbratlon as a validation environment. Table 3.5.3-1 

presents a summary of the random vibratlon testing for the lnstrument 

and the flight components. The llsting of components lncludes the test 
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TABLE 3.5.1-1, ENVIRONMENTAL VERIFICATION SUMMARY FOR HALOE 

ITEI1 

VEfllflCATION -:; ~ 
ENVIRONMENTS ~ ~ 

--' ... ... 
.Q 

u 
o 

.J:: 
Vl 

QUAL! fiCA Tl ON ACCEPTANCE 

cu c 
.... 0 

I 
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------4-------,-1-----
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22 BearIngs A S A H HiS N S N N IN N H H N N H H H NIH N H N 
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24 Gas CorrelatIon Cells A T A H HIT N T T XIA N N HAN HHT-NTT-T-T-X 
I 

lS CalIbratIon Cells A T A H H IT N T T X IA N N HAN H H T NIT T T X 
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2_7 __ T_e~es':'0Jl_e_______ A H~ _A H H: H* H* H N X: A H H H A ~ H _~~ _H I H _N_ H N 
PYRO DEV ICES I I I 
21:1. GImbal PI n Pull er A S A H TIS H S TN, A H H HAN H H H H: H T H N 
29 Doorpln~~l~_e_r _____ tA T A H __ T_IT __ H_~_~N_'~! __ ~ HAN L_~ __ !!.-__ Hl_H __ T_H ~ 

I' , ELeCTRONIC PARTS 
30 MIcroelectronIcs etc 

(See 3 2 I) 

VERifiCATION CODES 

A, AnalytIcal VerIfIcatIon 

T N N H H'T T T T N IA H H H N N 
I 

H H H H' T T T N 
I 

S, SImIlarIty as HIstorIC Data or QualIfIed Source 
H, Tested as Part of HALOE Instrument T, Tests on IndIvidual Components or Elements 
N, Not Exposed or Inert to thIs EnVIronment X, Test Method Developed for HALOE Items 

* Supplemented by Other Tests or ActIons, See Text 
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TABLE 3 5.3-1 RANDOM VIBRATION VERIFICATION SUMMARY FOR HftLOE 

TEST ITEH 

1. Instrument Assembly 
COMPONENT ASSEMBLIES 
~ flEA 

3. GEA 
4. Sunsensor 

QUAL 
TEST 
CODE 

T 

T 

T 

H* 

QUALIFICATION INPUT LEVELS 

OPTCL 
x gnns 

3 92 

12 1 
4.23 
3 431 

ELVTN AZHTH 
y gnns Z gnns 

3 92 

12 1 
8 62 
9.275 

392 

FLIGHT 
MARGIN 

1.4 

FAT INPUT LEVELS 

OPTCL ELVTN AZMTH 
x gnns y gnns z gnns 

2.80 

2.415 
2 45 

2.80 

4.927 
6.625 

2.80 

2.62 
3.28 

DEFINED TEST LEVELS 

GIIS Defined 

GIIS Def ·z· Perp Panel 

7 O. 862. 7 ° For Qual. 
7.26. 7 23. 7.28 

COIt1ENTS 

FAT During Refurbishment 

Test During Refurbishment 

5..:..!redmp~e~ __ _ 
6. Sunsensor Electronics 

T r 3 30~ 9.60 
H 3 431 9 275 

16 94 
4 59 
4 596 
8 20 

4.596 
5 041 
6 707 

1 4 

1. 75 

1.4 
1.75 

1.4 
1 4 
1.4 

1-1,:!86_1..2 479 t- 4.66_12-° • ...!..6 • .-! 2 __ 
2.45 6.625 3.28 

Test During Refurb1shment 
Structural Test with Telescope 

Qual~n«!.2e!!!i~i9 ~aL __ 
Instrument Assembly Tests 

7. Power Distribut10n Assy. 
8. Gimbal Assembly 
ELECTRICALLY OPERATING 
9. Blackbody 

10 InAs Detectors 
11 HgCdTe Detectors 
12 Bolometer Detectors 
13. Coarse Sunsensor Oetctr. 
14. Chopper 'lator 
15 Cal-Wheel Motor 
16. G1mbal Motors 
17. G1mbal Potent1oweters 
18. Thermistors 
19. Hea ters 
20 Thennostats 
MECHANICAL OR OPTICAL 
21 HarT-onic Dr1ves 
22. 8earln9s 

H 5 385 8 977 
H 

T 
T 

T 

T 
S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

16 78 

3 69 
6.73 

7 96 

8 62 
11 22 

4 59 
8.57 

3 ~1 1-9125 +-4..2.96_ 
2 95 6 898 3 668 
3 341 

16 78 

16 78 

16 78 

9 275 

7 96 

9 275 

7 96 

4 596 
6 707 

6 707 

6 707 

23 Cable Wnps s"" r " 
24 Gas Correl;tlo;;-Cells - T - 673 - 1122 857 -

25 CalIbratIon Cells T 4 29 Il 59 5 74 
26 OptIcal FIlters H 5 385 9 275 I 6 525 

1.75 
1. 75 
1. 75 

1.75 

3 84 
11.98 

2.10 
3 846 

----1. 4 _ I- 2.45 -i 
1 4 
1.4 
1.4 
1 4 
1 4 

1 4 
1 4 

1 4 
1 4 

-.14_ 
1 75 
1 75 
1 4 

2 10 
2.45 

11 98 

11.98 

11 98 

6.412 
5 68 

4.927 
6 41 

3 60 
4.79 

2.62 
4.66 

6 625 I 3 28 
4 927 2.62 
6.625 3 28 
5.68 4.79 

6.625 4.79 

5 68 I 4.79 

6 41 4 66 
6 625 3 28 
6 625 4.66 

1 4 

3.85 
2 45 

3.85 
2 45 27 Telesco~e H. 3 43 9 275 I 4 596 _ _ 

r--1--
6 625 3 28 

7.0 min Each AX1s 
16 Qual 12 FAT. 3 Axes 

Mounting Bracket Response Def. 
Axially SymmetrIc y = z 

12 FAT. 3 Axps ~" • • 
~J!d.A~. ~9.!..l Axes TDRS~u~ a~ Stabl~!y~a~ 
207 Qual. 12 FAT. 3 Axes Centaur Qualification 

20 Qual Qualified Parts List Item 
QPL Item. Many Locations 

20.7 Qual. 12 FAT. 3 Axes I Centaur Quallfication 

7. 11 22. 11 22. min Qual~ Cons1der as Symmetric. y = z 
7 11 59. 11 59. mIn Qual 

7 26. 7 24. 7 28 

Instrument Assembly Tests 
Structural Test with Sunsensor 

PY~O DEVICES - - --- -- I ~ 
28. Gll1'bal ?In Puller S 16 78 7 % I 6 707 I 1 4 11 98 568 4 79 35 Qual V1k1ng PrOJect Item 
29 Coor illn ?'Jller I T I 4 28 11 5~ I :; 74 I 1 75 245 6625 3 28 II 59 Qual 7 0 FAT I New Item I 

tlOH All tiALOE VIbration Tests Are 60 Sec /AxIS 



code shown in the val1dat1on matrix. The test levels def1ne the 

qual1f1cat1on and FAT 1nput levels 1n terms of each 1nd1v1dual axis; 

w1th the exception of the PEA, the axes relate to the 1nstrument 

assembly. The levels defined for the items mounted 1n the instrument 

are based upon measurements obtained from the dynamic test model and are 

appl1ed to the mounting brackets which actually hold or retain the item 

(e.g., the mainframe 1nterface). The fl1ght margin 1S the ratio between 

the qualif1cat1on 1nput levels and the FAT levels. Testing for 

components on the instrument w1ll use a spectrum also based upon 

measurements from the dynam1c test model. (F1gure 3.5.3-1 111ustrates 

and compares the random vibration spectrum conditions which apply to the 

1nstrument and component assemblies). The column llsted as IIDefined 

Test Levels ll presents particular test data such as: the results from 

prev10us tests; the test levels defined in current procurement 

specifications; and h1stor1cal data from previous appl1cat1ons. The 

IIcommentsli column e1ther 1dent1fies the source for the level or presents 

a pert1nent considerat1on for the 1tem. The table 1dentifies five cases 

for random v1bration valldat10n of the HALOE instrument and its 

components. 

A. Validat10n to Levels def1ned by GIIS Documentatlon: The 

assembled 1nstrument (w1thout the GEA) and the PEA un1t will 

be tested to levels def1ned by lnterface documentatlon. The 

instrument w1thout the GEA 1n place w1ll have an in1tial 

exposure to qual1ficat1on (protofl1ght) levels as part of the 

env1ronmental test sequence. The instrument w1th the GEA in 

place will receive a FAT level test as part of the refurbish­

ment cycle. The PEA as an independently mounted unlt will 

receive vibratlon to the qualiflcatlon (protofllght) levels 
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Figure 3.5.3-1, Summary of HALOE Random Vibration Environments 
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def1ned for such a unit. The potential for circu1t changes 

w1ll eX1st throughout the integration and environmental test 

sequence, therefore, the vibration test for qualificat10n will 

occur during the refurbishment cycle for the instrument (e.g., 

all parts and devices with flight mountings, circuit boards 

have been conformally coated). 

B. Components with independent validations: Component items 

which are subject to change-out at refurbishment or where the 

flight units are selected from a lot w1ll rece1ve v1bration 

val1dation as separate items. The items are 1dent1fied as "T" 

for qualification; and they include the GEA, the blackbody, 

the IR detectors, the gas cells, preamplifiers and one of the 

pyro devices. These 1tems will be subjected to the higher 

margins for qual1fication levels and receive a m1nimum of 7.0 

grms in any aX1S. For such items the test must address the 

dynam1c responses of the mount1ng brackets. The lndlvldual 

tests will measure the response at the component; lf the 

mountlng structure does not brlng the levels at the component 

to 7.0 grms, then the lnput wlll be adJusted upward to impose 

such a level. For lot-procured components such as the IR 

detectors and pin pullers, the qualification levels will apply 

to one unit, all other unlts ln the lot wlll recelve fllght 

acceptance to 7.0 grms in each aX1S. One-of-a-klnd components 

such as the GEA wlll recelve qualification level testlng as 

individual items and experlence FAT as part of the refurbished 

lnstrument assembly. The preampllfier 1S a partlcular case, 

one un1t w1ll be quallflcat10n tested to show stabll1ty for 
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the potentiometer settings as well as component lntegrlty, the 

remainder of the flight units will be tested as part of the 

instrument assembly durlng both of the instrument vlbratlon 

tests. 

C. Historical Data: 

Component items with a previous history of successful long 

term flight operations in space or items from quallfled serles 

product lines (QPL) will cite simllarity. The origlnal 

selectlon of these items addressed such crlterla, and the 

design has not been altered. Such items will rece1ve random 

vibration as part of the instrument for both 1nstrument 

qualification and instrument FAT. 

D. Supplemental Tests To Support Validation: 

Three cases of vibratlon testing for other purposes will 

contribute to validation. The evaluation of boresight 

stability involved a 3 axis random vibration of the 

mainframe-telescope-sunsensor subassembly. The force input 

was at the elevat10n-gimbal attachment to the ma1nframe w1th 

the control accelerometer on the telescope close to the root 

f1tting. The levels selected were based upon analytlcal 

prediction. The assembly of optical elements was unaffected 

by that environment. The coarse sunsensor detectors rece1ved 

a "settle 1n" v1bration at 7.09 grms without caus1ng any Sh1ft 

in performance. 

E. Components Validated as Part of the Instrument Assembly: 

Revis~on B 

A total of 8 items were 1ntended for quallflcatlon and 

acceptance as part of the 1nstrument assembly, results from 
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add1t1onal test1ng appl1es to four of the items. The remaining 

four represent small rugged units and the gimbal assembly 

itself. The sunsensor electron1cs, power distribut10n 

assembly, and the opt1cal f1lters are character1zed by small­

size, rugged construct1on and simple mountings. They are 

adequately tested as part of the instrument. The glmbal 

assembly requ1res the opt1cal head assembly attached 1n order 

to experience a valid test. Therefore, the instrument 

assembly testing for qualif1cation (protoflight) and acceptance 

will also validate the gimbal assembly. 

3.5.4 Acoustics 

The analyses for dynam1c responses to the acoustlC enV1ronment 

w1ll use the measurements from the dynamic model. If any of the 

analyses pred1ct a response Wh1Ch exceeds the random vlbrat10n 

envlronment, then that ltem wlll become a candldate for a random 

vlbration test to levels Wh1Ch include both with the random vlbrat10n 

and acoustic exc1tation responses. 

3.5.5 Mechanical Shock 

The mechan1cal shock environment will be applied to the 

1nstrument as part of the 1nlt1al environmental testlng, and 1S 1ntended 

to val1date the ent1re assembly. The PEA and GEA will be shock tested 

as components at the t1me they move through the random v1brat1on 

environment (shock tests are performed on the same electrodynam1c 

shaker). The qualificat10n units for the gas channel detectors w1ll 

also receive mechanical shock at the same t1me they move through the 

random vibrat10n environment. 
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3.5.6 Pyro Shock 

The pyroshock enVlronment will be applled to the instrument 

assembly by actual firing of live items. A minimum of 3 flring 

sequences will occur, (e.g. all 3 pyro locations expended at each 

sequence) during the initial environmental testing. A mlnimum of two 

firing sequences wlll occur as part of the refurbishment testing. 

3.5.7 Thermal/Vacuum and Thermal Cycle 

The validation for operation under thermal vacuum condltlons 

involves the operations of the assembled enVlronment plus supplemental 

testing of subassemblles components and clrcuit boards. The lnstrument 

wlll be exposed to a qualification exposure as part of the lnitial 

envlronmental testing and to an acceptance exposure as part of the 

refurbishment sequence. These tests will show the operating temperature 

margins and continue for the required operating periods; conditlons are 

summarized in Table 3.5.7-1. Supplemental testing of subassemblies wlll 

be performed. The gimbal assembly wlll have a prelimlnary evaluatlon 

for operatlon WhlCh lncludes the motors, bearlngs, harmonic drlves, 

cable wraps, potentlometers, heaters and thermostats. The optlcal head 

wlll experience the boresight stablllty exposure (descrlbed later, see 

4.6) Component Quallflcatlon for the thermal vacuum enVlronment wlll be 

performed on the HgCdTe and InAs detectors wlth temperature llmlts to 

show the margins requlred. 

Acceptance testing to thermal and/or vacuum condltions wlll be 

performed for all detector units. Environments include extended vacuum 

bakes, power conditioning cycles, and settle-in thermal cycles. In 

particular the bolometers received 600 hours of power conditloning wlth 

5 cycles of 2 hours dwells at 66°C and -23°C. 

Revision B 87 September 20, 1935 



120 

100 
I-

80 

1J... 
0 r--

I .. 
<1J s... 

I-
60 :::s 

-r-> 
tt:J 
s... co <1J co 0. 
E 
<1J 
l-. 
Ol 

~ L-
40 > 

~ 

20 

o _I I .L 

2 

Thermal Cycle Tests 
,., 

r; II II 

~ '- '- .... 

I 
I 
I 

r---, 
I , 

- , -

Thermal Balance Tests 

- Mainframe 

- --- PEA 

rv- Cold Soak 
I I 
I I 
I J 

...l ~ 

.i! I 
.i 

~ - -
4 6 J. __ 

Days in Vacuum 

I 

;! 
to 
r­
lTl 

w . 
U'1 . 
...... , ..... 

-I 
:::s­
C'D 

~ 
~ ..... 
<: 
~ 
n 
c: 
c: 
3 

-I 
C'D 
VI 
C"i" 

('") 
o 
:::s 
0.. ..... 
C"i" ..... 
o 
:::s 
VI 



The blackbody represents a special case in which all operating 

measurements are obtained in a vacuum environment. The qualification 

exposure for the blackbody is described separately in 3.3.7 in terms of 

life exposure. The acceptance testing of the flight units will include 

up to 10 on-off cycles to verify stability. 

Thermal cycle validation testing will be performed on the 

individual circuit boards which make up the PEA and GEA assemblies. 

These tests will be conducted in air and show the 10°C margin for 

operations (the tests are described later, see section 4.3). 

The components and items cited for qualification by similarlty 

include the motors, potentiometers, thermistors, heaters, and mechanlcal 

drive elements and all had a history of previously successful flight 

operations. As an example, the gimbal motors and harmonic drives were 

flown in the solar array drive for the Navy Fleet Satcom satellite. 

Typical qualification values were: 

Random qualification, 20.7 grms (Centaur or equivalent) 

Pyro and mechanical shock 

Thermal vacuum, OaF to 130°F 

Design life, 14 years 

The principal consideration which permits usage of these items 

is the maturity of the design. The moving elements in the lnstrument 

assembly employ materials, lubricants, and mechanisms which have been 

successfully flown in space. For HALOE acceptance, these items do 

receive cycling, burn-in, and run-in for significant periods of time 

(see Life 3.5.9 below). 

Cleanliness considerations impose thermal environmental 

conditions during assembly which can exceed the operating temperatures 
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encountered in space. While the minimum cleaning is an alcohol wipe, 

the standard method involves solvent immersion, followed by a vacuum 

bake. Typically, bakes at 140°F and 10-5 Torr for up to 72 hours are 

used. Such requirements are effective screens for workmanship type 

defects. This coupled with appropriate burn-in or functional testing 

provide the necessary confidence for flight acceptance of components 

with established histories of performance in space. 

3.5.8 Thermal Balance 

The thermal model validation tests for the 

telescope-sunsensor-mainframe combination are described later (see 

section 4.6). Thermal model verification for the assembled instrument 

will be part of the thermal vacuum testing exposures. 

The PEA and blackbody are two special cases. The remote 

mounting of the PEA requires a separate thermal model. This will also 

be verified during the thermal/vacuum tests. Because of heat transfer 

from the blackbody, thermal balance determination requires special 

measurements which are performed during the blackbody life test 

(see 3.3.7) 

3.5.9 Life Testing and Acceptance Run In 

Life testing for extended periods is being performed on those 

components where changes could alter instrument radiometric performance. 

These tests have been described earlier·as: 

1. Optical filters, Section 3.3.1 

2. Gas cells, Section 3.3.2 

3. Detectors, Section 3.3.5 

4. Blackbody, Section 3.3.7 
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In addition, the cable wraps received a 2000 cycle llfe 

evaluation performed at one cycle (wrap-unwrap) per minute. 

The acceptance sequence for critical components with prevlous 

testing in space includes the following exposures and operations. 

3.5.10 

Chopper motors, 12 grms vibration plus 168 hrs run-in 

Cal wheel motors, Run in 8 hrs at 25°C 

Gimbal motors, 10 cycles 10°F to 160°F with 2 hr dwells plus 

50 hrs run-in in each direction. 

Harmonic drive, 8 hrs run-in 

Leakage 

Hermeticity tests are required for the InAs, HgCdTe, and 

thermistor bolometer detectors plus the gas cells and pyro devices. The 

detectors use the Helium leak detection technique. A 100 hour soak at 

atmospheric pressure is followed by an immersion in vacuum. Leakage is 

detected by a He mass spectrometer (limits are 10-6 standard cc/sec). 

Leakage for the gas cells is determined by use of the Fourier Transform 

Interfrometer which detects change in the fill condition of the cells 

(See 3.3.2). Leakage for pyros measures the retention of gases after 

firing. Tests involve firings in mass spectrometers and monitor for 

emission products. 

3.5.11 Contamination 

Contaminant degradation of optical elements and thermal 

control surfaces represent a continuing concern for the HALOE 

instrument. The requirements and actions to maintain cleanliness are 

defined in the Contamination/Cleanliness Control Plan Document, 

HA-13-003B. Practical considerations dictate that the instrument remain 

under cleanliness control until the time of launch. The analyses for 
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contamination effects will include measurements from witness plates 

which will follow the instrument together with and an assessment of 

contaminants and their potential effects due to outgassing from the 

spacecraft and the shuttle. 

3.5.12 Space Radiation 

The components and the elements used for the HALOE instrument 

were analyzed for sensitivity to the space radiation environment defined 

wlthin the GIIS 430-1601-003, (Rev. C). A total of three micro-
I 

electronic dies indicated a possible sensitivity and to assure 

reliability received additional shielding. For the microprocessor and 

the random access memory ~ies, the additional shielding was included at 

the case package. For the fine sunsensor reticon linear array, the 

additional shielding was added to the cover and by adJustment of the 

viewing window. 

3.5.13 EMC/Magnetics 

These environments and measurements will be performed as part 

of the instrument environmental sequence before refurblshment. The 

testing is described later (see 6.3 and 6.4) 

3.5.14 Mass Properties 

The measurements of mass properties will be performed on the 

instrument assembly and the PEA as separate items. These measurements 

will be performed as part of the initial environmental test sequence 

before refurbishment (see 6.6). 

3.5.15 Pressure Profile 

A venting analysis will be performed to show no more than an 

0.05 psi differential when subjected to a pressure decay of 

0.8 psia/sec. All cavities wlthin the instrument and electronic boxes 
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which vent through orifices will be analyzed. If necessary, the orifice 

size will be increased to provide the necessary margin. 

3.5.16 Temperature Humidity 

Temperature cycling under humidity conditions involving 

condensation cannot be allowed for the HALOE Instrument. The condensing 

of water on the optical surfaces will degrade performance (e.g .• render 

unacceptable). The design and operating approach to the protection of 

the optics is aimed at the prevention of any condensates on optlcal 

surfaces and utilizes heaters for thermal control. The instrument will 

be protected against the condensing of moisture throughout the ground 

test and launch sequence. 

3.5.17 Calibration 

Calibration is not an environment per se, however. a total of 

eight items require calibration in terms of an applied environment. The 

calibration requirements are described elsewhere in this plan. For 

reference, they include: 

Item DescriQtion Section 

Sunsensor 3.4.3 

Blackbody 3.3.7 

InAs-HgCdTe Detectors 3.3.4 

Bolometers 3.3.3 

Gimbal Potentiometers 4.4 

Thermistors 3.2.6 

Gas Cell s 3.3.2 

Optical Filters 3.3.1 
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4.0 SUBSYSTEM TESTING 

4.1 General Considerations 

The subsystem testing for the HALOE instrument provides the 

necessary bridge between component evaluation and system integration. 

The electronics subsystem, which is the build-up of individual 

circuit boards, provides all command functlons, power conditioning, internal 

control, signal conditioning, and data handling for the instrument. An 

engineering model electronics subsystem (spread, system) which is electrlcally 

equivalent to the flight electronics subsystem, is used for acceptance 

testing of flight circuit boards. 

The pointer/tracker subsystem testing will demonstrate HALOE 

capability to properly acquire, scan, and track the sun. The initial 

testing, which is done on a prototype BGA provides the facllity for 

acceptance tests on the flight gimbals and sunsensors. 

Finally, a series of environmental tests are described for thermal 

and structural subsystems. The thermal and structural dynamic tests are used 

for component and subsystem qualification, and for thermal and structural 

model validation. These models are then used to predict telescope/sunsensor 

boresight stability under HALOE operating orbital environments. The dynamic 

testing also provides the assurance for successful operation after exposure 

to the vlbrational environments associated with launch and delivery to orbit • 

• The flows for the electrical subsystem testing and the 

pointer/tracker testing appear as figures 4.1-1 and 4.1-2 respectively. 

Table 4.1-1 summarizes the pertinent consideration relative to all of the 

subsystem testing. 
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Figure 4.1-2, Flow of Tests for the Pointer Tracker Subsystem 
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4.2 

4.2.1 

Electronic System Operation and Evaluation, the "Spread" System 

Objectives 

The electronic system operatlon and evaluation tests begin with a 

build up of circuit boards to form the "spread" system to establish the 

overall operating compatibility for the lETS/PEA/GEA combined system. The 

spread testing will: 

A. Perform the operating evaluations of the PEA, GEA and lETS to 

establish the functional capability and verify operation over 

the full range of supply voltages. 

B. Evaluate the functioning of the circuits relative to noise 

sources or other disturbances toward eliminating the sources or 

minimlzing noise effects by means of changes to clrcuitry, 

introduction of shielding, or modifications to 

interconnections. 

c. Exercise the on-board logic and ground system control software 

D. 

to show functional capabilities and compatibility. 
~ .. 

Develop the test control and data reduction formats to support 

integration and acceptance testlng (e.g., provide the lETS 

system procedures). 

E. Evaluate the effects of temperature on the operation of the 

subsystem. 

F. Proviae the capabillty to perform specific measurements on 

circuit boards for parameters considered critical to flight 

data inversion (e.g., gains, voltage, stability, time 

constants, etc.). 

G. Provide the flight acceptance test facility for the flight 

ci rcuit boards. 
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4.2.2 Test Configuration and Equipment 

The testing will be performed in the electronics laboratorles 

(Bldg. 1299). The Spread System will include: 

1. Gimbal Electronics Assembly: A full complement of 

circuit boards will be fabricated except for three gas 

correlation boards. Individual circuit board connectors 

will be flight type, but the other interconnects will not 

necessarily utilize flight connectors. 

2. Platform Electronics Assembly: The spread system will 

contain all the circuit types within the PEA. 

3. Instrument Electronics Test Set (lETS): The electronics 

for the ground support system will be fabricated for and 

mounted in standard 19" electronic test racks and will 

conform to the standards assigned for ground support 

equipment having a fli~ht electronics interface. 

Interconnections will be compatible with the flight 

instrument. 

4. Sunsensor Electronics: Two electronic test boxes provide 

signal conditioning for all three of the sunsensors and 

provide the appropriate inputs to the pointer/tracker 

control logic and telemetry electronics. 

5. Laboratory Support Equipment: Many items of electronlc 

test equipment, such as power supplies, oscilloscopes, 

meters, etc., will be used to support clrcuit board 

testing. Decade resistor boxes will simulate temperature 

sensors and signal generators will simulate radiometric 

inputs. A Techtronics Development Support System will be 
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4.2.3 

used for developing and programming the on-board 

microprocessor. 

6. Thermal cycle testing will utilize the existing chamber 

which can accept all the GEA and PEA boards at one time and 

cycle over the range 0 to 160°F. 

Test Sequence 

The Spread System testing begins with circuit board checkout and 

extends through a functional demonstration of the PEA, GEA and IETS in a 

manner which simulates the flight systems operation. The phases of the 

testing include: 

A. Spread System Circuit Board Level Testing. Circuit board tests 

will use laboratory power supplies, simulated inputs, and 

simulated loads. Timing and control, waveshapes, noise, and 

functional requirements will be measured. Most board related 

and design-related problems will surface during these tests and 

become the basis for implementing corrective cAanges. 
~-B. Spread System Combined Board Testing 

The combined board testing begins with the timing/switching 

logic/data handling boards and continues with the sunsensor 

electronics, temperature controller, and radiometer and gas 

channel signal conditioner boards until the entire system is 

tested. Since flight firmware and the IETS are used during 

this test, a total system~ evaluation is accomplished. For 

these tests, decade boxes provide the simulations for 

temperature sensor inputs and signal generators provide 

simulations for telemetry inputs from the other data channels. 

Dynamic stimulations from sensors or sensor simulators will 
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provide input for the sunsensor related functions. Outputs may 

be real (motors) or may be load simulations (such as a resistor 

for a heater). The combined board testing will identify the 

causes of noise or other unacceptable effects within the 

system. These problems will become the basis for changes or 

other appropriate corrective action. 

C. System Evaluation Testing 

The system evaluation testing will exercise the entire HALOE 

electronic subsystem. Commands will be sent to exercise the 

instrument through all operating modes. When the electronlc 

subsystem is functionally acceptable, performance measurements, 

such as multiplexer cross-talk and data system noise, are made. 

When performance is acceptable, the subsystem is operated over 

the expected UARS voltage supply range. Finally, thermal 

cycles from 25 to 104°F are conducted to assess temperature" 

sensitivity. 

D. Measurement of Parameters from Circuit Boards 

Performance parameters considered critical to the 

interpretation of flight data will be measured during a thermal 

cycle sequence on circuit boards selected from the spread 

system. The boards and measurements will include: 

1. Radiometer Board. (All four channels) 

Revision B 

a) Signal-to-noise ratio is measured at the output of the 

demodulators with a test signal input at 150Hz set to yield 

4.2 VDC output. 

b} System gain is measured from the input to the second stage 

AC amplifier to the output of the demodulator. 
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Test signal inputs are selected to provide a 4.2 VDC 

output. 

c) Low pass filter. Amplitude-phase relationships between the 

input signal and the output signal are measured. Input 

signal ranges from O.lHz to 2Hz (demodulator switches out 

of circuit). These measurements are performed as a 

function of temperature to determine if the flight boards 

should be measured as a function of temperature. 

d) DC Offset. The DC offset voltage at the output of the 

demodulator with no signal input is measured. 

2. Gas Channel Boards 

Revision B 

a) Gain veriflcations for V, R, ~V,~R. Using inputs 

of 150 and 300Hz, the as-installed gains of the AC 

amplifiers unique to the V, R, OV, and OR signals are 

measured. 

b) Cross-talk Effect~. Using the 150Hz test wave, the DC 

output voltages at Rand e>R are measured. Using the 300Hz 

test wave, the DC outputs at V and OV are measured. 

Corrections are made for the harmonic distortion in the 

test wave. 

c) Noise. Using test waves at 150 and 300Hz, electronics are 

balanced to 6V = O. Data is recorded at 6V = 0 for 15 

minutes. The data is analyzed statistically for 

~V drift and bias. 

d) AGC Loop Time Constant. The time constant of 

the AGC loop is measured by monitoring the time for the 
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c)R signal to reach a steady state value after applYlng 

an offset to the AGC loop DAC. 

e) Low Pass Filter Response. The amplitude-phase relatlonship 

for each filter over the range 0.1Hz to 2Hz (demodulator 

switches out of the circuit) is measured. These 

measurements are performed as a function of temperature to 

determine if the flight boards should be measured as a 

function of temperature. 

f) DC Offset. The DC offset voltage at the output of each 
I 

demodulator with no signal input is measured. 

g) Methane (CH
4

) C)V Bias Offset; The C) V signal induced by 

the bias circuit on the methane channel is measured. 

h) AGC Circuit Characterization. The gain of the AGC 

circuit from the multiplier feedback signal input to the 

multiplexer is measured. 

3. Common Boards. 

a) Bolometer Calibration. A calibration on the bolometer bias 

current and bias voltage circuits is performed for 

characterizing bolometer telemetered data. 

b) The output voltages of the bolometer power supplies 

(+29 VDC, -29 VDC) as a function of the input voltages to . 
the converter regulator circuit are characterized: 

4. Preamplifiers. The noise figures for the radiometer and gas 

Revision B 

channel preamplifiers are measured. These measurements will be 
• 

performed at ambient and at 104°F as part of a 5 cycle-thermal 

environment that includes a 0.5 hour dwell at -lOaF before the 

initial measurement at 25°F. This is followed by a 0.5 hour 
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4.2.4 

dwell at 150°F before the first measurement at 104°F. These 

measurements wlll be evaluated for application to the 

acceptance of the flight circuit boards. 

E. Flight Circuit Board Acceptance Test Capability 

Each of the flight circuit boards will be functionally operated 

within the Spread system as part of the acceptance test 

sequence (see 4.3). 

F. Thermistor Readout Circuit Calibration 

Each thermistor readout circuit will be calibrated such that 

thermistor telemetry outputs can be converted to degrees 

celslus (see Section 3.2.6). 

G. Parameter Telemetry Calibration 

Each parameter monitor telemetry channel will be calibrated 

such that telemetry data can be converted to the approprlate 

engineering units. 

H. Spec1al Purpose Support Testing 

The Spread System will be kept as an operational facility for 

resolving test related problems arising during assembly, 

integration, and fabrication of flight components. The tests 

or evaluations will be defined on an as-needed basis. 

Controls and Documentation 

The conduct of the Spread System testing in the laboratories will 

be progressively controlled in accordance with the complexity or criticality 

of the testing. The initial individual and combined board testing will have 

informal controls in the form of laboratory notes and records. The results 

from tests will become the basis for generatlon of the instrument system 

operation test procedure which will control all subsequent integration and 
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acceptance test. The acceptance testing of flight circuit boards will use 

this procedure, with possible modifications pertinent to the acceptance of a 

particular circuit board. 

4.2.5 Results and Data Generated 

The results of Spread Testing will be used to confirm the 

acceptance of the electrical subsystem configuration. These results are also 

used to generate: 

1. The system test procedure. 

2. Software descriptions for the on-board microprocessor and 

lETS. These include logic flow diagrams and instructions 

for the operating modes, the special test routines, and the 

data display options. 

3. Compilations of measurements and response data. These data 

will represent actual case printout or plots retalned for 

comparison as ~upport to subsequint testing. 

4. Test records from the special circuit board tests. Prlnt­

outs of data pertinent to each circuit board • 

• 
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4.3 PEA/GEA/IETS Flight Acceptance Tests 

4.3.1 Objectives 

These tests are run on the Spread System as the test facility for 

functional flight acceptance tests of the PEA and GEA subsystem. Also the 

GEA, PEA, and lETS will be functionally demonstrated. The testing will: 

A. Verlfy the electrical operating compatibility of the flight 

circuit boards within a total system. 

B. Verlfy the electrlcal performance capability of the flight PEA, 

GEA and lETS. 

4.3.2 Tests Configuration and Equipment 

The testing wlll be performed ln the electronics laboratories 

(Bldg. 1299). The test setup wlll include: 

A. The Spread System in the finalized configuration after completion 

of the testing described in 4.2 above. 

B. The lETS in the final conflguration after completing the testing 

, described in 4.2 above. 

C. A test interconnect cable to operate between the PEA and GEA. 

(This cable will support integration testing,) 

D. The laboratory support as developed durlng the testlng described ln 

4.2 above. 

4.3.3 Test Sequence 

A. Flight Circuit Board Acceptance 

All flight clrcuit boards will be functionally operated within 

the Spread System as part of the acceptance test. This test 

will also demonstrate proper response to commands, data 

handling and control, and all telemetry channels. These tests 

will extend over the UARS range of operating voltages and 
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include thermal cycling over the range 25 to 104°F. The 

measurements of performance parameters on individual circuit boards 

will be performed in accordance with requirements defined from the 

tests described in 4.2 above. Results, as telemetry records, 

oscilloscope records, or timing of events will be generated for 

record. 

B. PEA-GEA-IETS Functional Acceptance 

4.3.4 

The flight PEA, GEA, and the lETS will be interconnected and 

operated. The GEA-PEA interconnection cable will be subsequently 

used during system integration testing (see 5.5 later). The tests 

will show power, logic, and command-response functions for all the 

operating modes and for the special test routines intended for use 

during system integration and system acceptance testing. These 

tests will provide the telemetry measurements and voltage 

measurements which will become the basis for data comparison in 

subsequent instrument integration testing. The systems operating 

procedures developed for these tests will become the control 

document for instrument integration tests. 

Controls and Documentation 

These tests will use test procedures and the lETS operating manual 

which were developed during the Spread System testing. The acceptance of 

flight circuit boards will·use test procedures with specific conslderatlons 

or measurements pertinent to the acceptance of a particular circuit board. 

The general test procedure will be supplemented by special test procedures 
• 

for the measurement of performance parameters on circuit boards. 

Revision B 107 September 20, 1985 



4.3.5 

A. 

Results and Data Generated 

The HALOE Systems Test Procedure and IETS Operating Manual, 

which will define the test sequence for the instrument during 

integration tests, will be developed. 

B. Software for the on-board microprocessor and IETS will be 

developed. Software descriptions, which include logic flow 

diagrams for the operating modes, will be developed along with 

special test routines and the data display options. 

C. Trending of all instrument telemetry channels will be retained 

for comparison to integration testing. 

D. Acceptance test data and parameter measurement records from 

flight circuit boards with printouts of data pertinent to each 

flight circuit board will be retained. 
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4.4 

4.4.1 

Pointer/Tracker Subsystem Tests 

Test Objectives 

The pOinter/tracker subsystem tests provide the measurements which 

integrate the suns ens or to the prototype BGA. The tests will: 

A. Measure the performance parameters and characteristics of the 

system in terms of dead bands, torques, supply voltage 

sensitivity, friction, etc. 

B. Measure angular positions in response to pointing commands which 

cover the full range of movements in both azimuth and elevation and 

show compliance within specified accuracy by comparison of final 

position with commanded positions. 

C. Measure rates of motion in response to commands over the full range 

of velocities for both azimuth and elevation and show compliance 

within specified accuracy by comparing rates achieved with rates 

commanded. 

D. Measure the angular offset and intensity thresholds for solar 

acquisition and tracking in both azimuth and elevation track. 

E. Provide measurements of the system operation throughout all the 

flight sequence including solar disc scans. 

F. Measure sensitivity of the coarse sunsensors to changes in 

wavelength. 

G. Measure sensitivity of coarse sunsensors to out-of-field radiatlon 

(glint). 

H. Measure sensitivity of fine sunsensor to a simulated cloud • 

J. Measure minimum solar extent for fine sunsensor operation. 
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4.4.2 Facility and Equipment 

These tests will be performed in the preclean room adjacent to the 

instrument clean area (Room 140 complex, Building 1202). The pertinent 

features of the installation are shown in figure 4.4.-1 and include: 

1. Rate Table and Fixture. The vertical-axis rate table will have 

a right angle fixture to accommodate testing for each axis. 

2. Solar Source. The heliostat will provide a solar source for 

these tests. The solar disc edge will be masked in an optical 

reimaging system to prov1de spatial source stability. 

3. Instrument Assembly. The assembly will use the flight 

instrument mounting adapter, the prototype gimbal units, and 

the prototype main frame with dummy weights to simulate the 

telescope and optics. A test bracket will position the flight 

sunsensor relat1ve to the elevation gimbal. 

4. Electrical Operating System. Electronics will include the 

flight sunsensor and flight equivalent circuit boards for the 

sunsensor electronics, motor drives, and the command-control 

logic. 

5. Data and Measurement System. A laboratory computer will 

provide real-time readout 1n engineering units. 

4.4.3 Sequences of Tests 

A. System Parameter Measurements. The measurements will be 

performed with the aid of auxiliary loads, spring scales, etc. 

Measurements will include: 

1. Dead band or backlash. 

2. Torque and friction. 

3. Voltage margin. 
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B. Positioning Accuracy. A series of slew to acquire and stow 

commands will be delivered to the gimbals. The measured angle 

actually moved (from rate table system) will be compared wlth 

angular command imposed. The acquire command will bring the 

sunsensor into alignment with the beam from the heliostat and 

then acquisition is initiated. Deviations from the desired 

position will be measured by means of the sunsensor telemetry 

channels and the laboratory data system. 

C. Rate Accuracy. A series of slew or track commands will be 

imposed upon the gimbal drives. For these tests the rate table 

will be energized in a countering movement. The relative 

position of the gimbals and the rate table will be compared. 

Tests involving a tracking simulation will have the countering 

motions imposed such that the deviations from track rates can 

be monitored by the sunsensor positioning indicators which 

would appear in telemetry during flight. 

D. Solar Scan Simulation. The solar scan sequence will be 

exercised and the fine sunsensor moved across the solar dlSC 

image from the heliostat. The responses from the diode array 

will be measured for comparison with the specifications. These 

measurements will be performed over the range of azimuth and 

elevation positions and track rates anticlpated during flight. 

E. Solar Intensity Dynamic Range. The solar intensity will be reduced 

using neutral density filters until the gimbals will no longer 

respond. 

F. Minimum Solar Extent. The solar disc diameter will be reduced 

until the fine sunsensor controlled elevation gimbal looses 

lock. 
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G. Spectral Sensitivity Test. Minus blue and minus blue/green 

filters will be inserted 1n front of the coarse sunsensors, and 

track error will be measured. 

H. Glint Sensitivity Test. Gimbal sensitivity to radiometric 

sources outside the sunsensor field-of-view will be measured. 

4.4.4 Documentation and Control 

The conduct of the pointer-tracker tests will be controlled by a 

detailed procedure which defines the conduct of each test. 

4.4.5 Results and Data Generated 

The data will show or verify: 

1. The gimbal will ~lew in azimuth through any angle up to 

1850 in either direction and position for sunsensor 

acquisition within 30 arc minutes (0.5 degree). 

2. The gimbal will traverse in elevation over the entire 39 

degrees and position for sunsensor acquisition within 3.0 

arc minutes. 

3. Slew rates of 1.08 degree/sec Az, 1.07 degree/sec El; Scan rate 

of 8.64 arc min/sec in elevation and tracking accuracy of 0.5 0 

arc minutes in azimuth and in elevation. 

4. The solar scan motions will locate the solar tracking 

position 4 arc minutes from the top edge of the sun. 

5. The solar sensor in the tracking mode will operate over a 

dynamic illumination range of 100 and in the acquisition mode 

over a range of 1000. 
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4.5 

4.5.1 

BGA Flight Acceptance Test 

Objectives 

After the prototype BGA is replaced with the flight BGA, all tests 

described in paragraph 4.4 except for the sunsensor tests are repeated for 

Flight Acceptance Test. 

4.5.2 Facilities and Equipment 

The installation described in 4.4.2 will be used. 

4.5.3 Test Sequence 

4.5.4 

The test sequence will follow the build-up of the assemblies. 

A. Backlash, frictlon and torque measurements will be performed 

for gear trains and bearlngs without motors or control elements 

in place. 

B. The pointer-tracker assembled unit will repeat the pertinent 

portion of the subsystem operations described in 4.4.3. 

C. Painting error measurements will include the full range of 

gimbal angular movements with particular attention to solar 

acquisitlon and tracking. 

D. Torque pointing tests will measure the margin available with 

the motor drives working against dead weights or springs to 

define the upper limit for operation against degraded bearings 

or partial binding of components. 

Procedure 

The tests will utilize the procedure developed for subsystem 

operations (4.4.4). The procedure wlll apply to subsequent integration and 

system testing. 

4.5.5 Data for Record 

Measurements will repeat the results from tests performed in 

paragraph 4.4.5. 
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4.6 

4.6.1 

Telescope-Sunsensor Thermal-Vacuum Boresight Stability and 

Thermal Model Validation 

Test Objectives 

The orbital operation of the instrument occurs under environmental 

conditions which cannot be completely simulated in any ground test. 

Therefore, a detailed predictive thermal/structural/optical model must be 

validated by a controlled test. The testing must: 

4.6.2 

A. Provide temperature measurements throughout the structure for 

evaluation and refinement of the thermal model. 

B. Verify that the optical axis of the telescope and the optical 

axis of the sun sensors remain aligned during exposure to 

temperatures covering the operating range for the instrument. 

C. Evaluate the efficiency of the multilayer insulation thermal 

blanket when exposed to simulations of the solar flux. 

Test Configuration and Equipment 

The tests are performed in the LaRC 8 X 15 feet thermal vacuum 

chamber. The general configuration is shown in Figure 4.6-1. The principal 

features of the configuration are as follows. 

1. Test Assembly The test assembly consists of the mainframe, 

telescope, calibration wheel, sunsensor, and simulated 

radiators enclosed in multilayer insulation of flight-llke 

configuration. Instrumentation includes 50 thermlstors 

{including flight units} of which 38 are on the telescope. 

Auxiliary heaters include four located on the mainframe and 

three on the telescope. For optical sensing, an illuminated 

point target is incorporated at the field stop for the 

telescope and at the axial detector location of the fine 

sunsensor. 
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4.6.3 

2. Chamber Installation. The 1nstrument is centered 1n the 8' X 15' 

chamber with the optical axes of the sunsensor and telescope 

parallel to and in the same plane as the center line of the 

chamber. A door incorporating a 27 inch diameter quartz window 

provides the access necessary for optical measurements and 

solar simulation. 

3. Optical Measurements. The optical measurement system uses a 

reference source and off-axis collimating mirror to provide 

return beams from the sunsensors, the alignment cube, and from 

a small reference mirror mounted on the front face of the 

telescope. The measuring system tracks seven optical signals; 

a reflected reference on the table, four reflections from the 

instrument, and two illuminations from the instrument. The 

optical measuring system appears diagrammed in figure 4.6-2. 

4. Solar simulation consists of a quartz lamp array which provides 

illum1nation equivalent to one Sun over the visible portion of 

the solar spectrum. 

5. Heater and Instrumentation Control System. The heaters are 

powered by controllable regulators. Temperatures and power 

measurements are made with a computer controlled system 

which calculates, records, and provides a printout in 

engineering units. 

Test Sequence 

The test sequence begins with preparation in the clean room, 

followed by chamber installation and electrical checkout, and finally, 

application of the thermal/vacuum environments. The instrument is returned 

to the clean room for post-test evaluation and continuation of assembly 

operations. The steps become: 

Revision B 117 September 20, 1985 



! .... 
!A .... 
o 
::s 
til 

--(X) 

Vl 
Cl) 

""C 
M­
en 
3 
0'" 
Cl) 

-S 

N 
o -\0 
(X) 
U1 

.~ THERMAL VACUUM TEST CHAMBER 
.-----,.--:;-, 7', -:~T7~ -:.:-:0 .. ;--:;-;-. -;,-;,,~, -:.;1!--II' QUARTZ WINDOW 

TELESCOPE REFERENCE /TABLE REFERENCE 
MIRROR MIRROR 

12" DIA OFF-AXIS COLLIMATOR 

n Jf /~ ~ U ~... 7 :;,z 7 

0.002" DIA. SOURCE ALIGNNENT CUBE 

OPTICS TABLE 

Figure 4.6-2, Optics for Thermal Vacuum Boresight Alignment Measurements 



A. Clean Room Preparations. The clean room preparations include the 

installation and operational checkout of the heaters, light 

targets, thermistors, insulation blankets, and chamber mounting 

fixtures. 

B. Chamber Installation and Checkout. After bagged and transported to 

the chamber area, the instrument is centered in the chamber and 

electrically checked out. The final phase of the test preparation 

involves aligning the optical monitor test setup with the 

instrument through the vacuum-chamber window in the door. 

C. Boresight Stability and Thermal Model Validation. After 

establishing a vacuum which supports effective operation for the 

MLI (4 X 10-4 Torr or Less) a series of thermal equ1librium 

conditions are established which include the full operating 

range for mainframe temperatures and representative cases for 

in-orbit heating. Thermal model validation data are recorded 

during the transient periods and during equilibrium. (Thermal 

equilibrium is defined as no individual thermistor change 

greater than ±O.3°F in one hour.) Boresight measurements are 

performed at thermal equilibrium only. A total of 10 thermal 

equilibrium points will be obtained. 

D. MLI Efficiency Evaluations with Simulated Solar Radiation. The 

instrument is positioned with th~ optical axis perpendicular to the 

center line of the chamber and the beam from the solar simulator 1S 

focused upon the MLI Covering the telescope. The efficiency of the 

MLI as a thermal barrier is determined from a temperature 

measurement during transients and at thermal equilibrium. The 

evaluation consists of representative cases for the mainframe 
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4.6.4 

4.6.5 

temperature at equilibrium. At the completion of the first set of 

measurements, the position of the instrument is reversed 180 

degrees and the beam from the solar simulator is focused upon the 

sunsensor side of the telescope. The same series of six thermal 

conditions are established and measured. 

E. At the completion of the exposures, the instrument is removed from 

the chamber, bagged for protection, and returned to the clean room 

for post-test inspection. 

Controls and Documentation 

The procedures developed for the test are: 

1. Test Coordination for Thermal Vacuum Boresight Stability 

and Thermal Model Validation (H-09-031). 

2. Thermal Model Validation Test Procedure (H-09-032). 

3. Boresight Stability Test Procedure (H-09-033). 

Data and Results Obtained 

The specific measurements and results for record from these tests 

will consist of: 

1. Temperature distribution measurements recorded on computer 

printouts and data tapes. Temperatures will be recorded for 

one minute intervals over the first 15 minutes of transient and 

every five minutes thereafter until equilibrium. (These data 

become inputs to thermal model evaluations.) 

2. Chamber Data. Wall temperatures and vacuum level data will be 

monitored every half hour. 

3. Boresight measurements consist of seven coordinate positions 

measured at thermal equilibrium. Data format is defined in the 

procedure. 

Revision B 120 September 20, 1985 



4. Updated procedures. These procedures are updated to 

incorporate details which will be retained for reference 

and support for the system thermal vacuum exposure tests. 
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4.7 

4.7.1 

Dynamic Model Vibration Tests 

Objectives 

The vibration testing of the System Dynamic Test Model must provide 

the measurements of dynamic response which: 

A. Validate the analytical dynamic model for predicting loads and 

stiffness requirements at component location. 

B. Show the instrument compatibility with the vibratlon 

environment associated with launch and delivery to orbit. 

The validation requires the identification of structural modes and 

associated resonant frequencies coupled with measurements of instrument 

dynamic responses when subjected to the launch environment. The compatibility 

demonstration for the instrument proceeds in steps. First, the testing of 

the dynamic model shows the compatibility for the mounting adapter and 

gimbals. Second, the compatibility of the mainframe/telescope/sunsensor 

assembly is tested (see 4.8). 

4.7.2 Test Equipment and Facility 

The test facility for the vibration test uses the shaker 

installation in building 1250 and data processing system. The particular 

items lnclude: 

A. The instrument dynamic model, which consists of the adapter, 

the prototype biaxial gimbal assembly, and prototype mainframe. 

Sub-assemblies mounted to the prototype mainframe are simulated 

by masses matched for weight and inertia to the particular item 

at that location (e.g., telescope-sunsensor, GEA, radiators, 

etc.). The change in the design of the adapter has resulted in two 

configurations for the dynamic model and the data from these tests 

are considered complementary. 
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B. Shaker Adapter Plate. The plate provides the interface between the 

shaker fixtures and the instrument adapter. 

C. A Harmonic Analyzer in the shaker facility will define structural 

modes. 

4.7.3 

D. Triaxial accelerometers are located as follows. 

1. Input to instrument adapter 

2. Top face of azimuth gimbal 

3. Mainframe, lowest edge of teles,ope mounting surface 

4. Mainframe, lowest edge at GEA interface 

5. Mainframe, edge under frame radiator 

6. Mainframe/point under detector radiator 

Test Sequence 

A. Determination of Mode Shapes and Frequences. A multinode 

structural model will be programmed into the analyzer with 

responses from low level exitations of the structure (e.g. 

bumps). The mode locations, shapes, and frequences will be 

determined for all resonances below 128Hz. 

B. Random Vibration Exposure. Three axes of random vibration will 

be applied. These are defined in Table 14-1, of the GIIS 

430-1601-003 Rev. C. The responses from all accelerometers will be 

recorded for each axis. 

Documentation and Control 

These tests will be controlled by a test procedure (HALOE-12-055). 
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4.7.5 Results and Data Generated 

Data and measurements will include: 

A. Mode shapes, locations, and frequencies for structural 

resonances up to 128Hz. 

B. Power spectral density plots from accelerometers, 63 cases 

(3 axes, 21 accelerometers). 
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4.8 

4.8.1 

A. 

B. 

4.8.2 

Telescope/Sunsensor/Mainframe Vibration Tests 

Objectives 

Verify the alignment stability of the sunsensor to the telescope 

after exposure to 3 axis random vibration levels of 7.09 grms for 

30 seconds. (From analytic prediction~). 

Measure the vibration response at the telescope for comparison wlth 

the analytical model. 

Test Configura~ion 

This test uses the shaker facility located in Building 1250 of the 

LaRC. Figure 4.8-1 shows the general configuration. Test fixtures include: 

4.8.3 

A. 

1. A pedestal type mounting fixture attached to the moving plate 

of the slip table which supports the mainframe at the bolt 

circle for the elevation gimbal. 

2. Triaxial accelerometers are mounted on the mainframe at the 

support point and on the telescope at the calibratl0n wheel 

mounting interface. 

Test Procedure 

Preparation in Clean Room. The telescope and sunsensor are 

optically aligned and mated to the vibration fixture. Then, 

the entire assembly is instrumented, bagged, and transported to 

the shaker facility. 

B. Test Installation. The vibration fixture is bolted to the slip 

table and then accelerometer leads are connected to the 

recorders. 

C. Environment. Each of the three axes receives a 30 second exposure 

to a random vibration excitation of 7.09 grms overall controlled at 

the telescope. 
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D. Recovery. The test unit is returned to the clean room where the 

bags are removed. Then, optical alignment is checked. 

4.8.4 Procedure 

The testing will be controlled by a special test procedure 

(HA-09-027) • 

4.8.5 Data For Record 

1. Boresight alignments are measured before and after the test 

and compared for changes. 

2. A power spectral density analysis of the responses from the 

accelerometers is done. The control accelerometer must 

show compliance with input requirements while the analysis 

of other accelerometer data must show responses within 

limits established by the analytical dynamiC model. The 

profile is level from 120Hz to 600Hz at 0.025g2HZ and shows a 

9db/octave roll-up from 20Hz and a 9db/octave roll-off to 

2000Hz. . ... 
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5.0 INTEGRATION AND CHARACTERIZATION TESTING 

5.1 General Considerations 

The testing for integration and characterization accompanies the 

buildup and final assembly of the instrument. Figure 5.1-1 presents the flow 

of events and tests plus an indication of the test content. Table 5.1-1 

describes the test content, summarizes the pretest requirements, lists the 

test protocols, and defines the required data from the test. The sequence 

begins with the installation and alignment of the detectors together with the 

installation of baffles. These test operations must depend upon non-flight 

electronics for measurements and data. The installation of the 

pre-amplifiers GEA and PEA completes the electronics system that provides the 

science data and permits testing for performance verification and for 

characterizing the radiometric performance of the instrument. The mating of 

the optical head to the gimbals permits functional testing of the 

pointer-tracker and the overall electrical operation of the instrument in a 

manner which simulates the in-orbit functioning on board the UARS. At the 

completion of the integration and characterization sequence, the instrument 

is ready to begin environmental testing. 

Throughout the entire test sequence, the instrument remains within 

the HALOE Clean Room (Room 140, Bldg. 1202); figure 5.1-2 shows the general 

setup of the laboratory to support integration testing. The installation of 

the detectors is completed before the lETS and flight items are installed; 

and for these activities the test support equipment is located within the 

Clean Room. During the final assembly of the instrument the rate table is 

moved into the clean room. Some of the radiometric measurements require the 

precise insertion of gas cells, polarizers, etc. into the beam. The RSTS 

provides that capability; the optical schematic is shown as figure 5.1-3. 
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TABLE 5.1-1. SUMMARY OF OPERATING CONSIDERATIONS PERTINENT TO INSTRUMENT INTEGRATION TESTING 
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Operation. 

~ Concern 

1. Precursor 
Data or Test 
Results 

2. Test-Support 
Equipment 
Software, Data 
Reductl0n 

3. Procedure 
Requirements 

4. Procedures and 
Computer 
Programs Used 
in Further Test 

5. Data Retained 
for Records 

( ( 

• 
TABLE 5.1.-1. SUMMARY OF OPE~TING CONSIDERATIONS PERTINENT TO INSTRUMENT INTEGRATION TESTING (Concluded) 

Characterlzatl0n 
Test 
5.7 

Complete Initial 
Ra~iometric Tests 

All of 5.6 plus 
Empty Gas Cells 
• Polanzers 
• Knlfe Edge Scan 

System Sequence with 
• Empty Cell Blas 
• Polarizatlon 
• Balance Linearlty 
• FOV-IFOV 
• Out-of-Field "1 

System Operation 
• Cell Bias 
• Balance Linearity 
• FOV-IFOV 
• OOF 
Polarization Sensitivity 
IFOV, FOV Measurement, 
OOF Measurements 

In-Band Spectral 
5.8 

Complete Initial 
Radiometric Balance 
and IFOV 

DynamiC Range 
and Gas Response 

5.9 

Complete 5.6 
and Empty Cell Bias 

All of 5.7 plus' Same as 5.6 
• Spectral Scanning 

Monochromator Source 
• Auxlliary Sensors for 

Monitor of Input Energy 
• Plot of Signals vs. 

Wavelength 

System Sequence with 
Special Pro~dure for 
In Band Operations 

Repeat Measurements 
after environmental 
exposures 

Measurements of System 
Spectral Transmission 
Responses 

System Test Procedure 
• For Dynamic Range 
• Gas Response 

Partial Gas Response 
used in System 
Performance Verification 
Level 

Radlometric Responses 
to Interferent Gases 

Pointer-Tracker 
Characterization 

5.10 

Complete 5.6 
and Assembly to 
Gimbals 

Conmand and Mode 
Operation 

5.l1 

Complete 5.6 and 
5.10 

• Assembled Instrument All of 5.6 and 
on Rate Table with 5.10 
Fixtures 

• lETS Control 
• Rate Table Control 
• Heleostat and Auxiliary 

Source 
• Auxiliarles from subsystem 

test (4.4. 4.5) 

System Test Procedure 
with POlnter-Tracker 
Operation Included 

System Test Procedure 

POlnter-Tracker 
Performance Valldation 

System Test 
Procedure Total 

System Test 
Procedure Total 

Verify Full 
Operating Control 
and Operatlng 
On-Based Software 
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Bolometer Detector Alignment 

ObJectives 

5.2 

5.2.1 

A. Align the bolometer detectors in the center of the appropriate 

beams at the aperture stop image. 

B. Measure the signal to noise ratio (SIN) and compare it with the 

predicted value. Note: Because the absolute magnitude of the 

energy entering the telescope is unknown, the predicted SIN ratio 

is only approximate. As a consequence this test will be repeated 

as part of the initial radiometric performance measurements. 

5.2.2 Equipment and Facility 

A detailed schematic for the measurement setup is shown in Figure 

5.2.2-1. Alignment of the bolometer detectors requires the following 

equipment: 

A. Bolometer detectors 

B. ±29V bias supply for the bolometer detector 

C. Chopper drive signals 

D. Preamplifiers with slip-on connectors 

E. Synchronous demodulator (lock-in amplifier) 

F. Electronic micrometer gauges which measure relative motion 

along two orthogonal axes 

G. Computer system for sampling and displaying detector output 

(lock-in amplifier output) as a function of detector position 

H. Blackbody source 

The path between the blackbody source and the telescope will be purged during 

the installation of the H20 channel detector. 
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5.2.3 Test Sequence 

A. Detector Alignment 

Establish the test equipment configuration shown in Figure 

5.2.2-1. Map the radiometric signal as a function of the detector 

position. Verify that the image size is the same as predicted. If 

necessary, replace the nominal shim by larger or smaller shims to 

position the detector at the proper distance from the last field 

lens. Repeat the signal mapping for each shim until the proper 

image size is recorded. Position the detector in the center of the 

image. 

Repeat the above for each of the four broad-band radiometer 

channels. 

B. SIN Ratio. Measure the lock-in amplifier output with the 

blackbody set at 2500 0 K and with the beam blocked. Calculate 

the SIN ratio and compare it to the predicted SIN ratio. 

Isolate and eliminate excess noise. 

5.2.4 Procedures Required 

A. Detector Alignment: Write a procedure for the bolometer detector 

alignment. 

B. Signal-to-noise Ratio: Write a procedure for this test. 

5.2.5 Data Retained for Record 

A. Detector Alignment: Maps generated by each shim thickness and 

redlines to drawings showing changes to the hardware required 

to align the detectors. 

B. Signal-to-Noise Ratio: Redlines to procedures showing additional 
I 

testing required to isolate excess noise and redlines to drawings 

to show changes to the hardware required to eliminate excess noise. 

Measurements of final SIN ratio. 
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5.3 

5.3.1 

A. 

Photovoltaic Detector Alignment 

Objectives 

Align the gas-filter correlation (GFC) channel photovoltaic 

detectors in the center of the beam at the aperture stop image. 

B. Measure the signal-to-noise ratio for each detector and compare it 

with the predicted signal-to-noise ratio. 

5.3.2 Equipment and Facility 

A detailed schematic for the measurement setup is shown in Figure 

5.3.2-1. Alignment of the photovoltaic detectors requires the following 

equipment. 

A. Photovoltaic detectors 

B. Thermoelectric cooler controllers 

C. 3.5 VDC power supply for the InAs TEC; 7.0 VDC power supply for the 

HgCdTe TEC 

D. Preamplifiers with slip-on connectors 

E. Synchronous demodulator (lock-in amplifier) 

F. Electronic micrometer gauges which measure relative motion along 

two orthogonal axes 

G. Computer system for sampling and displaying the detector output 

(actually the lock-in amplifier output) as a functlon of detector 

position 

H. Blackbody Source 

5.3.3 Test Sequence 

A. Gas Path Detector Alignment: Repeat 5.2.3.A modifying the 

procedure to include TEC power and to eliminate bolometer bias 

power. 

Revision B 137 September 20, 1985 



~ .... 
III .... 
o ::s 
llJ 

..... 
w 
(Xl 

Ul 
CD 
-c 
n­
CD 
3 
0-
CD ., 
I'\) 

o .. 
..... 
\D 
(Xl 
U'I 

DETECTOR TEC PRE-AMP LOCK IN HP DIGITAL 
AMP VOLTMETER 

i' 3.5v INAs .! 15 VDC 1 HP 
+ 7.0v HGCnTe IB 

HP 45 
BCD COMPUTER f--- DISK 

DRIVE 

FEDERAL FEDERAL 
GAUGE GAUGE 

6 PEN HP PRINTER 
SENSOR SENSOR PLOTTER 

Figure 5.3.2-1, Test Setup for the Allgnment of the Photovoltaic Detectors 



B. Vacuum Path Detector Alignment: Repeat 5.3.3.A 

5.3.4 

C. Signal-to-Noise: Repeat 5.2.3.B for the solar signal; repeat 

5.2.3.B for the AGC loop reference blackbody. 

Procedures Required 

5.3.5 

Same as section 5.2.4. 

Data Retained for Record 

Same as section 5.2.5 
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5.4 Optical Cross-talk and Initial Instantaneous Field-of-View Matching 

for Gas Channels 

5.4.1 

A. 

Objectives 

Measure the optical cross-talk. Install baffles to minimize the 

5.4.2 

cross-talk. 

B. Match the instantaneous fields-of-view (IFOV) between the gas path 

detector and the vacuum path detector. 

Equipment and Facility 

With the exception of the "X" and "y" micrometer gauges, use the 

same test setup as in Section 5.3. The special test fixtures necessary for 

these tests are as follows: 

A. Beam traps which can be placed on the baffles to block the beam 

(cross-talk test). 

B. Slit which can be scanned across the image of the HALOE field 

stop which is formed by the HALOE telescope and the external 

collimating optics near the blackbody source. Horizontal and 

vertical scans will be performed (IFOV matching). 

5.4.3 

A. 

Test Sequence 

Optical Cross-talk 

Measure the cross-talk from each "source signal" into each 

radiometer and GFC signal as is listed in Table 5.4.3-1. To 

measure cross-talk, measure the "effected signals. 1I Block the 

IIsource signal ll by installing a beam trap and measure the 

lIeffected signals" again. Size and position the baffles to 

minimize all types of cross-talk. To minimize gas into vacuum 

cross-talk, tilt the spectral filter and/or correlation gas 
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Effected 
Signal 

HF SG* 
HF SV* 
HF RG 
HF RV 
HCL SG 
HCL SV 
HCL RG 
HCL RV 
CH4 S6 
CH4 SV 
CH4 R6 
CH4 RV 
NO S6 
NO SV 
NO RG 
NO RV 
CO2 
N02 
H2O 

°3 

( 

TABLE 5.4.3-1, HALOE OPTICAL CROSS-TALK MATRIX 

HF HCL 

SG* SV* RG RV S6 SV 

X 

X 
X 

X 

X 

X 

R6 RV 

X 

X 

Source Signal 
CH4 

SG SV RG 

X 

X 

X 

NO 

RV 56 5V R6 RV CO2 

X 

X 

X 

X 

X 

X 

--------

XIS indicate no cross-talk possible between these signals; measure all others 
*For this Table; V is vac, G 1S gas. 

( 

N02 H2O 03 

-----

X 

X 

X 



5.4.4 

cell for that channel, as appropriate. Measure the residual cross­

talk. These tests may require the use of additional spectral 

filters in the solar path. 

B. Field-of-View Matching 

The field-of-view matching tests consists of measuring the output 

signals generated by stepping a slit across the field stop image. 

The field stop image is created by the telescope and collimating 

mirrors and is located near the external source blackbody. Two 

scans will be made: in one scan, a horizontal slit is moved 

vertically; in the other scan, a vertical slit is moved 

horizontally. 

C. Signal-to-Noise Ratio 

Measure the SIN ratio as in Section 5.2.3.B. 

Procedures Required 

Write test procedures for the optical cross-talk test and the IFOV 

matching test. 

5.4.5 Data Retained for Records 

A. Optical Cross-Talk: Redline drawings and procedures to document 

the changes in the baffle size and location and tilts of optical 

components. Retain measurements of the residual cross-talk for all 

combinations measured in Table 5.4.3-1. 

B. Field-of-View Matching: Data which shows the fields-of-view 

overlap by 99 percent in both horizontal and vertical axes. 

Redline drawings and procedures for any case which requires a 

detector relocation. 
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5.5 Initial System Power-Up Tests 

5.5.1 Objective 

Verify the performance of the flight electronics, the flight 

software, and the lETS for all subsystems except the pointer-tracker. These 

tests will: 

A. Show continuity through all harnesses. 

B. Show operation of signal simulators and signal loads for the PEA 

and GEA. 

C. Verify lETS software and hardware. 

D. Verify flight software for initial power on mode. 

5.5.2 Equipment and Facility 

For these tests, the PEA/GEA flight electronics and the lETS are 

integrated with the optical mainframe. The pointer/tracker is not yet 

integrated with the instrument. Figure 5.1-2 shows the principal 

features of the test setup configuration. The specialized ~est support 

equipment items are: 

1. Test cable from the PEA to the GEA 

2. The Gas Channel Electronic Test Set (GeETS) connected to 

the GEA and to the lETS. 

5.5.3 Test Sequence 

Each subsystem is functionally tested and the data is processed 

through the lETS for all operating modes. The principal steps are: 

A. Power Up: The lETS executes its "self-check" software to verify 

all lETS interfaces with the instrument. Include tests for all 

parameters given in Table 5.5.3-1 as part of this test. 
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TABLE 5.5.3-1. VERIFICATIONS PERFORMED AS PART OF 
POWER-UP FOR THE lETS AND SUPPORT ITEMS 

1. Verify the simulated UARS commands. 

2. Verify the simulated UARS power levels. 

3. Verify the slmulated pointer-tracker loads and input signals. 

4. Verify the decommutation of telemetry signals 

5. Verify proper operation of the test equipment for the RSTS, 
GCETS, and the source blackbody. 

TABLE 5.5.3-2 VERIFICATIONS PERFORMED AS PART OF INSTRUMENT POWER-UP 

1. Verify that control logic is initialized. 

2. Verlfy the content of analog and bi-level telemetry signals. 

3. Verify that RAM is loaded from PROM and that the memory data base 
contains default values. 

4. Verify that the calibration wheel moves to home position. 

5. Verlfy that-software is prope~ly initialized. 

6. Verify that PROM power is left on. 

7. Verify that the clock frequencies are correct. 

8. Verify that the chopper rotates at the proper speed. 

9. Verify that the TEC temperature drops to the correct temperature when 
TEC power is applied (automatlc). 

10. Verify that the blackbody temperature increases to 10000K when power is 
applied (automatic). 

11. Verify that a pUlse"is sent to the pin pullers in response to a 
telescope door open command and that telemetry indicates that the door 
is open. 

12. Verify that a pulse is sent to the gimbal pin pullers in response to a 
gimbal uncage command and verify that the telemetry indicates that the 
gimbals are uncaged. 

13. Send all serial digital commands except "0" and verify instrument data 
base is updated correctly. 

14. Send all serial digital commands necessary to initialize instrument to 
the desired data base. 
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B. Command and Response: Test all commands compatible with the 

system configuration. Table 5.5.3-2 lists the verifications for 

the initial power on mode and they provide indications through 

telemetry. The items for verification which show a capability to 

proceed with the radiometric tests include: 

Instrument on/of by voltages and temperatures 

Sunrise by Panel Ind'ication 

Sunset by Panel Indication 

Door Open by Switch Position Indication 

Door Closed by Switch Position Indication 

Gas Balance by lETS File Transmitted 

AGC Balance by lETS File Transmitted 

Cal Wheel Step by lETS File Transmitted and the 

and Home Cal Wheel Moves 

Each of the above cases have verification by a particular telemetry 

return. 

5.5.4 

C. Data Handling: Proper data handling is verified by real-time lETS 

decommutation and display of both housekeeping data and science 

data. 

D. GCETS Demodulation and Monitor of Test Points. Verify the 

auxiliary monitoring capability provided by the GCETS. 

Procedures Required 

Procedures developed during subsystem testing will be expanded into 

general procedures for use in higher level system testing. These new 

features will include: 

A. An lETS instruction manual which includes operating instructions 

and test support capabilities. 
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B. 

C. 

5.5.5 

An instrument System Test Procedure with definition of telemetry 

limits and acceptance values (from previous tests). 

The GCETS operatlon instruction manual. (HALOE-09-103) 

Data Retained for Record 

Data for each command and instrument operating mode will be 

retained for trend analyses. Measurements of voltage, current, and 

temperatures will comply with values predicted from previous testing and will 

verify compliance with the science requirements where appropriate. 
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5.6 

5.6.1 

Initial Radiometric Performance 

Objectives 

Theses tests provide the first measurements of the radiometric 

performance parameters of the flight instrument. The objectives are as 

follows: 

A. Set the "radiometric set-in-test parameters" of the instrument 

such as the demodulator phase and the preamplifier gains. 

These parameters are set one time only. 

B. Measure the noise, drift, and cross-talk. Isolate and eliminate 

sources of excess noise. These parameters are repeated as part of 

the Performance Verification tests. 

C. Establish a baseline performance for selected radiometric 

parameters. These tests are repeated as part of the Performance 

Verification tests. 

The specific tests are listed ln Table 5.6.1-1, and presented in the general 

order of performance. The tests which are considered as part of the 

Radiometric Performance verification are identified. 

5.6.2 Equipment and Facility 

The standard configuration is shown in figure 5.1-2. The following 

additional items of equipment and data reduction software will be required: 

1. Special test software to permit extended operation during the 

balance, calibration, and data sequences. 

2. Special test software to permit entry into any portion of the 

balance, the calibration, or the data mode sequence. 

3. Data recording for ancillary signals. 

4. Statistical routine to provide mean value, standard deviation, 

and least squares curve fitting (position or time). 
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TEST NAME 

1. Demodulator Phase 
Settlng 

2. Pre-Amp Galn Set and 
Potentlometer Gain Set 

2.a Gas Correlation Channel 
Inltlal Gain Setting 

2.b Gas Correlation Channel 
Trim Ba 1 ance 

2.c Radlometer Initial Gain 
Settlng 

2.d V Channel & Radiometer 
Channel Slgnal-to-Noise 

3. Callbration and Data 
Mode Operation 

3.a Balance Verification 
Initial~R at ~ V = 0 

TABLE 5.6.1-1. INITIAL RADIOMETRIC PERFORMANCE TESTS 

TEST OBJECTIVE 

Set the 150Hz Reference Slgnal 
Phase wlth Respect to the Solar 
Slgnal. Set the 300Hz Reference 
Slgnal Phase with Respect to the 
Blackbody Slgnal. 

Provide the Galn Settlng 
for V vac and V gas Pre­
Ampllfiers. 

Provlde an Initlal Settlng of 
D. V = O. 

Provide an Inltial Setting for 
the Radlometric Pre-Ampliflers. 

Measure Signal-to-Noise. 
Isolate and Eliminate Excess 
Noise. 

Verify Stable Operatlon as 
Trimmed and with Initial AGC 
Control. 

SPECIAL 
EQUIPMENT 

Dual Beam 
Oscllloscopes 

Known Solar Source 
Temperature 
Osc 1111 scope. 

TEST ACTION 

Adjust Approprlate LED & Photo­
detector Posltlon to Peak the 
Demodulated Slgnal Outputs. 

Adjust V vac Pre-Amp to R=4.2 
volts. Trlm V gas Pre-Ampl1fiers 
to ~R = O. 

Known Solar Source Adjust Clrcult Board (GEA) Trim 
Temperature Potentlometer to ~ V = O. 

Known Solar Source 
Temperature. 

Adjust Bolometer Pre-Amplifiers 
to a Value Correspondlng to the 
Fraction of "one sun" into the 
telescope. 

Plate to Block Compare Measured SIN with 
Radl0metric Output. Predicted SIN for Laboratory 

Condltions. 

Known Solar Source 
Temperature 

System Operation wlth AGC On. 
6 V and 6 R = O. Execute 

Balance Mode Co~nds Monitor 
6 V. 6R. 

COMMENTS 

Wave Shape Effects. 
See Note 1. 

See Note 2. 

Performed wlth AGC 
loop Defeated. See 
Note 2-1. 

Performed with AGC 
loop Defeated. See 
Note 2-2. 

Values Deflned from 
Comparison wlth Gas 
Channels. See Note 
2-3. 

Extrapolate Measured 
SIN to Fllght 
Compare wlth the 
Requi red SIN. 

See Note 3. 

bV and 6R 
Remain as Balanced. 
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:u TABLE 5.6.1-1. INITIAL RADIOMETER PERFORMANCE TESTS (Cont"d) 
(1) 

<: .... 
fA J.b Measure ~ V Stabl1 i ty Veri fy ~ V Measurement Known Solar Source Operate under Stable Input for See note 3-1 .... 
0 (Shift to Data Mode) Capabil1ty. Temperature 3. 15 and 45 Mlnutes while :l Blas Offset Heasuri ng V. 6 V. for Each 
tIl Blas Drlft Channel. 

Noise/NEM 

3.c Calibration Wheel Verify Movement of Wheel. Known Solar Source Command Wheel through Steps to Data Supports 
Tlming and Radiometric Confirm Adequate Dwell Time. Temperature Home. Monitor Telemetry and Cross-talk See Notes 
Response. Verify Modulation and Measure V. ~V. R and ~R for 3-2 and 5. 

Repea tab l11ty. Each Step. 

4. Balance Mode Operation 

4.a AGC Loop Time Constant Measure the AGC Loop Time Known Solar Source • Execute a Series of Balance See Note 4. 
..... Constant Temperature Sequences While Recordlng 
~ V. ~V. R. 6R. AGC. 
1,0 

4.b Auto Balance Time Determine Number of Balance Known Solar Source • Continue Balance Commands Test performed after 
Algorithm Interations to Bring Until ~V = 0. Count refurbishment only. 
~ V = 0 within 1 HEM. Interations. 

4.c Command Balance Verify Capabillty to Change Known Solar Source • Change Content of DAC Through 
the DAC Content in Each Channel Command Option. 
by Ground Command. 

5. Data Mode Temporal Measure the As-Installed Known Solar Source Block and Unblock the Beam into See Note 5. 
Response of the Response Characteristics for Plate to Block the Telescope while Measuring V 

VI Detectors the Detectors. Demodulators Telescope and the Radiometers. Ib 
"0 and Fl1ters. 
r+ 
Ib 

6. Cross-talk Evaluation Measure Cross-talk Known Solar Source Measure V. ~V. R. 6R. AGC See Note 6. 3 
CT and Elimination During All Operations and Ib 
-s Compare with previous results 
N or complete the matrix of Table 
0 5.4.3-l. .. 
..... 
\0 
ex> 
lTI 



TABLE 5.6.1-1: NOTES 

1. Demodulation Phase Setting 

The demodulator synchronization with the chopper requires 

adjustment of the LED-Photo Transistor pairs at the chopper. The finite 

dimensions of the beam through the chopper result in wave shapes from 

the detectors which show near-linear rise times and decay times. The 

optimum setting for the 150Hz and 300Hz to the gas correlation channels 

should place the LED-Photodiode switching signal at the midpoint of a 

rise or decay for the combined frequency wave (e.g., the midpoint on a 

maximum voltage excursion). The HCl channel was intended for such a 

timing reference. The 150Hz for the radiometer channels does not have 

any independent adjustment and is extracted (every other count) from the 

300Hz to provide a 90 degree phase shift from the Gas Correlation 

timing. 

2. Pre-Amp Gain Set and Potentiometer Trim 

The initial settings adjust the gain for the vacuum path 

preamplifier to bring the R signals to their nominal values (4.2 VDC). 

The V signal is then compared with the source temperature. Tests after 

refurbishment will adjust the gain for the vacuum path preamplifier to 

provide a V signal at 70 percent of the AID converter range for an 

exoatmospheric sun input to the telescope. (See Dynamic Range test 

5.9.3.A) 

Revision B 
150 September 20, 1985 



.. 

Table 5.6.1-1 - Notes (Cont'd) - 2 

2-1 The adjustment of the gas channel pre-amplifiers occur with the AGC 

defeated (GCETS AGC switch "off"). The R signal is first brought to 4.2 

volts by adjusting the vacuum path preamplifiers, (nominal telemetry 

toggle of one bit). The ~R signal is then brought to a best value of 0 

(telemetry toggle of one bit) by adjusting the gas path preamplifiers. 

2-2 The adjustment of the trimming potentiometer on each of the Gas 

Channel boards continues with the AGC defeated. The ~V signal is 

brought to a best value of zero (telemetry toggle of one bit) by 

adjustment of the balance potentiometers (Access through holes in the 

GEA) • 

2-3 The gains for the bolometer pre-amplifiers are adjusted to the 

value for V which corresponds to the fraction of one sun input to the 

telescope at the time of the test. The value selected will also account 

for the known local atmospheric effects in the laboratory transmission 

path. 

3. Calibration and Data Mode Operations: 

The following tests become part of any radiometric performance 

verification: 

3-1 ~V Initial Bias Offset, ~V Bias Drift, NEM and ~R at ~V=O: 

After the instrument has performed a balance, measure V, ~V, R, ~R, 

and AGC for up to 45 minutes. Find the best-fit line to the data and 

calculate the standard deviation. The ~V initial bias offset. 

expressed in volts, is the ~V value at balance. The ~V bias drift. 

expressed in volts, is the linear change in the ~V over the time II til 

where t is 3 minutes, 15 minutes, or 45 minutes, as appropriate. 
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Table 5.6.1-1 - Notes (Cont1d) - 3 

The 6V noise, expressed in volts, is the standard deviation for 6V. 

To express these three values in parts per million (ppm), refer 6V and 

V to a common circuit point and divide 6V by V. The measured value of 

6 R at balance is 6R at 6V=0. During the first measurement of these 

three parameters, compute the power spectral denslty of the 6V noise 

and the V noise. Verify the noise is white, not 1/f. Make these 

measurements as a function of the radiometric intensity into the 

telescope. 

3-2 Calibration Wheel 

Balance the GFC channels. Rotate the calibration wheel to the 

first filled position. Record V, 6 V, R, 6R and AGC for 2 minutes. 

V and 6V should reach a steady-state value 3 seconds after gas cell 

insertion. R, 6 Rand AGC should not change due to the insertion of a 

neutral density filter or of a gas cell. Changes in R, 6R and AGC 

indicate solar into blackbody cross-talk (see 6 below). Repeat these 

steps for the remaining calibration wheel positions. 

4. AGC Loop Tests (Part of General Radiometric Performance) 

For the AGC Loop Time Constant: Balance the GFC channels and allow V, 

6 V, R, 6R and AGC to reach a steady state value. Add (TBD) counts 

to the value in the balance DAC and continuously record V, 6V, R, 6R 

and AGC until they reach new steady-state values. Calculate the AGC 

Loop Time Constant. Verify that the time constant for all four AGC 

loops is 20+2 seconds. Continue to execute the balance command until 

the balance algorithm brings 6V=0. Record the number of iterations 

required to bring 6V=0 to within the one NEM tolerance. Exercise the 
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Table 5.6.1-1 - Notes (Concluded) - 4 

command balance capability as the means to place a value in the DAC for 

each for the four AGC circuits. 

5. Data Mode Temporal Response (Part of General Radiometric Performance) 

Measure the V signals and broadband radiometer signals as a plate 

is rapidly removed from in front of the telescope. The voltage profile 

will be a convolution of the detector response time and the 0.91 Hz 

filters at the output of the demodulators. The operation of the Cal 

Wheel should provide equivalent measurements for the 6V channel. 

6. Cross Talk 

For the gas channels use the data acquired in all earlier testing 

to calculate the correlation between the following pairs of signals. 

For Each GFC Channel 

6 V and V 

V and R 

V and 6 R 

V and AGC 

6R and R 

Rand AGC 

For all other channels: 

For Each Pair of 6V Signals 

6 V NO and 6 VHF 

6 V NO and 6 V CH4 
6 V NO and 6 V HCl 

C:. V CH4 and 6 V HCl 

C:. V CH4 and 6 VHF 

C:. V HCl and 6 VHF 

Compare the measurements obtained from tests and complete the 

matrix shown as Table 5.4.3-1. 
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5.6.3 

5. Power spectral density analysis of the noise. 

6. Plate to block the telescope for SIN measurements and 

temporal response test. 

Test Sequence 

Power-on the instrument and the source blackbody. Allow reference 

blackbody and the solar source blackbody to stabilize in temperature before 

making radiometric measurements. Balance the four GFC channels before 

acquiring data in the calibration and data mode operation. Perform the tests 

in the order given in Table 5.6.1-1. A brief discussion of how to implement 

some of the tests is contained in the notes to Table 5.6.1-1. 

5.6.4 Procedures Required 

In addition to the procedures required for the initial power up 

(Section 5.5), procedures will be required for: 

A. Demodulation Phase Setting 

B. Pre-Amp Gain Setting· 

C. Calibration and Data Mode Operations 

5.6.5 Data Retained for Records 

Retain the data required to satisfy the objectives of the tests 

given in Table 5.6.1-1. Detailed lists of data will be included in the 

procedures. Where appropriate, the list will specify the required equipment 

calibration data and the laboratory conditions (temperature, pressure, and 

humidity). As before, redline procedures and drawings as appropriate to show 

additional testing or to indicate hardware modifications necessary to set 

gains, to set demodulator phase, to eliminate excess noise, or to reduce 

cross-talk. 
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5.7 

5.7.1 

Characterization Tests 

Objectives 

These tests are performed one time only in this configuration. The 

specific elements evaluated and characterized are: 

A. Measurements of empty gas cell bias effects before cell filling. 

The data will provide a base-line in support of the subsequent gas 

response test. 

B. Measure the polarization sensitivity of the optical system. 

C. Measure the balance linearity of the instrument, as any effect of 

solar intensity on the V, and the ~V measurements. 

D. Measure the Instantaneous field- of-view for each detector and 

verify the matching of fields for the gas channel detector pairs. 

E. Measure the out-of-field (OOF) rejection characteristics of the 

telescope and optical system (Off Axis Rejection). 

5.7.2 The general configuration remains as shown in figure 5.1-2. 

Auxiliary elements required for support of their tests include: 

A. Radiation Stimulus Test Set (RSTS) set up to permit insertion 

of gas cells without vignetting. 

B. Empty gas cells. 

c. Polarizers mounted to provide a preselection for the plane of 

polarization. 

D. Slit, mount for slit, and technique for scanning slit across 

the field stop image for the IFOV matching and IFOV measurement 

test. 

E. Knife-edge, mount for knife-edge, and technique for scanning 

knife-edge across the field stop image for the IFOV and 

power/balance linearity measurements. 
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5.7.3 Test Sequence 

Power up the instrument and the solar source blackbody. Allow the 

on board reference blackbody and the solar source blackbody to stabilize at 

temperature before making radiometric measurements. Balance the four GFC 

channels before entering the data mode. Perform the tests in the order given 

in Table 5.7.3-1. A brief discussion of how to implement some of the tests 

is contained in the notes for Table 5.7.3-1. 

5.7.4 Procedures Required 

In addition to the startup and equipment operating procedures 

employed for previous tests, the procedure for calibration and data mode 

operatlon will be expanded to include a sequence for: 

5.7.5 

A. Insertion and measurement of empty gas cells. 

B. Insertion and rotation of the polarizer. 

C. Traversing the knife edge and the slit across the field-of-view. 

D .. Out of field rejection measurements. 

Data Retained for Record 

Retain the data required to satisfy the objectives of the tests 

described in Table 5.7.3-1. Detailed lists of measurements and data will be 

included in the procedures. Where appropriate, the list will specify the 

required test equipment calibration data and the recording of laboratory 

conditions (temperature, pressure, and humidity). As before, modifications 

to procedures or drawings will be included to show additional testing or to 

indicate hardware modifications. 
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TEST NAME 

1. Empty Gas Cell Bias· 

2. Polarization 

3. Balance and System 
Linearity 

4. Fie1d-of-View Match 

5. Out-of-Fie1d ReJection 

( ( 

TABLE 5.7.3-1. TEST CONTENTS FOR RADIOMETRIC EVALUATION AND CHARACTERIZATION 

TEST OBJECTIVE 

Measure the Radiometric 
Response to the Auxiliary 
Gas Cells Prlor to Filing. 
(Radiometric Finger Prlnt) 

Measure the Sensitivity of 
the Gas Correlation Channels 
to Change in the State of 
Polarization. 

Measure the effects of a 
linear change in solar 
intensity for the V signals 

Verify a Common Fie1d-of.View 
for All the Channels and 
Measure the Mlsmatch 
Between the V vac and V gas 
for Each of the 4 Gas 
Correlation Channels. 

Measure the Radiometric V and 
~V Signals as a Function of 

Off-Axis Radlation. 

SPECIAL 
EQUIPMENT 

Precise Position 
of Cell in RSTS 
• Known So 1a r 

Source 
• Known Lab 

Environment 

Rotatable 
Polarizer 
Compatible with 
the Dimensions 
of the Beam. 

Knife Edge 
attenuator 
positioned in beam 

Slit Source 
Traversed. 

Small Angle 
rotatlon of the 
telescope 
relative to the 
beam. 

TEST ACTION 

Insert the Cells into the RSTS 
and Measure the Response for All 
Radiometric Channels (12 Total) 
Cells Measured in Posltions and 
and Combinations Intended for Gas 
Response Test. 

COMMENTS 

See Note 1. 

Insert the Polarizer into the RSTS. See Note 2. 
Measure all Radiometric Channels 
Including ~V as the Plane of 
Polarization is Rotated. 

Knife edge scanned across field See Note 3. 
stop to produce intensity changes 
at detectors. Measure radiometric 
responses as a function of positlon • 

Illumlnate with a Sllt 10% of 
Aperture Area. Move slit across 
stop field. 
Outputs of All Detectors and ~V. 

Telescope Fully Illumlnated with 
Col11mated Solar Beam. Telescope 
rotated relative to beam 
equivalent to a movement 
around the second baffle. 
Measure radiometric V and /:}V. 

Test has 2 cases: 
Vertical Sltt with 
Horizontal Scan and 
Horizontal Sltt wtth 
Vertical Scan. See 
Note 4. 

Test limits 
Defined See HALOE· 
13-054B Out-of-Fteld 
ReJection. 

• The operation of the RSTS in the beam will be verified experimentally before proceeding with these tests. Capability to insert cells 
polarizers. etc. will be shown • 



TABLE 5.7.3-1. NOTES 

1. The means for inserting the empty cell into the beam must provide 

both precise and repeatable positioning. The technique must control 

axial location, tilt and rotation. The empty cell measurements require 

a number of insertions and removal cycles to establish the repeatability 

of the data. The number and combinations will be the same as deflned 

for the gas response test (See 5.9 Later, Gas Response Test). 

2. Polarization. The polarization measurements will correlate the 

radiometric signals as a function of rotation angle for the polarizer. 

The analysis of the data wlll survey all measurement for change with 

particular emphasis on the ~V measurements. Any measurable sensitivity 

to polarization will be identified and displayed. (Measurements may 

require monitoring of the GCETS independently demodulated signals V vac 

V·gas and R gas). 

3. Linearity. The linearity measurements must be obtained by 

attenuation of the beam without altering the spectral distribution. 

This is accomplished by a knife edge scan across the field stop; the 

balance measurements will show any change in the ~V signals as a 

function of intensity. 

4. Field-of-view measurements will require traversing the slit across 

the field stop. The scan will include 20 measurements across dimensions 

equal to the fields-of-view centered"about mid-point in the field stop. 
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5.8 

5.8.1 

Characterization for Spectral Response 

Objectives 

The In-band measurements will provide the fine structure 

transmission data and sensitivity for each of the eight channels. 

5.8.2 

A. Radiometer Channels: Measure the relative response to within 

1 percent with a spectral resolution of 2cm-1• 

B. Gas Correlation Channels: Measure the relative response to 1 

percent within a spectral resolution of 1cm-1• 

Facility and Equipment 

The tests are performed in the facility configuration shown in 

figure 5.1-2, with detail modifications as required. The In-band spectral 

measurement will use the purged passage way which enters the clean area 

through the pass-through. A SPEX Model 1702 scanning monochromator will be 

placed into the beam of the IR source and enclosed within the purged system. 

Figure 5.8.2-1 shows the configuration of· the monochromator installation and 

the instrumentation for measuring the beam energy. 

5.8.3 Test Sequences 

The test sequence for in-band measurements of each channel is: 

A. Calibration Scans. A simultaneous recording of the signals from 

the calibration pyroelectric detector, the reference detector, and 

the position (wavelength) of the grating wlll relate the signal 

from the reference detector to the total energy in the beam as lt 

enters the telescope. 

B. Measurement Scans. Three scans across the in-band region for each 

channel while recording the signal from the instrument channel 

detector (or pair of detectors), the signal from the reference 

detector, and the position (wavelength) of the grating. The three 

sweeps are implemented as follows: 
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Figure 5.8.2-1, General Configuration for the Monochromator InstalJatl0n 



5.8.4 

5.8.5 

1. First sweep. Telescope field stop is filled by monochrometer. 

2. Second sweep. High resolution monochrometer exit slit at one 

edge of the telescope field stop. 

3. Third sweep. High resolution monochrometer slit at the other 

edge of the field stop. 

Control Measures and Documentation 

These tests will each use a detailed test procedure. 

Summary of Results and Data for Retention 

Data reduction for in-band measurements will provide: 

1. Calibration Transfer. Plots and correction factors which 

relate the signal from the reference detector to the total 

energy entering the telescope as functions of wavelength. 

2. Spectral Response, Uncorrected Plots. These plots will 
I 

show the signal from each channel detector as a function 

of wavelength. 

3. Relative Spectral Response. Corrections are made to the 

raw data to remove test-setup waveshaping. However, 

corrections will not be made for absorption in the atmosphere. 
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5.9 Dynamic Range and Gas Response Test 

5.9.1 Objectives 

The measurements complete the experimental preparations for 

interpretation of flight data. The tests provide: 

5.9.2 

A. Dynamic Range Test: Determine the gain settings for the V channel 

pre-amplifiers such that operations with full sun illuminations 

will not saturate the input to the multiplexer. 

B. Gas Response Test: Radiometric measurements with known 

concentrations of gases in the beam. Gases are introduced singly 

and in combinations. 

Test Facility and Equipment 

The test facility is restored to the configuration used for the 

empty cell bias test. The general laboratory configuration is shown by 

figure 5.1-2, the particular items to be incorporated are: 

5.9.3 

A. The RSTS is included in the beam with the capability for mounting 

and removing gas cells (See figure 5.1-3). 

B. The purge system is operating and maintaining the atmosphere 

constant throughout the optical path. 

C. A purged enclosure will be available and placed over the 

instrument. 

Test Sequence 

The test sequences repeat operations performed earlier. The two 

. elements are: 

A. Dynamic Range Setting for the Pre-Amplifier. 

The dynamic range setting involves a repetition of the gain setting 

and potentiometer trimming described previously (See 5.6, Table 

5.6.1-1). The potentiometers in the pre-amplifiers for the V 
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channels (all 8) will be adjusted to present a predetermined V 

signal into the multiplexer under specific conditions for source 

illumination and purge control. (The value for the V signals will 

be draw upon calculations from previous experimental measurements.) 

The value will be appropriately conservative (e.g., nominal margin 

15% or 0.7 volts) and relate the response from the detector and 

electronics to the radiant power entering the telescope. The 

preselected V will be based upon relative radiance plus an 

accounting for local absorption effects. Any setting of the V vac 

pre-amplifiers in the gas corelation channels will be followed by 

an appropriate adjustment in the V gas pre-amplifier, and any 

necessary retrim of the board-mounted potentiometer to re-zero the 

D.V Signal 

B. Gas Response Measurements 

The gas response measurements consist of a·systematic insert'~n of 

gas cells into the beam at the RSTS. The cells will be inserted 

and measurements obtained in a prescribed sequence. The selection 

of the specific gases, fill conditions and sequence will be defined 

from an ongoing analysis. The candidate conditions are summarized 

in Table 5.9.3-1 below. 

• 
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TABLE 5.9.3-1. CANDIDATE FILL-CONDITIONS FOR GAS RESPONSE TESTING 

PRIMARY GAS CELLS 

SPECIE 

A-Initial HCl 

B-Final HCl 
(Post 
Refurbishment) 

HF 

CH4 

NO 

03 

NUMBER OF 
FILL CONDITIONS 

3 

6 
4 
1 

5 

8 
1 

6 
1 
3 
1 

1 

5.9.4 Procedures Required 

INTERFERING GAS CELLS 

SPECIE 

N20 

~06 
H2O 2 

NUMBER OF 
FILL CONDITIONS . 

2 

3 
1 

1 

1 
3 
1 

These tests will be performed according to individual procedures; 

however, the content of the procedure will be drawn from previous tests. 

A. Dynamic Range: The procedure will be a modificatlon to the 

sequence developed for pre-amplifier gain set and 

potentlometer trim (See 5.6). 

B. Gas Response: The procedure will be an expansion and 

modification to the sequence developed for the empty gas cell 

bias (see 5.7). 
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5.9.5 Data Retained for Record 

A. Dynamic Range: The records will include the measurements from the 

inputs to telemetry plus confirmation of stability (bias offset, 

drift, NEM) plus the laboratory ambient conditions for the beam 

(temperature, humidity, CO2 content) and the calculations which 

defined the value for the V settings. 

B. Gas Response: Measurements from each point in the matrix will 

be retained as a printout and as annotated tapes. These will 

be subject to further data reduction to support flight 

interpretation. 

• 

Revision B 165 September 20. 1985 



5.10 

5.10.1 

Pointer Tracker Characterization 

Objectives 

The pointer tracker characterization tests provlde the 

measurements which confirm the operation of the system in an assembled 

instrument. The objectives of the test correspond those defined for the 

subsystem (See 4.4-1). 

5.10.2 . Facility and Equipment 

The configuration of the clean room will be modified to include 

the rate table. The rate table location will allow positioning of the 

telescope in line with the purged passage from the laboratory blackbody 

source (See figure 5.1-3) and by rotation allow the instrument to operate 

with the beam from the Heliostat (See figure 5.1-2). 

5.10.3 Test Sequence 

The exact test sequence will be defined from the results of the 

subsystem testing (See 4.4 and 4.5). The summary of tests and measurements 

envisioned for the sequence appears as Table 5.10.3-1. These tests in turn 

will form the basis for all subsequent system tests during environmental 

testing. 

5.10.4 Procedure Required 

The tests will be controlled and executed according to a detailed 

procedure. The procedure will be based upon the sequences utilized during 

previous subsystem testing. 

5.10.5 Results and Data for Record 

The measurements and data generated will confirm the measurements 

from subsystem testing for the parameters and limits defined (See 4.4. and 

Test Requirements, Pointer Tracker Performance.) 
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TABLE 5.10.3-1. POINTER-TRACKER PERFORMANCE AND CHARACTERIZATION TESTS 
~--~----

MEASUREMENT OR INSTRUMENT 

:u 
, (II 

TEST OBJECTIVE OPERATING MODE ACTION COI-tlENT 

'! ;i 1. Slew 
I~ a. Rate Angular Rate for Slew in Slew Gimbals Command Movements from Stow Tests can be in 

::s b. Position Accuracy Azimuth and Elevation Position to Acqulre Position and Conjunction with 
tJj c. Glmbal Range Angular Position at Return Acquisltion Field 

(Hard-Soft limits) Completion a. Rate Measured by Onboard 
(Characterize for Limits) Sensors and by Counter Movement 

of Rate Table 
• b. Positlon at end Measured by 

Onboard Sensors and Independently 
From Table 

c. Commands Cover Full Range of 
Both Gimbals 

2. Acquisition . 
a. Field • Angular Offset Range for Acquire Sun to Command Movement into Solar Tests can be in 
b. Dynamic Range Acquisition of the Solar Disc Coarse Track to Simulation Beam with Preselected Conjunction with 
c. Time in Terms of Solar Intensity Fine Track Angular Offsets in Elevation and Slew 
d. Handshake Error wlth Times Required for Azimuth; Proceed wlth AcquiSltion 

Response a. Angular offsets to Specifica-
(Characterize to Thresholds) tion llmits 

..... b. Solar Intensity to Specifica-
0\ tion limits . ...., 

c. Record Time to Fine Track Mode 
Measurements from Gimbal Position 
and Sunsensors 

3. Tracking 
a. Rate and DynamiC Range Image of the Solar Source Fine Track Command Acquisition and Tracking Perform Over Range 
b. Elevation Track POlnt Maintained in Position While with Rate Table Moving at Pre- of Solar Intensities 

and Error Table Rotates at Rates up to Determined Angular Velocity and Solar Disc Slzes 
c. Azimuth Track Point Maximum. Each axis Measured • Measure Coarse and Fine 

and Error Independently Sunsensor Telemetry 
d. Tracking Point Change (Characterize for limits and • Measure Glmbal Posltions 

(J) e. Pointing knowledge Thresholds) (Telemetry) 
(1) 
'0 • Measure Table Positions 
rt • Measure Table Rates 
(1) 

6- • Compare Table and Telemetry Data 
(1) 

4. Solar Scans "1 

N a. Scan Amplitude Elevation Angular Movements Solar Scan Command Solar Scan Mode with Perform Over Range 
0 b. Scan rate Measured Relatlve to the Solar Rate Table Movlng at Pre- of Solar Intensltles .. Image while Tracking Determined Angular Veloclty 
..... (Characterlze to limits and • Measure Coarse and Flne 
\0 Thresholds) Sunsensors en 
tIl • Measure Glmbal POSltions 

0 Measure Table Posltlon 
Il Measure Table Rate 



TABLE 5.10.3-1 NOTES 

1. Slew 
The angular movements in response to slewing commands can 

proceed in both axes simultaneously, however, only the axis which 
corresponds to the rate table rotation will have independent 
verification of the rate and position. The movements will include 
full ranges of both gimbals and the movements can either end or 
begin with acquistion and track (e.g. slew to stow, or stow to 
acquire). Point by point comparisons of telemetry measurement and 
rate table measurements will show compliance with accuracy and rate 
limits. The measurements wlll include driving the gimbal into both 
the soft and hard limits. These limits will only have selective 
repetltion. 

2. Acquisition 
The acqulsition measurements will include sequences with 

solar movement slmulated by the rate table to include both azimuth 
and elevatlon rates. The dynamic range comparisons will utllize 
neutral denslty filters interposed in the simulation beam and 
nominally consist of minimum, mid-range and maximum conditions. 
The acquisitions will include matching opposite starting points. 
The difference in final positioning becomes the "handshake" error. 

3. Tracking 
Relatlve motion of the solar source will be generated by 

rotation of the rate table at angular velocities corresponding to 
on-orbit conditions. Performance data showing compliance with 
requirements will be extracted from position measurements and 
telemetry from the onboard sensors. Tracking measurements wlll 
include conditions of reduced illumination. 

The shifting of the track point is a change in the 
control software and will require use of the memory update routine. 

4. Solar Scans 
The solar scans will be performed with the rate table 

moving at veloclties comparable with orbltal conditions. The 
measurements wlll lnclude operatlon at reduced illumination levels 
and solar disc sizes. Performance measurements will be extracted 
from comparisons of table postions, gimbal positlons and sunsensors 
indications. 
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5.11 

5.11.1 

Command and Mode Operation 

Objectives 

The command and mode operating test will verify the capability of 

the instrument to receive and execute commands properly. In addition, the 

instrument is sequenced through all of its operating modes. The objective of 

this test is to verify proper instrument functional operation over all the 

command sequences and operating mode sequences. In addition, the minimum 

time between commands will be determined and any improper command sequence 

encountered will be documented. 

5.11.2 Facility and Equipment 

The laboratory configuration is the same as for the 

Pointer-Tracker tests (5.10) and the instrument operates with lllumination 

from the Heliostat. 

5.11.3 Test Sequence 

Perform the sequence of commands and operating modes defined for 

the instrument and verify by operating telemetry. The verification sequence 

will repeat all of the elements defined in Tables 5.5.3-1 and 5.5.3-2 plus 

the execution of the "Sunset" and "Sunrise" sequences described in Tables 

5.11.3-1 and 5.11.3-2. 

5.11.4 Procedure 

The procedure for this test will be compiled from the Initlal 

Power-up (See 5.5), the Pointer Tracker Characterization tests (5.10) and 

the Initial Radiometric Performance Tests for calibration and data mode 

operations (5.6) • 
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5.11.5 Data Retained 

The finalized procedure plus the baseline response data from 

telemetry will be retained for comparison. A command/mode sequence will 

serve as the basic operating procedure for system performance verification 

tests throughout environmental testing. 

TABLE 5.11.3-1. INSTRUMENT OPERATING VERIFICATIONS 
DURING THE SUNSET EVENT 

Sunset Sequence Functional (Discrete "Sunset ll Command) 

• Verify the proper response to the command to slew in elevation to the 
stored acqulsiton position. 

• Verify the proper response to the command to slew in azimuth to the 
stored acquisition position. 

• Verlfy azimuth and elevation of the coarse sunsensor. 

e Verify CSS to FSS handshake. 

• Verify that the azimuth register updates at the proper time. 

• Verify that the solar acquisition is complete. 

• Verify that the instrument balance is executed properly. 

• Verify that the solar scans cycle is executed properly. 

• Verify that the calibration cycle is properly executed (lnclude step 
rate, step position, dwell time) 

• Verify that the gimbals follow the track control law. 

• Verify the proper operation of the event termination sequence 

• Verify slew to "night stow" pOSition. 
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TABLE 5.11.3-2. INSTRUMENT OPERATING VERIFICATIONS 
FOR A SUNRISE EVENT 

Sunrise Sequence Functional (discrete "sunrise" cOll111and) 

• Verify the proper response to the command to slew in elevatlon to the 
stored acquisiton position. 

• Verify the proper response to the command to slew in azimuth to the 
stored acquisition position. 

• Verify azimuth and elevation acquisition capability of the CSS. 

• Verify elevation CSS to FSS handshake. 

• Verify that the azimuth position register updates at the proper time. 

• Verify that the solar acquisition is complete 

• Verify that the gimbals follow track control law. 

• Verify the proper operation of the event termination sequence. 

, Verify that the instrument balance is executed properly. 

• Verify that calibration sequence is executed properly (include step 
rate, step position, dwell time). 

• Verify solar scans are executed properly. 

• Verify slew to day stow position. 
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6.0 INSTRUMENT ENVIRONMENTAL TESTING 

6.1 General Considerations, Instrument Acceptance 

The Instrument Environmental Testing provides the combination of 

performance data and environmental exposures necessary to complete the 

initial acceptance sequence and thereby establish a flight capable system. 

The successful completion of the environmental testing provides the basis for 

proceeding with the refurbishment of the instrument and the eventual 

delivery for spacecraft integration. Figure 6.1-1 shows the sequences and 

general content for each of the individual tests or operations that 

constitute the environmental testing: Table 6.1-1 summarizes the pretest 

requirements, the test protocols and the requirements for the data from each 

test or measurement. Each environment or move between facilities will have a 

performance verification test performed to the level which can assure the 

integrity of the system operation. The in-depth performance evaluation occur 

at the beginning and end of the environmental test sequence. The performance 

verifications which precede and follow each of the principal environmental 

exposures will be performed in the HALOE clean room and utilize the 

laboratory configuration established at the completion of the integration 

tests. The environmental exposures and supporting measurements will be 

performed in special facilities configured for the environment (e.g., screen 

room, shaker, chamber). Each of the tests will be controlled by a detailed 

procedure, however, all procedures will draw upon previous data or related 

test experience. 

The combination of integration and environmental testing generates 

the data base which satisfies the test requirement defined for flight 

acceptance of the instrument. Table 6.1.2 summarizes those requirements and 

identifies the individual test operations which will produce the elements of 

data. 
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:d 6.1-1. SUMMARY OF OPERATIONS PERTINENT TO INSTRUMENT ENVIRONMENTAL TESTING 
~ 
~ Performance Random Vibration ... 

to Concern Ver1f1cation Level I EMC Compatib111ty Magnet1cs Mechan1cal Shock ... 6.2 6.3 6.4 6.5 0 ::s 
tD Precursor or Complete Integration Complete Performance Complete EMC Complete Perfonmance 

Test Result and Command Mode Ver1f1cation Level I Ver1f1cation level I 
Requi red Operat10n 

Test Conf1guration System Test in 1202 System Operat10n in System Operation 1n Instrument/IETS 
plus any Special • GCETS Shielded (screen) Shielded (screen) Portable Rad1ation 
Support • RSTS, Gas Cells Room Room Service 

• S11t Source, Knife • Instrument/lETS • Instrument/lETS • Shaker 
Edge • Portable Rad1at10n • Portable Radiation • Adapter 

• Rate Table Sources Sources Fixtures 
• Heleostat • Rad1at1ng Antennas • Magnet1c F1eld C011s • Accelerometers and 

5 Receiv1ng Antennas • Magnetometers Recorders 
• Input Coils • Pyros 
Ii Monitor Co11 s 

.... 
Procedures • System Testi lETS, System Test System Test System Test '-I 

.J:a Uti lized RSTS, GCETS, Rate * EM Environments * Magnetic F1elds * Random Vibration 
*Ind1cates New or Table, Heliostat and Measurements App11cation and and Mechan1cal Shock 
Single Purpose Item Measurement 

Data Reduction • Telemetry Display • Telemetry Display • Telemetry Display • Telemetry Display 
Support Software • Stat1stical Extracation • Rad1ation measurement • Magnetic Field • Stat1stical Extract10n 

NEM, etc. data record, display, Measurements display e V1bration Shock Data 
• Plot plot and plot Reduct10n for PSD 

(/) Data for Record • Instrument Performance • EM measurements from • Operat10n In F1eld • Instrument Operat10n 
(1) to Specification plus instrument • Generated FIelds • Vibration and Shock "'0 
rt Thresholds and limits • Operation in EM fIelds responses as a function 
(1) of frequency (PSD) 3 
0-
(1) Data Susequent • Data Base for later 8 Validation, • Validation confIrms • Validation of VIbration -s 

Utilization Comparison confirmatIon of compatibIlity with and shock capabIlity 
N EM envi ronments magnetic field a .. envi ronmenta 1 .... condltions/11m1ts 
..a 
co 
U'1 
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TABLE 6.1-1. SUMMARY OF OPERATIONS PERTINENT TO INSTRUMENT ENVIRONMENTAL TESTING (Cont'd) 

:d Performance Verification In-Band Spectral 
~ .. ~ Mass Propertles Thennal Vacuum Level I Evaluation 
III Concern 6.6 6.7 6.8 6.9 .. 
0 ::s Precursor or Complete Performance Complete Performance Complete All Environmental Complete All Tests 
OS Test Results Verification Level 1 Verification Level I Tests 

Requi red 

Test Conflguration Instrument and PEA Instrument/lETS Same as 6.2 Same as 5.8 
plus any Special • Center of Gravity • Thermal Vacuum Chamber 
Support Scale • Chamber Support Fixture 

• Pendulum Rlg for • Solar Simultations 
Inertlas 8 Handling Equipment 

• Rate Table. Momentums 

Procedures * Mass Properties System Test Same as 6.2 Same as 5.8 
Utllized Measurements * Thennal Vacuum .... *Indicates New or Operations 

"'-J 
U1 Single Purpose Item 

Data Reduction Algorithm to extract • Telemetry display Same as 6.2 Same as 5.8 
Support Software C.G. and Inertlas from • Auxiliary temperature 

measurements record. display 
• Statistical Extraction 
• Plot 

Vl Data for Record Welght Center of Gravity, • Operation under vacuum Same as 6.2 Same as 5.8 /l) 

" Inertlas.Angular • Temperature 
" tl) Momentums distribution 
3 measurements 
0-
tl) • Pin puller operation in 
"'1 vacuum 
N 
0 Data Subsequent Instrument integration • Valldation of TV Data for Comparison with Data for Comparison to results .. 

Utilization to UARS environment 6.2 and Interim Level 11 from Initial In-Band (5.8) .... • Update thennal model and Level III Tests 
\0 
co 
U1 



TABLE 6.1-2, SUMMARY OF OPERATING VERIFICATION TESTING 

Test 
Sectlon 

TESTS 

OPeRATING roLES 

POWER ON 
"OW1A.ND (AL WHEEL STEP 

lITO _CAL "''HEEL STEP 
OWWID BALANCE 
lITO BALANCE 

Sl EW TO INITIAL POSITION 
"J)ARSE AZIMUTH 

OARSE &IMUTH AND ELEVATION 
INE ACQUISITION 
RACK 

SCAN 
Sl EW TO STow 
<"UNRISE ~EQUENCE 
(UNSET ::'EOOENCE 

J EMORY UPDATE 
NCAGE lJ IMBALS 
ELESCOPE UOOR PIN PI.l.LED 
EATERS AND HEATER COf'ITROlLERS 

PO I NlERJTRACKER 
FSS DIOD FOV 
!)l EW KATE 
Sl EW POSITION _ACCURACY 

CQUISITION Fov 
CQUISITION DYNAJv1IC KANGE 

ACQUISITION lIME 
SCAN _fV.1PL ITUDE 

RACK R ATE 
RACK p., CCURACY 
RACK IJ YNAM I C RANGE 

\Z TRACK POINT 
OINTING r-.NOWlEOOE 

A:l fRACK lNNAJv1 I C RANGE 
L TRACK ACCURACY 
L TRACK POINT 
L IRACK lNNAMIC RANGE 

fJOINTING r-..NOWlEOOE 
lJIMBAL RANGE 
I ELESCOPE I ~ AI. IGNf·1ENT 
TELESCOPE / ~ !:ORES IGHT !:>T ABILITY 
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TABLE 6.1-2, SUMMARY OF OPERATING VERIFICATION TESTING (Concluded) 

.. 

TESTS 

RADIMTRIC TEST REQUlRErfNTS 

TELEMETRY CHANNEL VERIFICATIONS x 'Xx x xx xx x 
EMOoo. ATOR PHASE SET IMEAS. IX 
~ALOG SIN flEAS. SCIENCE X X 
UYNAMIC RANGE SET-SCIENCE IXIX 'X X 

#:L TIME CONSTANT MEAS. X X X X XIX ,X 
JiOl.AR-TO-REF/ REF-TO-SOl ARCROSSTALK IX -X X IX 
A ATAV = U 
A TO AV CORRELATION IX X X ~ X ~ ~ ~ 
A EM ') X X IX X 
6 lAS OFFSET X X X X X X IX IX ~ ,~~ X IX X 
A ~IFT 

iODULATION ~:r ALE FACTOR x 
ODl1.ATION SCALE FACTOR REPEATIBIUTY x 
ODULATION E lAS t.RROR-{.AL WHEEL X X x 

CHANNEL PRECISION IX X X 
AL HEEL AS CELL REPEATIB IUTY X 
AL HEEL III FILTER REPEATIBILITY 
AL HEEL )WELL TIME f.. .. 
EMPORAL HESPONSE IX XIX 

Et1PTY _CELLBIAS TEST SETUP SENSITIVIT IX 
:MPTY CEll MODULATION BIAS IX 
hAS RESPONSE IX IX 
IJOI. ARIZATION RESPONSE rx 
KAlANCE VS INTENSfTY IX IX fI. 

INEAAITY IX X fI. 

rOY PJ. L CHANNELS X 
ur-OF~IELD RESPONSE 

f- ,FOV MATCHING AU CHANNEL S IX 
-N-BAND SPECTRAl RESPONSE IX 
ur-QF-BAND SPECTRAL RESPONSE 

:ROSST At K, SYSTEM 1 EVEl IX IX IX 
EMPORAL RESPONSE 

, IX 
NSTRUMEr'lT SELF-EMISSION, IR IX 

SOl AR REJECTION X lX_ 
RADIATIVEICoNOJCTIVE EJ11 EMfslSUsCEPT IX X 
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6.2 

6.2.1 

Performance Verification Test (Level I) 

Objectives 

The Performance Verification Tests Level I, represent a 

comprehensive exercise of the instrument through all operating modes and 

on-orbit functions plus radiometric and pointer tracker measurements that 

show compliance with specification defined limits, tolerances or statistical 

distributions. The specific objectives make a continuing confirmation or 

verification of measurements covering: 

A. lETS turn-on of the instrument and applicatlon of regulated power 

to all non-pointer/tracker subsystems and electrical components 

such as heaters, thermistors, etc. 

B. lETS control which can switch the instrument through the sequence 

of operating modes. 

C. Data handling compatibility with all input signals and lETS 

compatibility with all instrument telemetry data processing and 

data formatting requirements. 

D. lETS decommutation of telemetry to provide usable data and 

measurements. 

E. The radiometric performance measurements required for acceptance. 

F. The pointer/tracker performance measurements required for 

acceptance. 

6.2.2 Facilities and Equipment 

The performance verification testing will utilize the clean room 

configuration established at the end of integration testing (See figure 

6.2.2-1). The principal features become: 
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6.2.3 

A. The assembled instrument will be mounted on the rate table, 

fixtures will permit rotation about the azimuth and in elevation 

axes (instrument can be shifted 90°). The handling fixtures will 

be in-place and available. 

B. The lETS and rate table control systems will be installed in the 

preclean room. 

C. Radiometric tests will be performed with the azimuth axis vertical 

and have the telescope aligned with the beam from the laboratory 

source. The RSTS will be used during portions of the radiometric 

tests (See Figure 5.1-3). 

D. Pointer/tracker measurements will use the heliostat (or solar 

simulator) with the instrument oriented azimuth axis vertical and 

elevation axis vertical. 

E. Auxiliaries in the clean room will be retained as during 

integration testing (e.g., GCETS, oscilloscopes, meters, etc.) 

Test Sequence 

The test sequence will represent an integrated combination of the 

steps and measurements exercised during instrument integration as a 

comprehensive end-to-end operation. The measurements anticipated as elements 

of the sequence appear summarized as Table 6.2.3-1 with the radiometric and 

pointer tracker measurements integrated for a IIbest use ll of time available. 

These tests form the base for the less comprehensive performance 

verifications performed in conjunction with moves or environments. level II 

Performance Verifications are summarized in Note 1; level III Performance 

Verifications are summarized in Note 2: 
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MEASUREMENT 

1. START-UP AND INITIAlIZE 

a. Power up lETS and Verify 
Software 

b. Verify Test Support Items 
Operating 

( 

TABLE 6.2.3-1. CONTENTS OF THE PERFORMANCE VERIFICATION TESTS LEVEL 

METHOD SOURCE-REFERENCE OR COMPARISON 

a.--ApplY-PoWer to the lETS and Exercise 
Interllal Monitor Capabilities_ 

b. Apply Power to External Items, Verlfy 
Operation 

a. See Initial Power-up (5.5), 
and Command Mode Operation (5.11) 

( 

c. Apply Power to Instrument and c. Apply Power to Instrument and Monitor 
Telemetry for Response. Verify Memory 
Locations for Correct Values 

~ 
(X) 
~ 

C,/) 
CD 
"0 
rt 
CD 
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C" 
CD 
-S 

N 
o -... 
...... 
I.D 
(X) 
U1 

2. 

Verify Software 

d. Verify Operating Equillbrium 
Conditions 

COMMAND/TELEMETRY 

a. Update Memory Locations 
Sunset/Sunrise Sequence 

b. Exercise Pulse Commands, 
Verify Operation 

c. Exercise Sunset Sequence 

d. Exercise Sunrise Sequence. 

~~"f<'J.. ..... -'t'.--_\.GJ;. .. ""-"-J ~-,,~~'>,jc ...... r.~~~ __ ~~ .. r 

d. Verify Equillbrlum Temperatures, 
Power Status and Frequencies 

a-b. Memory load by lETS, Verify by 
Telemetry 

b. Temperatures for TECs, Blackbody, 
Voltages and Current Steady. Chopper 
Wheel Speed, Clock Frequencies 

a. See Command Mode Operation 5.11 

b. Note: Live Pyros are disconnected during 
during Checkout Phase of Testing 

c-d. Instrument acquires Heliostat or Sunsensor c-d. See Command Mode Sequence, 5.11, 
Solar Simulator, Radiometric Data are 
indications only Telemetry Confirmation of 
each step. 
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TABLE 6.2.3-1. CONTENTS OF THE PERFORMANCE VERIFICATION TESTS LEVEL I (Cont'd) 

MEASUREMENT 

3. RADIOMETRIC MEASUREMENTS 

a. Perform Balance mode Measurements 
to Verify the TIme Constant for 
the AGC LOOPi the Command Capability 
to load the DAC, and the number of 
interations needed for the balance 
algorithm to brIng ~V~O. 

b. Execute a Calibration Sequence for 
all Channels Wh,ch Measures the 
Movements, tIming and.response 
for all channels to all the elements 
in the wheel. Review for cross­
talk effects. 

c. Data Mode Steady State Performance 
verification. Determine: 

OR when C.V ~ 0 
~V bias offset drift 
noise and calculate NEM 

d. Data mode operation. interrupted 
beam. Verify temporal response 
and evaluate for crDss-talk 

e. Data Mode Limited Gas Comparison: 
Measure and compare the effects 
from combinations of cells inserted 
in the beam. 

f. Data mode measurements wIth RSTS 
out of the beam. 
Verify the radiance. lInearity. 
and field-of-view match. 

METHOD 

a. Execute Balance Sequences by Both 
Command and AlgorIthm Mode. Measure 
RadIometric Channels and times to reach 
Equ1librlum. 

b. Execute the CalibratIon Commands. Measure 
Outputs. 

c. Enter data mode .and record V ,0 V. R. A R 
and radIometric outputs for periods of 
3. 15 and 45 mInutes. 

d. Block and unblock the beam Into the 
telescope. Measure V. ~ V. R. 0 Rand 
output of radiometers. 

e. Insert a series of gas cells into the beam 
while operating steady state in the data 
mode. 

f. Measure V.AV. R. C. R dUrlng a knIfe edge 
scan of the beam. Measure V and A V during 
the traverse of a Slit across the fIeld 
of view. 

SOURCE-REFERENCE OR COMPARISON 

a. Test Repeats InItIal Rddiometrlc Measure­
ments. see 5.6. (Note: Algorithm 
balance IteratIons performed during 
post refurbishment testIng only). 

b. Test Repeats InItIal RadIometrIc Measure­
ments for the OperatIon of the CalibratIon 
wheel and evaluation for cross-talk 
effects. 

c. Test repeats InItial Readlometrlcs for 
steady state operation. 

d. Repeat temporal response test from 
InItIal Radiometrics 

e. Test IS a partial repeat of the gas 
comparison sequence (see 5.9). CombIna­
tIons for test will be selected after 
InItial sequence. 

f. Test repeats radIance linearity and fIeld 
of vIew match. see 5.7. 
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TABLE 6.2.3-1. CONTENTS OF THE PERFORMANCE VERIFICATION TESTS LEVEL I (Cont'd) 

MEASUREMENT 

4. POINTER/TRACKER MEASUREMENTS 

a. Measure slew rates position 
accuracy and gimbal range. Verlfy 
hard and soft llmlts. 

b. Verify required performance with 
low intensity source for acquisi­
tion field, time and handshake 
error. 

METHOD 

A. Command movement and measure. 

b. Execute acquire sun with coarse and fine 
track at solar lntensities that include 
lower design limit. 

c. Verify tracking in both aZlmuth and c. Execute fine track mode operation. 
elevation at solar intenslty levels 
WhlCh include design limits. 

d. Verify rates and amplitude for 
solar scans that lnclude 
intensities at lower design limit. 

d. Execute solar scan while tracking in both 
azimuth and elevatlon. 

• 
f 

SOURCE-REFERENCE OR COMPARISON 

a. Test repeats ·slew· portion of pointer/ 
tracker characterization. See 5.10. 

b. Repeat acquisition portion of character­
lzation test (see 5.10). Extend to 
thresholds. 

c. Repeat lower intensity and changes in 
solar dlSC size measurement from 5.10. 

d. Repeat portions of measurements from 5.10 
which lncludes lower design intensltles 
and changes to solar disc. 



Table 6.2.3-1 (Concluded) 

NOTE 1. CONTENTS OF PERFORMANCE VERIFICATION TESTS TO LEVEL II 

1. Start up and Initialize: Repeat as for Level I 

2. Command Telemetry: Repeat as for Level I 

3. Radiometric Measurements Using the Portable IR Source: 
a. Balance Mode: Repeat as for Level I. 
b. Calibration Sequence: Repeat as for Level I. 
c. Data Mode-Steady State: Repeat for Level I. 
d. Data Mode Interrupted Beams: Repeat as for Level I. 
e. Data Mode Gas Comparison, Radiance Linearity, Field of View: 

Omlt 

4. Pointer-Tracker Measurements; Portable Source, No Rate Table 
a. Slew rates and glmbal range: Command and monitor by telemetry 
b. Aquisltion, time, field, handshake error: Command into field 

and acquire, Intensities to lower specification limit 
c. Tracking: Omit 
d. Solar Scans: Perform at solar intensities including lower 

specification limit. 

NOTE 2. CONTENTS OF PERFORMANCE VERIFICATION TESTS TO LEVEL III 

1. Start.up and ;n;t;alize~ Repeat as for Level I 
2. Command Telemetry: Repeat as for Level I 
3. Radiometric Measurements using Portable IR Source: 

a. Balance Mode: Command balance only 
b. Calibration Sequence: Measurements for trending comparison 
c. Data Mode Steady: Perform for 3 and 15 mlnutes only; 

Data for trending. 
d. Data Mode Interrupted Beam: Measure temporal response for 

trending comparlsons. 
4. Pointer-Tracker Measurements using a portable source; No Rate 

Table 
a. Slew Rates and Gimbal Range: Command and monitor by telemetry 
b. Acquisition time, field, handshake error: Command into field 

and acquire, one solar intensity only 
• c. Tracking: Omit 

d. Solar Scan: Perform·at one solar intensity • 

• 
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6.2.4 Procedure Required 

The performance verification tests will utilize a procedure 

compiled from previous results and experiences. The same procedure wlth 

modifying options as necessary will control all of the repetitions for the 

instrument. The list of control documents fo~ the performance verification 

test becomes: 

A. The system test procedure for the instrument 

B. The lETS op~rating instructions 

C. The rate table operating instructions 

D. The heliostat and blackbody source operating instructions 

E. The RSTS operating instructions 

F. The GCETS operating instructions 

6.2.5 Data for Record 

The data for record will consist of the validated system test 

procedure supplemented by telemetry data which shows: 

A. Power up and initialization 

B. Flight software verification 

C. Sunset sequence functional operation 

D. Sunrise sequence functional operation 

E. Radiometric performance 

F. Pointer/tracker performance 

G. Power down and shut-off 
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6.3 Electromagnetic Compatibility Tests 

6.3.1 Objectives 

6.3.2 

A. Measure the radiated emission from the instrument and show a 6db 

margin below the limits defined for the UARS. 

B. Measure the conducted emissions on the UARS interconnections and 

show a 6db margin below defined limits. 

C. Demonstrate the radiated susceptability margin by operating 

successfully during an illumination by RF fields equal to the 

shuttle bay environment. 

D. Demonstrate conducted susceptability margin by operating with RF 

interface riding on the UARS interconnects at levels 6db above the 

defined environment. 

Facility and Equipment 

The electromagnetic compatibility measurements will be performed 

in a shielded" room (LaRC Bldg. 1299) with provisions incorporated to 

maintain cleanliness of the instrument. Radiation sources for the telescope 

and sunsensor will utilize portable slmulators (PRSTS). The lETS/Instrument 

System will utilize simulators for the pyro-initiators which will have the 

capability to monitor induced currents. The test-particular items will 

include equipment to provide: 

• 

1. Detection and measurement of radiated emissions over the 

frequency range 10KHz to 18GHz by means of antennas, detectors, 

and spectrum analyzers. 

2. Detection and measurement of conducted noise over the frequency 

range 20Hz to 60MHz by means of sensing coils, detectors, and 

spectrum analyzers. 
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6.3.3 

3. Signal generators, amplifiers, antennas, and input coils to be 

used with control equipment for generating or irradiating 

electromagnetic noise over the frequency range 14KHz to 20GHz. 

Test Operations and Test Sequence 

The test begin~ with Level III performances verification (See Table 

6.2.3-1 Note 2) and then proceeds with four principal measurements or 

operating evaluations; the applied environments and limits for self generated 

EMC effects are contained in Test Requirements HALOE-13-054A (see Section 

3.B.1 - Electromagnetlc Compatibility). 

A. Instrument Radiated Environment Measurement. The electromagnetlc 

radiation environment of the operating instrument wlll be measured 

and recorded over the range 10KHz to 1BGHz at band widths as 

specified. The result will be compared with requlrements for 

compliance. The radiated levels at each frequency which will be 

used to show compliance, will represent the worst case operatlng 

condition for emissions at that frequency. The compliance data --presented is expected to represent a mosaic of operating modes 

across the frequency spectrum (e.g., sources from stepper motors, 

clocks, telemetry, etc.). 

B. Instrument Conducted Emissions at System Interconnects. The DC 

power leads which interconnect the instrument and the lETS will be 

instrumented to measure noise content riding on the power llnes. 

Noise will be measured narrow-band and broad-band while the 
1 

instrument operates in all modes. The measurements will be 

compared against requirements. 
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6.3.4 

C. Shuttle Bay Radiation Environments. Since the radlation 

environment in the payload bay exceeds the conditions associated 

with UARS flight, the instrument will be subjected to the 

environment in both the survival and operating (data taking) modes. 

The demonstration of an operating capability undisturbed by the 

radiation environment will provide verification of shuttle 

compatibility and operating margin against the on-orbit conditions. 

D. Conducted Susceptability. The instrument will be operated in all 

modes while subJected to conducted interferences at levels 6db 

above the limits defined for the UARS. 

Documentation and Controls 

The test will be controlled by procedures which describe instrument 

operation and electromagnetic environment applications. Procedures will 

include: 

6.3.5. 

1. Specific sketches and instruction for the test set-up and 

interconnection. 

2. Instrument System Test Procedure which has been appropriately 

modified. 

3. EMI/EMC facility and equipment operating procedures. 

Summary of Data 

Data for record will include: 

A. Radiated emission levels shown in terms of frequency as measured, 

with broad-band and narrow-band measurements superimposed upon the 

limit definition curves. The curves will be annotated to identify 

the operating modes of the instrument which produced maximum noise. 
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B. Conducted emission measurements, both broad-band and narrow-band, 

superimposed upon the limit definition curves. The curves will be 

annotated to identify the operating mode which produce maximum 

noise • 

. C. Radiated compatibility measurements of fields applied, and 

annotated records from telemetry showing no changes. Data will be 

supplemented by current measurements from initiators or 

pyro-simulators recorded during the exposure. 

D. Conducted compatibility showing measurements of noise injected onto 

the interconnecting lines with annotated records from telemetry 

showing no changes • 

•• 
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6.4 

6.4.1 

A. 

Magnetic Field Compatibilities 

Objectives 

Show an undegraded instrument operating capability in the presence 

of a 2 gauss field plus an unperturbed operating capability after 

an exposure to a 35 gauss field. 

B. Show an operating compatibility with the magnetic field conditions 

presented by the UARS magnetic torquer elements. 

C. Verify the self-generated magnetic field has a measurable margin 

below the dipole moment and intensity limits defined for the UARS. 

6.4.2 Facility and Equipment 

The testing will continue i~ the shielded room utilized for 

electromagnetic compatibility. The additional items required to measure the 

effects of magnetic field include: 

6.4.3 

1. Magnetic field coils capable of applying 35 gauss steady state 

over the entire instrument. The coils will have control which 

will permit any intermediate level as required (e.g. 2 gauss). 

2. Electromagnets to simulate torquer effects. Magnets must have 

the capability to produce a local field in the vicinity of the 

instrument up to a level of five gauss. (Position of the 

instrument assures a minimum distance of approximately three 

feet from the closest torquer magnet). 

3. Instrumentation for measuring and recording magnetic field 

intensities. 

Test Content 

The magnetic effects sequence begins with a Level III Performance 

Verification (See Table 6.2.3-1 Note 2). The conduct of the magnetic 

compatibility measurements recognizes the limited quantities of ferromagnetic 
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materials within the instrument and the designed-in requirement for 

shielding. The test presumes an insensitivity to magnetic field effects, and 

will consist of showing an operating capability with an applied field up to 

35 gauss followed by a mapping of the residual fields from a moving 

instrument. 

A. Operation in an Applied Field 

The instrument will be brought into an operating mode ready to 

receive a sunset command. A field level of two gauss will be 

applied and the instrument cycled through a sunset event with 

telemetry data monitoring motions, cal wheel operations and 

particularly the noise parameters (initial bias, bias offset, 

drift, NEM). The field will be reversed and the sequence repeated. 

Upon completion the same sequence will be repeated with fields 

applied in five gauss steps up to a maximum of 35 gauss. 

B. Residual Field Mapping 

Magnetometers or eq~ivalent low intenslty field measurement 

instruments will be mounted 180 degrees apart in a horlzontal plane 

through the elevation gimbal axis at a distance which clears the 

end of the telescope by 24 inches. The instrument will be 

operating and slewed 180 degrees in azimuth while executing a 

sinusoidal motion in elevation. The residual magnetic field will 

be measured during the motion and recorded as a function of gimbal 

. position (two magnetometers will provide 360 0 coverage). 

The mapping will continue for magnetometers placed at the same 

radial distance at 45 0 above and below the horizontal plane swept 

by the axis of the elevation gimbal. The measurements will be 

reviewed for compliance with requirements. If additional data 
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6.4.4 

6.4.5 

appears necessary, the traverses can be completed at ±30°, ±60° and 

+90° from the plane. 

C. Optional Measurement for Local Field Effects (Torquer Magnets). 

A review of the instrument position on the UARS relative to the 

locations defined for the torquer magnets will establish the 

anticipated operating environment in terms of field intensity and 

direction. These data wlll define the positioning and excitation 

conditions for the laboratory electromagnets to establish 

equivalence. The instrument will be operated within that fleld and 

optionally, repeated at field strength two times anticipated 

levels. 

Documentation and Control 

The magnetic measurements will be defined and controlled by a 

combination of two procedures. 

A. Instrument operation; control from the system test procedure 

selectively edited for these tests. 

B. Application and control of fields; defined and controlled by a 

facility operating procedure containing instructions for the 

application of fields and the measurements of fields. 

Data Retained for Record 

The data retained for record will include: 

A. Annotated tapes showing an unperturbed instrument operation in 

applied fields from 2 to 35 gauss. 

B. Measurements From External Field Traverses showing either: 

Compliance by indication of maximum condition points below 

0.1 gauss (Direction of Field correlates to less than 

2500 pole cm.) 
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u Contour plots of intensity and magnetic field direction. The 

selection of presentation will be determined after the traverse 

data has been obtained. 

C. Option Requirement 

Annotated tapes showing unperturbed instrument operation in the 

presence of torquer magnetic fields. 
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6.5 

6.5.1 

Random Vibration and Mechanical Shock Tests 

Objectives 

The random vibration and mechanical shock environments for the 

instrument corresponds to the launch conditions within the payload bay of the 

shuttle; the instrument does not operate during either environment. Pre-and 

post-test performance measurements will confirm the capability to withstand 

the environments. The objectives of the test are to: 

6.5.2 

A. Conduct vibration and mechanical shock tests in all 3 axes to 

verify instrument structural integrity. 

B. Make dynamic response measurements at locations within the 

instrument to verify that components mounted at these locations 

have been qualified to the appropriate levels. 

Test Equipment Facilities 

The vibration and shock tests will be conducted on the 

electrodynamic shaker installation in Building 1250, LaRC. The fixtures 

required for the test consist of interface plates to accommodate the bolt 

circle at the bottom of the instrument adapter and the attachments 

to the slip table for the shaker. The two horizontal axes (parallel to the 

mainframe and parallel to the axis of the elevation gimbal) require bolting 

the instrument and interface adapter directly to the slip table. For 

excitation parallel to the azimuth axis, the instrument bolts to an auxiliary 

fixture on the slip table and is shaken on with the azimuth axis horitontal 

(See figure'6.5.2-1) 

Instrumentation will consist of triaxial accelerometers located at 

critical points within the system. A triaxial accelerometer at the 

adapter-base interface will be used to control the environment. 
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Pretest preparation and post test evaluations will employ the small 

clean room facility within Building 1250 (adjacent to the Vacuum Chamber). 

The lETS will be emplaced to support electrical operation, the portable 

radiation sources will be used. 

6.5.3 Test Operations 

A. Performance Verification to Level III conducted as outlined by 

Table 6.2.3-1 Note 2. 

B. Instrument Preparation 

1. Replace the GEA wlth a mass simulator (GEA will not have 

flight configuration component placement or conformal coating.) 

2. Install the triaxial accelerometers, (presently envisioned 

at the base, elevation gimbals, GEA, telescope, and 

preamplifier radiators). 

3. Install the flight pyrotechnic pin pullers at the telescope 

door and at the locations for caging the gimbals. (Observe all 

safety rules for pyro handing and lead dress.) 

4. Mount and bag for test using double bags with provision for 

GN2 purge. 

5. Transport to the vibration test facility. 

B. Test Exposures 

1. The mounting plate is installed on the shaker and the 

accelerometer leads connected. 

2. The environments are applied one axis at a time. The 

Revision B 

vibration and shock conditions are as defined by test 

requirements (HALOE 13-054 See Sections 3.8.3, 3.8.4). The 

shock pulses (2 each axis) will be applied after completing the 

random vibration. 
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3. A real time data reduction of the control axis accelerometer is 

performed to confirm the power spectral density input profile 

and the shock input profile. 

C. Post Test 

6.5.4 

6.5.5 

1. The instrument will be returned to the clean room, the bags 

removed and the GEA reinstalled. 

2. A performance evaluation test to Level II will be performed and 

include the firing of all pyro devices. 

(See Table 6.2.3-1, Note 1) 

3. The remaining accelerometer responses will receive a power 

spectral density analysis for each exposure. 

Controls and Documentation 

In addition to the system operating procedures for Performance 

Verification the Random Vibration and shock test will follow a special 

test procedure which includes the following items. 

1. Specific definition of the accelerometer installations •• 

2. Detail definition of handling procedures (prevention of 

contamination and protection of pyrotechnic pin pullers). 

3. Definition of the vibration and shock to be applied on each 

axis and safe limits for response of any accelerometer. 

4. Diagram of the test installation for all three axes. 

Summary of Data Retained for Record 

In addition to the performance data records the vibratlon and 

shock test results will be recorded on magnetic tape for each axis 

of testing and include power spectral density analysis plots which 

show: 
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1. The vibration and shock inputs to the base of the instrument 

conforms to defined spectrum shapes. 

2. The response parallel to the excitation throughout the 

instrument falls within the limits established for the 

location. 

3. The off-axis responses are within the limits established for 

their particular location. 
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6.6 

6.6.1 

A. 

Mass Properties Measurements 

Measurements Required 

Weight of the instrument 

6.6.2 

6.6.3 

B. 

C. 

D. 

A. 

B. 

C. 

D. 

E. 

A. 

Center of Gravity for the instrument 

Moments of Inertia about each axis 

Angular momentum reactions for motions in azimuth and elevation 

Facilities and Equipment (Located in Building 1250) 

Three pOlnt scales for weight and center of gravity 

Pendulum Rig, for moments of inertia 

Rate table for momentum reaction (Performed in the 1202 Clean Room) 

Handing and mounting fixtures 

Protective bags 

General Concept for Measurements 

Weight and Center of Gravity 

Accomplish by weighing, use a 3 point suspension with the weight 

recorded at each scale. Determine the center of gravity locatlon 

by balancing of moments. Measure for all three axes. 

B. Moments of Inertia: 

Performed on a pendulum rig that imposes rotation about an axis 

parallel to the axis for measurement. Calculate inertias from 

measured change in frequency and distances from aX1S of rotatlon 

for the pendulum. Perform for all three axes. 

C. Angular Momentum Reactions (To be performed later in the 1202 Clean 

Room) 

Performed with instrument mounted on the rate table. Determine 

momentum from change in position (or rotation rate) of the rate 

table after initiating (or terminating) a motion. 
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6.6.4 Documentation and Controls 

These measurements will be performed in accordance with procedures. 

A. Weight Center of Gravity 

B. Moments of Inertia 

C. Angular Momentum Measurement (Includes rate table operation and 

instrument operation performed later in 1202 Clean Room) 

6.6.5 Data Retained For Record 

The following measurements will be provided to the precislon levels 

defined (See HALOE 13-054, Section 3.7.2). 

A. Weights, for the instrument assembly and PEA 

B. Center gravities for the instrument assembly and PEA 

C. Moments of Inertia, for the instrument assembly and PEA 

D. Momentums during slew, track, solar scan. (Performed later 1202 

Clean Room) 
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6.7 Thermal/Vacuum Testing 

6.7.1 Objectives 

A. Demonstrate the operating capabilities of the instrument over the 

range of thermal vacuum conditions representative of the UARS 

orbit. Measurements will include: 

6.7.2 

1. Measurements of thermal components (heaters, blackbody, and 

TEC's). 

2. Power and current regulation. 

3. All instrument housekeeping, telemetry channels. 

4. Firing of pin pullers. 

5. Radiometric performance measurements. 

6. Pointer/tracker performance measurements to the limits 

achievable without a rate table. 

B. Provide measurements for verifications of the analytlcal lnstrument 

thermal model. 

Test Facility and Equipment 

The thermal/vacuum testing will be conducted in the chamber located 

in Building 1250. Figure 6.7-1 shows the general test setup configuration. 

The pertinent details of the test are summarized as: 

A. Chamber Facility Features. The cylindrical chamber dimenslons are 

8 feet diameter by 15 feet long, lined with LN2 shrouds. The 

moveable door has a 27 inch diameter optica1-qua11ty quartz wlndow 

1 inch thick. 

B. Instrument Support. The test will require an adapter-spacer which 

suspends the instrument from the overhead rail in a manner which 

replicates the UARS installation. The spacer will align the 

optical axis of the sunsensor telescope with the horizontal center 

line of the chamber. 
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6.7.3 

c. Speclal Test Support and Instrumentation. 

1. Test thermistors on the instrument (20) with auxiliary monitor. 

2. Test thermistors (or thermocouples) in the chamber (20) wlth 

facility monitor. 

3. Solar simulators for heat, (external) solar disc for the 

sunsensor, IR source for the telescope (internal). 

Test Operations 

The lETS will be installed at the thermal/vacuum test facility 

for support of this test. The sequence includes the following princlpal 

elements: 

A. Establish the electrical test configuration in the chamber (Level 

III). This activity will exercise the thermistor instrumentation 

system and verify the ability of the lETS to both command and 

receive data from the instrument with the special-purpose chamber 

interconnections in place. At the completion of this operation, 

flight pyrotechnic pin pullers will be installed' in accordance wlth 

safety regulations. 

B. Application of environments. Thermal cycling will simulate the 

hot, intermediate, and cold cases for orbital thermal equll1brlum, 

for a quallfication (protoflight) exposure. The detalls for 

temperatures, times, cycle rates and operating points are defined 

in Table 3.5.7-1. 

C. Functional Testing: All the instrument operating modes will be 

functionally tested. 

D. Pointer/Tracker Performance Measurement. Tests within the chamber 

will not have benefit of a rate table for imposing counter motions. 

However, the pointer/tracker measurements will include: 
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6.7.4 

1. Gimbal uncage pyro firing. 

2. Slews to Position. The instrument will be commanded to 

positions which will include the full range of gimbal motions. 

Telemetry for slew rates and positions will be recorded. 

3. Solar Acquisition: A series of commanded slews will terminate 

in solar acquisition. Acquisition field-of-view, acquisition 

time, and pOlnting accuracy will be measured. 

4. Solar Scans. A series of solar scans will be commanded. Scan 

amplitude and scan rates will be measured. 

E. Radiometric Performance Measurements 

The radiometric measurements will begin with a pyro firing event to 

open the telescope door. The performance measurements to ~e 

obtained are summarized in Table 6.7.4-1 with references to 

previous testing for comparisons of data. 

F. Recovery: At the completion of the thermal vacuum cycling the 

chamber is returned to ambient conditions and opened for vlsual • 

inspection. 

A performance verification to Level III precedes the removal from 

the chamber together with bagging and return of the lnstrument and 

the lETS to the HALOE Clean Room in Building 1202. 

Documentation and Controls 

Procedures required for thermal/vacuum testing include: 

A. Test Configuration Control. A procedure will define the flow of 

events, the test configuration at each phase, and the set-up and 

recovery operations. 

B. Thermal Environment. A procedure will define operation of the 

thermal/vacuum chamber, including temperature profile, equilibrium 

conditions, etc. 
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TABLE 6.7.4-1. RADIOMETRIC MEASUREMENTS DURING THERMAL VACUUM TESTING 

MEASUREMENT 

1. Balance mode measurements include 
time-constant for the AGC Loop by 
command mode operatIon. 

2. Perform a calIbratIon sequence WhICh 
measures the movements, tIming and 
response for all channels to all the 
elements of the wheel. ReVIew for 
Cross-talk effects. 

3. Data mode steady state performancel 
Venfy: 6 R when C, v=o 

c,V bIas offset, drift 
noise and NEM. 

4. Data mode operatIon: 
Measure self emISSIon and verify 
temporal response of detectors. 

METHOD 

Execute balance sequence, measure tIme to 
time to reach equIlIbrium 

Execute the calibration commands while 
monitorIng output. 

Enter data mode and record V, 6 V, R, c, Rand 
and r~dIometer outputs for 3, 15, and 45 
minutes. 

Override the pointIng parameters to slew the 
telescope to a position WhICh pOInts at cold 
shrouds. Measure self emISSIon. Return to 
the solar source, measure temporal response. 

COMPARISON 

Same as for laboratory operatfon. 

Same as for laboratory operations. 

Test is same as for laboratory. 

Modified operating procedure required 
to integrate slews and radiometrIc 
test. 



6.7.5 

C. Instrument Operation. A modified Systems Test Procedure will 

define the instrument tests. 

Summary of Data and Records 

Test results will include: 

1. Chamber temperature and pressure with time. 

2. Test thermistor temperatures with time. 

3. Instrument housekeeping telemetry as a function of time 

(temperature). 

4. Instrument performance telemetry as a function of time and 

temperature. These data will include both the radiometric and 

the pointer/tracker measurements. 

Revision B 206 September 20, 1985 



6.8 Performance Verlfication Level I 

The instrument will receive a performance verification tests which 

repeats the sequences and data obtained at the start of the environmental 

test series (See 6.2). The data will be compared for evidence of change or 

trends. The comparison will be supplemented by data from the Level II and 

'level III operations performed in association with each move or environment. 

6.9 In-Band Spectral Evaluation 

The option will be retained to repeat any previous measurement 

obtained during integration testlng. The decision to repeat will be based 

upon the technical review of the test data. Environmental exposures and 

handling have a recognized potential for causlng changes in the transmission 

characteristics of the narrow band filters. A partial repeat of the In-Band 

Spectral Test (See 5.8) will be performed with the specific measurements 

filters and illumination defined during the review of test data. 
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7.0 REFURBISHMENT TESTING 

The planned refurbishment of the instrument involves the change out of 

optical elements and detectors plus a vacuum bake out to remove potential 

contaminants which could degrade optical performance. The reassembly, 

reverification and characterizatlon of the instrument will require a series 

of tests which match the lnitial sequence for integration and environmental 

verifications. The testing envisioned for refurbishment wlll be procedural 

repeats of previous sequences. Modifications will represent experience 

gained from the initial testing (e.g. incorporate the "redlines") or 

adJustments to levels, durations, etc. During the refurbishment sequence the 

instrument will not experience an environment it has not seen previously. In 

operation the only new element incorporated will be the on-board Automatic 

AGe which wlll require the additional step of counting the iterations to 

achleve a radiometric balance. The testing planned for refurbishment support 

appears ln Table 7-1 as a sequence of tests and the test activity which will 

be repeated. 

Upon completion of the testing and delivery of the instrument for 

integration, test support will consist of limited-scope operations with 

control by means of the lETS or through the UARS itself. Present testing 

envlsioned as support will consist of performance verifications to Levels II 

or III with the option tailored to the particular test opportunity. 
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Table 7.1 TEST SUPPORT FOR REFURBISHMENT 

Action or ActlVity 

1. Align Detectors 

2. Cross-Talk 

Complete Electrical Assembly 

3. Performance Verification to 
Level I II 

Assemble to Optics Head 

Reference to Previous Testing 

Detector Alignment, 5.2, 5.3 

Optical Cross-Talk, 5.4 

Performance Verificatlon 6.2, 
(Pointer-Tracker Portion Omitted) 

4. Pointer-Tracker Characterlzation Pointer-Tracker Characterizatlon 5.10 

5. Cookout 

6. Dynamic Range 

7. Potentiometer Trim 

8. Cal Data Mode Operations 

9. Cross-Talk 

10. Empty Cell Bi as 

11. Polarization 

12. Balance Linearity 

13. IFOV 

14. Out of Fleld Rejectl0n 

15. In-Band Spectral Response 

16. Gas Response 

Install Covers 

17. Electromagnetic Compatibillty 

18. Random Vibration and Shock 

19. Thermal Vacuum 

ReviSion B 

Thermal Vacuum, 6.7 
(Temperature Cycle Modified) 

Initial Radiometrics 5.6 

Initial Radiometrics 5.6 

Initial Radiometrics 5.6 

Initial Radiometrics 5.6 

Radiometric Characterization 5.7 

Radiometric Characterization 5.7 

Radiometric Characten za ti on 5.7 

Radiometric Characterization 5.7 

Radiometric Characterizatlon 5.7 

In-Band Spectral 5.8 

Gas Response 5.9 

Electromagnetic Compatiblllty 6.3 
(Reduced Scope) 

Random Vibration and Shock 6.5 
(FAT Levels) 

Thermal Vacuum 6.7 
(FAT Conditions) 
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20. Mass Properties 

21. Performance Verification 
Level I 

22. Spectral Response 

Revision B 

Mass Properties 6.6 

Performance Verification 6.2 

In-Band Spectral 5.8 
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