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FOREWORD

This document was prepared per item 40C of Contract NAS 5-26400 between
the Goddard Space Flight Center (GSFC), Greenbelt, Maryland, and the
Ball Aerospace Systems Division (BASD), Boulder, Colorado.

It is a compilation of all of the end-item test reports and calibration
data applicable to the Engineering-Flight Unit Serial Number 001 of the
Solar Backscatter Ultraviolet Spectral Radiometer Mod 2 (SBUV/2). Because
of size, this document has been divided into two volumes. Volume I con-
tains the specification compliance data whereas Volume II contains the
calibration data. Reference to the Table of Contents of each volume will
indicate the organization and contents of each document.

Prior to shipment of the instrument, a list of instrument non-conformances
was created in the form of a waiver and submitted to GSFC for approval.
A copy of this waiver (Number SBUV-W-002) is included for information.
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. L] 2
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Ball Aerospace Systams Division, Boulder, Colorado 80306 |° @nmc‘-: G"lJﬂl Dcunu.
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e SYSTDE 49671 IS—-2280259 & IS+2295548
boiTEM GSFC S-480-12
€. TEST PLAN
m\nn-%ngvu a i y T0. CONTRACT N0, & CInC 1108
Walver to Jesign and Performance Requiremen: 2/FLT \ e s 4
Instrument S/N 001 ] Reg E NAS 5-25400, & 11A
WKL‘HE"]‘_ let —— — .:A‘;‘-..no:(.rn‘.co-' q;’;:‘;’;‘: m—
ar J—ter o e Swual . . . “F _
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Refer to Section 5 of TCCR No. 3219.
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23. OESCRIPTION QF OEY!IATION WAILVER

The instrument does not conform to sae of the required design and performance
requirements of the Interface Specifications IS-2280259 and IS-2295548 and the
Instrument Design and Performance Swecification S-480-12. These nan-canformances
are listed in Table 1.

T3, NCED FOR OEVIATION/ WAIVER

The EMU/FLT Instrument S/N 001 is required to be shipped to RFA an 7 Sentember, 1983.
The cut-of-spec conditions listed herein cannot possibly be corrected without major
impacts on program cost and schedule.

23, PWOOUCTION EFFECTIVITY 8Y SERIAL MMBER

S/N 001 Only-

T Sy  TTTRG ACT Ly 11T ORI I1nG SIGRATRE TrTeL
pé ;Zé Logr b5 2753 SBUV/2 Project Manacer

27. APPRQVAL/OISAPPROVAL
[

D APPROVAL RELCIMOTNOLD D APPeOVLD G 315asmeovin
T COVOAGMCNT ACTIVITY SIGNATURT SATL

DD .&.1694 o

viii
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TABLE I

LIST OF EMU/FLT UNIT NON-CONFORMANCES

B6802-78

Request for Waiver No. SBUV-W-002

Measured
No.| Parameter Spec .No. Spec.Ref. Spec. Req'mt. Value Remarks
1 Envelope (Sensor Module) 1S-2295548 Para. 3.2.1.1 See Fig's 1&2 See Fig's 1&2
2 Power, Orbital Avg. 1S-2295548 Para. 3.1.3.1 12.0 Watts 12.1 Watts
3 Peak Current 15-2295548 Para. 3.1.3.1 0.93 Amp 1.265 Amps
4 Conducted Bmissions 18-2295548
e Fundamental Ripple Freq. pPara. 3.1.3.2.6.1 | 30 KHz ~ 100 KHz
e +28V Telemetry para. 3.1.3.3.2 0.14 mA 14 mA P-P
Return Ripple . .
e +10V I/F Return Ripple para. 3.1.3.5.5 0.4 mA 10 mA P-P
Radiated Susceptibility 15-2295548 | Para. 3.4.2 29.1 V/M @ ~ 10V/M
135 - 139 MHz
6 Ground Isolation 1S-2280259 Para. 3.1.1.1 & >100 Kohms 14 Kohms
Figure 12
7 Conducted Susceptibility 15-2280259 pPara. 3.6.1.2 Performance Shall Susceptible to
+28V Main Bus Not Degrade all Harmonics
of 20 Hz.
8 | Conducted Transient 15-2280259 para. 3.6.1.3 -13v -12v loss of sync
Susceptibility @ -12v
+28V Pulse Load Bus
9 Field Non-Uniformity S-480-12 Para. 4.3.2.1 + 10% Max. +7.3%
(Monochromator) ~ | -17.5%

fix
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TABLE I (Cont'd)
Measured
No.| Parameter Spec.No. Spec. Ref., Spec. Req'mt. Value Remarks
10 | Optical Alignment 5-480-12 Para. 4.3.3
® Monochramator - 0.1° max. 0.27: 1n +Y
To Instrument Reference 0.18° in -7
® Monochraomator to CCR 0.1° max. 0.43° in +Y
0.21° in -2
e Changes During Test
e Monochramator 0.05° max. 0.06° in +Y
0.06° in -2
e CCR 0.05° max. 0.1° in -y
0.1° in 42
11 | vibration Test S-480-12 Para. 6.2.4 See Spec. S-480-12 - Ran to modi~ d
levels. Se
Figure 3
12 | Spectral Bandpass S-480-12 Para. 4.3.4 See Figure 4 See Figure 4
Tabe 4.1
13 | System Linearity S-480-12 Para. 4.4.2.1 1% Max. 9% on Range 2
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DISCRETE MODE WAVELENGTHS IN THE PROM ARE 1 TO 3 GRATING STEPS OUT OF SPEC.

REQUIREMENT, nm GRATING

NUMBER (t 0.05) ACTUAL, nm POSITION
1 252,00 252,03 + 700

2 273.61 273 .47 * + 412

3 283,10 283.00* + 283

Y 287,70 287.57* + 221

5 292,29 292,20 * + 158

6 297,59 297,47 * + 86

7 301.97 301,86" + 26

8 305,87 305,80 " - 28

9 312,57 312.50* - 120
10 317,56 317.50" - 189
11 331.26 331,21" - 379
12 339,89 339,81" - 499

* Qut~of-spec per Paragraph 4.3.4 of Specification S-480-12
FIGURE 4

xiv
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Section 1
VIBRATION TEST

(Reference Test Procedure 68038)

The Sensor Module and Electronics and Logic Module were vibrated separately to
minimize the size of the test fixture and allow for a maximum number of accel-
erometer data channels for the test. The instrument was tested at one of
BASD's vibration/shock facilities - a Ling B335 Vibration System. The instru-

ment was tested without thermal blankets and in a power off state.

A resonant survey of the test fixture was performed prior to vibration testing
to assure no resonant frequencies which might present a problem. In each axis
of vibration a low level sinusoidal survey was run before full level was ap-
plied. (See Figure 1-1 for levels). Because of greater than anticipated re-
sponse from the grating shaft assembly the vibration levels for random were
modified as was allowed by GSFC per the current TIROS vibration test data (see
Table 1-1 for levels). FEach test axis consisted of a qualification level
sine, modified qualification level random and finally qualification level

shock. The Electronics and Logic Module followed the same sequence except
that it was subjected to full qualification level random.

The instrument was given a thorough visual inspection after each axis of

vibration and shock. After each axis, it was returned to the clean room and
an electrical/optical performance functional conducted. No problems were
- detected.

The primary resonances determined are listed below. (Requirement: None
greater than 100HZ). '

SENSOR MODULE : ELM

184HZ - Y AXIS LATERAL MODE 210HZ - Y AXIS LATERAL MODE
205HZ - Z AXIS LATERAL MODE 250HZ - Z AXIS LATERAL MODE
320HZ - CAL LAMP MODE

430HZ

GRATING BENDING MODE
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For detailed information, see EMU-FLT Vibration Test Report (BASD System
Engineering Report (SER) No. SBUV-RP-83-391, Rev. A).

1-2
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Section 2
THERMAL BALANCE TEST

(Reference Test Procedure 68039)

A thermal balance test was conducted just prior to running the thermal vacuum
test. This test was conducted in a BASD thermal vacuum facility modified for
SBUV/2 requirements. A powered orbital "hot" and “"cold" case, and an unpower-
ed orbital “cold" case were simulated. The Sensor Module was mounted to a test
fixture in a flight manner. The test fixture temperature was controlled to 0°C
and +30°C to simulate a cold and hot spacecraft interface respectively. The

instrument, fixture, and cables were wrapped in MLI. A vacuum chamber shroud
provided the orbital cold and hot radiation conditions as it was controlled to

-55°C and -29°C.

- The tests were conducted by -operating the instrument with power on or power
of f as the case required. Thermal equilibrium for each case was achieved when

no temperature sensor changed more than 1°C per hour.

The purpose of the thermal balance test was to verify the thermal design of
SBUV/2 and to verify and adjust the thermal math model so as to make accurate

predictions of orbital thermal performance.

Both objectives were achieved with SBUV/2 operating within design limits de-

spite some minor mechanical fit problems causing undesired heat leaks.

The thermal math model was changed to provide results in agreement with the

test. The mechanical fit problems were corrected by some minor design changes
thus eliminating the heat leak. '

For detailed information see Thermal Balance Test and Updated Orbital. Tempera-
ture Predictions, SER No. SBUV-TK-83-384.
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Section 3
THERMAL VACUUM TEST
(Reference Test Procedure 68040)

Thermal vacuum testing was performed in a BASD vacuum chamber, CUMBO. The
Sensor Module was mounted onto the vacuum test fixture which had a cold plate
attached to the mounting base for temperature control. Thermal blankets were
removed from the instrument to expedite temperature change from plateau to

plateau.-

Thermal vacuum test began July 15 and was concluded on July 23. Figure 3-1
depicts the temperature profile used during the test. The testing consisted
of radiometric data being taken at temperature plateaus of 0, 10, 20, and
30°C.

Electrical functionals were performéd at the temperature extremes -10° and
+40°C after a shutdown and restart. At the temperature extremes the instru-
ment power was turned off and the instrument allowed to stabilize in tem-

perature before restarting.

Radiometric data was taken at each of the mentioned temperature plateaus in
sweep mode, discrete mode and position mode at the 12 discrete wavelengths,
using these lamps - Argon Mini Arc, FEL and deuterium.

In conclusion, radiometric calibration data was successfully taken at 0°C,
10°C, 20°C, and 30°C with the FEL lamp, deuterium Tamp and the Argon Mini Arc
Lamp. No problems were found during cold start tests at -10°C or hot start
tests at +40°C. Only two anomalies were noted during all of the calibration

and electrical functionals:

1) Below about +16°C, the current through the on board mercury lamp
began oscillating at approximately 7KHz. This was noticeable on
some of the wavelength calibration and diffuser check data, but
the data could still be used.

3-1
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2) At the temperature extremes of -10°C and +40°C, increased settling

times were noted on the. grating mechanism. Normal operation was

observed at temperatures from 0°C to +30°C.

Results of the thermal vacuum calibration data are given 1in Volume II of

this document.
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The figure below shows the temperature profile of the cold plate

during the thermal balance and thermal vacuum tests.

ELECTRICAL FUNCTIONAL

A

O CALIB FEL LAMP
O CALIB MINI-ARC
@ CALIB DEUTERIUM
¥*

THERMAL BALANCE
'TESTING

& REMOVE THERMAL
BLANKETS (BREAK VAC)
7/15

- g i

cgUe

oJu) )

AT/19
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7/17.

cle
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A% 7794 T/16
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Figure 3-1 Thermal Vacuum Test Profile.
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Section 4
EMI/EMC TESTING
(Reference Test Procedure 68035)

EMI/EMC testing was conducted in the BASD EMC Screen Room and Clean Room # 2,
both are located in the John W. Fisher building at BASD. The testing con-
sisted of the following:

Conducted Emission (CEQ1 and CEQ3)
Radiated Emissions (RE02)

Conducted Susceptibility (CSO1 and CS06)
Radiated Susceptibility (RS03)

Special Radiated Emissions Test

The results of the Conducted Emission Tests (CEOl and CE03) reveal that most
of the power and return lines tested met specification. Exceptions consisted
of the following:

1) The Fundamental Ripple Frequencies were 100 kHz, a level exceeding
the 30 kHz constraints described in DD68035.

2) The Ripple Current on the +28V Telemetry Return measured 14 mA p-p.
The specification is 2 percent of average.

3) The Ripple Current on the +10V interface return measured 10 mA p-p.
The specification is 5 percent of the average, or 0.4 mA.

The Radiated Emission testing (REQ2) was performed per MIL-STD-462 from 14 kHz
to 2 GHz with 1imits per MIL-STD-461. Exceptions occured at eight frequency
bands, where the 1imits were "Minimum Discernable Signal". Due to misinterpre-
tation of MIL-STD-462, the initial testing was performed without the STE-to-ELM
cables shielded. Retesting with the cables shielded showed reduced emission le-
vels. It was then agreed that minimum discernable signal levels were met.

Conducted Susceptibility results demonstrated no susceptibility during CSOl
testing. However, additional "Engineering Tests" did show susceptibility (in-
creased noise in radiometric data) to all odd Harmonics of 20 Hz on the +28V

main bus. Because the frequencies are precise multiples of 20 Hz, this was not
4=1
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detected during earlier CSOl tests. Due to low probability of energy at

precise multiples of 20 Hz on the spacecraft no changes were made. Also noted
during the transient susceptibility testing (CS06) was a "Loss of Sync" detec-
ted with a =12V transient injected on the pulse load bus (specification 1is

-13V). [t was not determined whether the problem was in the STE or the
instrument.

Radiated susceptibility tests showed no susceptibility at 1 Voit per meter
from 14 kHz to 10 GHZ. Initially, the instrument showed considerable sus-
ceptibility in the 135-139 MHZ range, to field intensities above 1l Volt/Meter.
(Specification is 29.1 Volts per Meter). Considerable improvement was made by
adding a twisted , shielded pair cable from the ancde Preamp output to the
Electrometer. No susceptibility was noted with the added twisted shielded
cable plus added filtering on the anode preamp power lines. If susceptibility

is noted on the spacecraft, a jumper cable with required filters can be added.
The jumper cable, will, however, violate the envelope. Susceptibility was
noted after the EMU-FLT instrument was integrated onto the spacecraft. A

jumper cable containing filtering was subsequently added to the EMU-FLT instru-
ment at RCA. The design of the Sensor Module cable harness has been modified:
to incorporate this filtering on subsequent units.

Additional measurements were made during the initial radiated mission testing, .
in certain frequency bands using a low noise preamp and a spectrum analyzer,

" Review of the data after the test shows contamination from emissions of the
unshielded STE-TO-ELM cables. Time limitations prevented repetition of measure-
ments when the cables were shielded.

For detailed information see EMU-FLT EMI/EMC Test Report (BASD System Engineering
Report (SER) # SBUV-DY-83-394.

4=2
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Section 5
MASS PROPERTIES
(Reference Test Procedure 68037)

 The weight, center of gravity, and envelope dimensions have been determined
for the Electronics and Logic Module and the Sensor Module. The following

table and figures  give the weight, show the Tlocation of the center of
gravity, and give the envelope dimensions for both the Sensor Module and

Electronics and Logic Module.

5-1
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Table 5-1
INSTRUMENT WEIGHT

. ASSEMBLY | WEIGHT

SPECIFICATION . MEASUREMENT
SENSOR MODULE 55 POUNDS (TARGET) 55.75 POUNDS
ELECTRONICS 29 POUNDS (TARGET) 24,25 POUNDS

AND LOGIC MODULE

TOTAL 84 POUNDS MAXIMUM 80.00 POUNDS

A/N 3875
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Figure 5-4 Sensor Module Envelope
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Section 6
TIP COMPATIBILITY
(Reference Test Procedure 68401)

The TIROS Interface Processor (TIP) compatibility test was performed at BASD.
The test consisted of an electrical functional prior to connecting the TIROS
Interface Processor Simulator. With instrument power off the TIP Simulator
was connected. Three eight bit words were read out (Minor Frame 9, Word 36
Minor Frame 9, Word 37, and Minor Frame 4, Word 37). These words are read out
under normal operation and again under degraded conditions (with noise,
jitter, and reduced amplitude).

Under the nominal operating conditions the words were correctly read out.
During the set up for the degraded portion of the test the TIP Simulator had a
malfunction and it could not be repaired at BASD in time to complete the test.
However, it was concluded that sufficient testing had been conducted to prove
interface compatibility of SBUV/2 instrument to the spacecraft.

6~1
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Section 7

TELEMETRY CALIBRATION

This section contains the calibration curves for the analog and Digital A
analog data. Tables 7-1 and 7-2 list the Digital A and analog telemetry
respectively. The calibration curves are shown in Figures 7-1 through 7-21.

Additional details can be found in the SBUV/2 Unique Instrument Interface
Specification, RCA Document IS 2295548, Section 3.1.5
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DIGITAL A ANALOG TELEMETRY

Telemetry Point

Chopper Motor Current

Diffuser Motor Current

High Voltage Power Supply Volts

Thermistor Bais Voltage (10V REF)

Calibration Lamp Temperature Sensor

ETectronic Calibration Reference Voltage

15 Volt Sensors Voltage

-15 Volt Sensors Voltage

24 Volt Motor Voltage

5 Volt LED Voltage

10 Volt Logic Voltage

Calibration Lamp Current

Grating Coarse Error

Grating Motor Current

Calibration Lamp Motor Current

Diffuser Plate Temperature Sensor

Sensor Module Baseplate Temperature

25 Volt Power Voltage

15 Volt Servo Voltage

-15 Volt Servo Voltage

CCR Diode Temperature

Sensor Module Differential Temperature Anti-Sun Side
Sensor Module Differential Temperature Sun Side
Differential Reference Temperature Sensor Anti-Sun Side
Differential Reference Temperature Sensor Sun Side
PMT Cathode Temperature Sensor

Chopper Motor Phase Error

Digital A - Grating Position Error

Table 7-1

7-2

B6802-78B

Mnemonic

CMCUR
DCR
HVPS
THB
LMP
ECL
15SR
-15S8R
24

5

10

LCR
CRSERR
MOTRCUR
MCR
DFP
SMB

CPERR
POSERR
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ANALOG TELEMETRY

Telemetry Point

Sensor Module Baseplate Temperature Sensor # 2
Sensor Module Shroud Temperature Sensor
Depolarizer Housing Temperature Sensor

High Voltage Power Supply Temperature Sensor
Diffuser Plate Temperature Sensor # 2

Choffer Motor Temperature Sensor .

Grating Motor Temperature Sensor

Diffuser Motor Temperature Sensor

Calibration Lamp Motor Temperature Sensor
Electrometer Temperature Sensor

Calibration Lamp Power Supply Temperature Sensor
Diffuser Radiator Temperature Sensor
Electronics and Logic Module Temperature Sensor
Low Voltage Power Supply Temperature Sensor
Diffuser Heater Current

Baseplate Heater Current

28 Volt Main Power

Table 7-2

7-3

B6802-78

Mnemonic

SM2
SMS
DPH
HVP
DF2
CHM
GRM
DFM
CLM
ELT
CLP
DFR
ELM
LVP
DFHTR
BPHTR
28
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Conversion of Differential Temperature

1) Convert the differential reference temperature from counts to temperature
using the conversion chart shown in Figure 7-1. '
DRS or DRA = TD

2) Next, calculate the differential temperature counts from the following:

Tisps)= (-107499) (Cgpg) - (13.706) + Cpp)
where

T(SDS) =Differential Temperature in Counts

C(SDS) =Counts from Differential Temperature

C(DRS) =Counts from Differential Reference Temperature

3) Convert T(SDS) from counts calculated in the above equation to temperature
(TS) using the conversion chart shown in Figure 7-1.

4) The differential temperature T, then is determined from the following:

T=TD-TS

7-4
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Section 3
" FIELD OF VIEW/UNIFORMITY
(Reference Test Procedure 68027)

Field of view measurements were made by scanning a target whose angular size
is 11.33 X 1.13 degrees. Scans were made in both a horizontal (along Z axis)

and vertical (along Y axis) with the target oriented perpendicular to the

direction of scan.

Data was taken for each spectral band in the Discrete Mode and the Cloud Cover

Radiometer.
The following pages contain

1. The method of calculation of the size of the Field of View (FWHM),

the Pointing Error, and Uniformity.

2. Data sheets from the test along with the resulting calculations.
(Table 8-1 through 8-7).

3. Plots of each discrete channel 1in both vertical and horiionta]

directions. (Figures 8-1 through 8-26).
Field of View Calculation

1. UNIFORMITY p=13

— Y
Y=Z‘;'%—

where Y ~ PMT Counts

Angular data position

=
i



FULL WIDTH HALF MAX (FWHM)

37 °
0.59

49

FWHM = H, + H

POINTING ERROR

/4

Z

8-2

where R

i

B6802-78

Right Slope

Left Slope

Half Power Point
Half Max Left

Half Max Right

Full Width Half Max
Pointing Error

Y Value for Point xx in Scan
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Figure 8-1 Vertical and Horizontal Field of View Plot

8-10



0.868E-10

0.781E-10

0.694E-10

0.607E-10

0.521-10

0.434E-10

AMPS

0.347E-10

0.260E-10

0.174E-10

0.868E-11

0.45%€-14

]

SBUV/2/108/13/26 FIELD OF VIEW TEST

VERTICAL CHANNEL 2

B6802-78

=

|

-

7300 7620 7940 8260 8580 8900 9220 9540

ROTARY TABLE ANGLE (DEGREES X 100)

9860

10180

Figure 8-2 Vertical and Horizontal Field of View Plot

8-11

10500

A/N 3875



0.132E-09

0.118E-09

0.105E-09

0.921E-10

0.790E-10

0.658E-10

AMPS

0.527E-10

0.395E-10

0.264E-10

0.132E-10

0.382E-13

( I B6802-78
SBUV/2/108/13/26 FIELD OF VIEW TEST
VERTICAL CHANNEL 3
7300 7620 7940 8260 8580 8900 9220 9540 9862 10180 10300
ROTARY TABLE ANGLE (DEGREES X 100)
A/N 3875

Figure 8-3 Vertical and Horizontal Field of View Plot
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Figure 8-4 Vertical and Horizontal Field of View Plot
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Figure 8-5 Vertical and Horizontal Field of View Plot
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Figure 8-6 Vertical and Horizontal Field of View Plot
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Figure 8-7 Vertical and Horizontal Field of View Plot
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Figure 8-9 Vertical and Horizontal Field of View Plot
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Section 9
POST ENVIRONMENT FOV VERIFICATION

(Reference Test Procedure 68042)

Field of view measurements were made at five different points during the
test program. The results are summarized in Table 9-1. . Plots of the in-
dividual measurements follow also in Figures 9-1 through 9-20.

The FOV size was determined by first hormalizing the PMT data to 1.0. Graphs
were plotted. Selected data points along both the right and left slopes were
fitted to a straight 1ine using a linear regression method. The 50% points
are determined from the equation of each side. The full width half maximum
(size) is found from the sum of the absolute value of the 50% points. The
pointing error is found from the sum of 50% points divided by 2.
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Section 10
OPTICAL ALIGNMENT

(Reference Test Procedure 68021)

Alignment of the optical reference cube was performed and checked at baseline

testing of the instrument. The normals to the reference cube are misaligned
with respect to the Sensor Module Base as shown in Figure 10-16 and

Table 10-1.

The monochromator to instrument reference (cube) and monochromator to Cloud

Cover Radiometer alignment is determined from the field of view data.

Alignment changes during test are data taken from field of view measurements

made at 283.0 nm during functional checks after environmental tests. These
values represent the maximum changes observed when comparing all these test

data. Details are given in the section on post environmental field of view
measurements.

- A 10-1
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Table 10-1
OPTICAL ALIGNMENT

PARAMETER SPECIFICATION MEASURED

OPTICAL ALIGNMENT

o INSTRUMENT REFERENCE 0.1° MAX Y-Z SURFACE NORMAL
(CUBE) TO X AXIS | 0.015° IN ~Y
0.011° IN -Z
XY SURFACE NORMAL
0.003° IN -Y
® MONOCHROMATOR TO 0.1° MAX 0.27° IN.=Y
INSTRUMENT REFERENCE - 0.18° IN -Z
e MONOCHROMATOR TO 0.1° MAX 0.43° IN +Y
CCR 0.21° IN +Z

¢ ALIGNMENT CHANGES
DURING TEST

- MONOCHROMATOR 0.05° MAX | 0.06° IN +Y
0.06° IN -Z

- CCR 0.05° MAX | 0.1° IN +Y -
0.1° IN =7

10-2
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Section 11
OUT OF FIELD RESPONSE

(Reference Test Procedure 68027)

A mini-arc lamp was used as an intense UV source to illuminate the instrument
while it is viewing a black background. The Sensor Module was pointed in four
directions plus and minus 15 degrees'albng the horizontal and vertical axis.

Due to test fixture setup it was not possible to eliminate all the background
radiation while viewing the black panels. As can be seen from the data (Ta-
ble 11-1), the horizontal plus, horizontal minus, and vertical plus 15 degree
positions are approximately the same values, whereas the minus 15 degree ver-
tical location is at a much Tower level.

The out of field response is determined from measurements of instrument re-
sponse made during field of view testing. Scans of both the vertical and
horizontal directions were made out to 17 degrees on each side of the center
of the field of view. ' |

Qut of field response is determined from the ratio of the energy in field to
out of field.

C . C Canp
Out of Field Response = out of field _ CQQE

in field IF

To determine COOF and CIF a curve of thelinstrument response in counts at each

ang]e;measured was plotted. An average value of counts is determined from
each radially symmetric angular position.

A curve of (fe)(e) vs. 0 is plotted over the range of values for o =0 to
© = 17. The following curves are examples at 283.0 nm.

11-1



7/

‘
From the curve a close approximation of the areas underneath o
S] =62 = 03 for

' & | , e,
2¢ 27 —
= —-ZTI'QCJQ-t L0
CIF , oA 3 A Co
O
and
CH
COOF" BA @d@
6z
where C = counts per unit area

B6802-78

=0 to 01 and

A = angular area of the source of illumination in radians

o1 = upper limit of in field response in radians

(determined from the (FWHM + width of source) to 1
2
0, = Tower 1imit of out of field response in radians
o3 = upper limit of out of field response band in radians

using the Trapézoida] rule to evaluate the integrai:

= 2T —
CI:: A Ced@ b/-\
o

A = 3.87 X 10”2 radians

1 = .1178 radians
op = 1274 radians

.2967 radians

o3

Values for (€ x o)

Finally, the out of field response is determined from,

C
00F Response = _90F

Crr

A AC(C-I-ZC +20, + -m e - 20 1CH)

are determined for the curve at increments of AC.

The following Table (11-2) gives the results for all discrete wavelengths.

11-2
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Table 11-2
OUT OF FIELD RESPONSE
WAVELENGTH | OUT-OF-FIELD
RESPONSE
252.0 0.93 %
273.5 0.89 %
283.0 0.50 %
287.5 0.64 %
1292.2 1.07 %
297.6 0.68 %
301.9 0.70 %
305.8 0.59 %
312.5 0.84 %
317.5 0.64 %
331.2 0.50 %
339.8 0.69 %
AVERAGE 0.72 % -
CCR 0.17 %
A/N 3875

11-6
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Section 12
GONIOMETRIC CALIBRATION
(Reference Test Procedure 68034)

Goniometric calibration was performed using the fixture illustrated in Fig-

ure 12-1. This fixture locates the center of the instrument diffuser at the
intersection of the horizontal and vertical axes of rotation. A target (FEL

Lamp) placed 3 meters from the Sensor Module provides it with nearly parallel,
uniform illumination.

Data was taken over an angular field which covers the expected angles of illu-

mination during orbit. Scans were made in increments of 2 degrees in eleva-
tion and 5 degrees in azimuth. Two SERs (SBUV-GC-83-386 and SBUV-GC-83-390)

cherbthe use of the data with respect to the spacecraft position,

Included here are the raw data in instrument counts (Table 12-1a;b,c,d)
plots of the center wavelength at each Azimuth angle (Figures 12-2 through 12-10).
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Table 12-la
CONIOMETRIC DATA AT WAVELENGTH (250 nm)
AZIMUTH

ELEVATION| 49 34 35 40 46 50 55 60 65
0 423 | 433 | 427 418 w8 | 380 330 | 339 303
2 399 | 397 | 398 394 63 | 350 337 305 296.59
4 36 |37 | 3m 370 351 | 341 328 292.39 | 277.19
6 u7 |31 | 3% 42 25 | 320 305 287.39 | 266
8 317 | 316 | 317 322 02 | 282.59 | 283 270.79 | 246.79
10 294.19| 202 | 304 204.39 | 287.79 | 277.79 | 244.59 | 243.79 | 213.99
12 268.79 | 269.10 | 264.79 | 264,19 | 263.59 | 242.79 | 234.19 | 225.59 | 212.99
14 254.19| 252.39 | 244.59 | 252.79 | 232.99 | 228.99 | 212.79 | 195.79 | 184.19
16 216.19 | 230.79 | 225.19 | 220.59 | 207.79 | 205.59 | 195.19 | 180.79 | 171.00
18 208.79| 194.79 | 206.59 | 205.59 | 197.79 | 178.79 | 171.19 | 172.79 | 165.79
20 167.79| 169.79 | 177.99 | 169.99 | 173.79 | 164.59 | 154.39 | 142.59 | 139.59

Table 12-1b AN 3875
CONIOMETRIC DATA AT WAVELENGTH (300 nm)
AZIMUTH

ELEVATION| 30 % 3 20 46 50 S5 60 65
5 3575 | 3404 | 3375 | 3319 | 3181 | 3008 | 2797 | 2577 2333
2 3148 | 3137 | 3134 | 3096 | 2954 | 2809 | 2610 | 2382 2187
4 2882 | 2903 | 2889 | 2851 | 2749 | 2598 | 2430 | 2238 2029
6 | 2654 | 2670 | 2669 | 2634 | 2519 | 2378 | 2248 | 2061 1877
8 2424 | 2432 | 2438 | 2405 | 2310 | 2188 | 2049 | 1898 1714
10 2198 | 2219 | 2208 | 2181 | 2143 | 1986 | 1845 | 1720 1546
12 1978 | 1995 | 1989 | 1965 | 1877 | 1806 | 1666 | 1543 1400
14 1748 | 1756 | 1752 | 4752 | 1671 | 1584 | 1481 | 1357 1249
16 1542 | 1550 | 1564 | 1526 | 1461 | 1389 | 1294 | 1189 1073
18 1339 | 1332 | 1320 | 1308 | 1260 | 1187 | 1109 | 1011 933
20 1083 | 1098 | 1090 | 1072 | 1024 | 971 916 828 760

AN 3875

12-3
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Table 12-lc
GONIOMETRIC DATA AT WAVELENGTH (350 nm)
AZIMUTH
ELEVATION| 320 34 35 40 46 50 55 60 65
0 19610 | 19774 | 19708 | 19386 18600 | 17567 | 16297 | 14967 13530
2 18152 | 18240 | 18224 | 17931 | 47235 | 16325 | 15117 | 13893 12604
4 16698 | 16841 | 16856 | 16545 15937 | 15050 | 14014 | 12868 11666
6 15373 | 15481 | 15472 | 15196 | 14667 | 13849 | 12904 | 11847 10736
8 14022 | 14127 | 14096 | 13874 | 13360 | 12670 | 11800 10797 9790
10 12740 | 12787 | 12732 | 12527 12116 | 11471 | 10656 |. 9801 8866
12 11390 | 11435 | 11449 | 11253 10867 | 10282 9562 8791 7930
14 10094 | 10139 | 10237 9969 9611 | 9059 8445 7759 6982
16 8756 | 8821 | 8868 8708 8381 | 7916 7352 6725 6070
18 7534 | 7572 | 7537 7395 7403 | 6705 6212 5698 5124
20 6100 | 6153 | 6134 6019 5804 | 5445 5070 4614 4158
A/N 3875
Table 12-1d
GONIOMETRIC DATA AT WAVELENGTH (400 nm)
' AZIMUTH
ELEVATION| 30 34 35 40 46 50 35 60 65

0 35002 | 35275 | 35214 | 34600 33286 | 31353 | 29431 | 26785 24265
2 32368 | 32531 | 32535 | 31932 | 30812 | 29157 | 27066 | 24885 22585
4 29833 | 30012 | 30024 | 29494 | 28448 | 26937 | 25054 | 23046 20948
6 27394 | 27560 | 27551 | 27097 | 26140 | 24784 | 23095 | 21212 19277
8 24964 | 25102 | 25116 | 24656 | 23810 | 22601 | 21037 | 19328 117544
10 22585 | 22734 | 22682 | 22350 | 21592 | 20437 | 19066 17497 | 15864
12 20313 | 20365 | 20413 | 20066 19347 | 18345 | 17066 | 15712 14250
14 17904 | 18065 | 18008 | 17727 | 17055 | 16163 | 15085 | 13852 12562
16 15602 | 15676 | 15702 | 15457 | 14895 | 14092 | 13114 | 12043 10873
18 13298 | 13396 | 13351 | 13155 12643 | 11931 | 11075 10156 9179
20 10819 | 10870 | 10852 | 10695 10298 | 9689 9045 8277 7482

12-4
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/4 Aerospace
2 S ster%s System Engineering Report
D‘i]vision
REPORT ySEOV-GC-83-386 pare o -9-83
SRS
PROJECT
v/ 2

TITLE Use of The Genicmetric Test Fixture: Determination of the True Angles of
Azimuth and Elevation

PREPARED BY p. Garvy Cunningham DATE APPROVED 8Y ‘ DATE
T.0. SBUV/2 8=19=83

SCOPE/TEXT:(ATTACH ADDITIONAL SHEETS AS REQUIRED)
The goniaretric properties of the on-board diffuser are measured by use of the gonicmetrig
test fixture, which is designed to simulate the moticn of the sun (source) by rotating
The instoument about the center of the diffuser while keeping the source fixed. Because
of the geametry of the situation, the azimuth and elevation angles of measurement,

s and ¢ g respectively, are not the true angles of and &, and dre referred to herein as

‘psuedo-angles.

When deployed in the solar viewing positicn, the plane of the on-board diffuser makes an
angle of 28° with the instrument/spacecraft Y-Z plane, and the projection of the diffuser
normal onto the Y-7 plane is offset 34 degrees fram the +2 axis, in the +Y direction, to |

accommodate the wide variation in orbital ¥ angle..

Tn this exercise the Y-Z plane is represented by a parellel plane passing through the
center of the diffuser. The azimuth angle is measured in this plane relative to the +2
axis and the elevation angle is the angle between the source and the Y-Z plane.

Fiqure 1 dépicts the problem which can be outlined as follows:

1) The projection OL of diffuser nommal n onto the Y-Z plane is offset from the Z-axis
by +34°.
7} Gonicmetric calibration is made by azimuthal rotation Y about the line X (BR when

the elevation € is zero).

DISTRIBUTION . GSFC (2) - ’ -
D. Nelscn .
R. McConaughey )

W, Nelson

G, Morris

K. Relly
M. Fawler
A, Qlsen

8R-4T4, 3-79
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3) The line AA'is the intersection of the diffuser with the Y- plane and
is the axis of rotaticn for setting the elevation angle € .

4) The plane X0 1is cne of the symretry planes of the diffuser.

5) The psuedo-elevation anglegg is set by a rotation about A? as measured
from OL.

6) Unit vector Or represents the instantaneous position of the source (sun)
when the elevation angle is zero: The true azimuth angle isd=4 -56°.
The arc A'IA is the locus of ¥ as the azimuth angle (rotary table)is
varied fram -56° to +124°.

7) The wnit vector Org is equivalent and equal to Or for an elevaticn angle

Es¥0 and4ds =9-56°; likewise, wnit vector

OLg_is equivalent and equal to
TC and lies in the plane X0V, and the arc E'LeA is equivalent and equal
toA'IA.

8) The psuedo-azimuth anglexs is the angle of measurement referenced to the
Line 02 on the rotary table, determined when the elevaticn angle is zero.
The true azimuth angle < is defined by the lines 0Z and OP where P is the
projection of Fgonto the Y-2Z plane.

9) IfXs is held constant /w_hille the elevation angle is changed, the locus of
T will scribe the arc rrgwhich defines a plane normal to both the Y-7
plane and the line ZA%

Gary Cunningham
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AP = Ofs Sime = Sin e (/)

From JAN (sO/P .

G
P = sméEs o't (2
¢ €s
o P _ —
Q/F’ - Cos&s O G (3)

From A 00 Y -

. {' e I . .

° : o'y = ONRsmP =8mP  (y)
N , — —
0o = 0 Cosy = (os( )
0 :
Vew, from Eqc (1), (2) 4 (4)
IméE = SIn€s s/ny &)
a na %row fcbs. &3) ‘é (‘43
op = Cos€ss/a (3)
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7%/4 Aerospace . . :
Systems System Engineering Report

Division
REPORT NO._SBIV-GC-83- 290  oate _30 Aug. 83

, "ROJECT SBUV/2

TM.E _Determination of the Solar Angles of Azimuth and Elevation from the Instantanecus
Position of the Sun in Orbit; and Use of the SBUV/2 Gandametric Calibration :
Determination of the Solar Angle of Incidemce with the Cn-Board Diffuser

PREPARED 8Y F. Gary Cunningham DATE APPROVED BY DATE
SBUV/2 Technical Officer 29 Aug. '§3

SCOPE/TEXT:(ATTACH ADDITIONAL SHEETS AS REQUIRED) | =
Por the Tiros Spacecraft (S/C), cn which the SBUV/2 will fly, the S/C Z-Axis is main-
tained parallel to the orbit nommal at all times. Therefore, the solar Y angle, which
is the angle between the solar vector and the orbit no , 1s the angular positicn
of the sun off the Z-Axis. For all orbits in which ¥ # 0 the sm will appear, fram a
position an the S/C, to precess about t1:1é Z-Axis making cne revolution per orbit of the
S/C about Earth. In order to determine the solar irradiance the positicn of the sun in
terms of ¥ angle and orbital position, taken during the measurement, must be transformed
to angles of azimith of , and elevation & , which are measured relative to the Z-Axis

| and Y-7 Plane, respectively.

SBUV/2 will £ly en S/C in afterncon, ascending node orbits. The orientation of the S/C
with respect to Earth in such an orbit is shown in Figure 1. We can see that from sun-
_rise over the South Pole to sunset over the North Pole the sun will lie on the -X side
of the Y-7 Plane, or in other words, above the earth facing pamel of the S/C for all 5
sasses over the poles (orbital positicn nearest the poles but 90
ital sas fram 5 h n lies in the S/C ¥-Z Plane. As the S/C moves

Q_e;@d its local sunset (mvmg now towa.rd the South Pole) the sun becames visible from
the +X side of the Y-Z Plane and the +Y side of the X-Z Plane. At this time, and only
this time, SBUV/2 solar irradiance measursments are possible.

Figure 2 shows the apparent precessicnal motion of the sun, as seen from the S/C, and
depicts the gecmetry of the situaticn. The problem is to define and compute the angles
‘of azimith & , and elevation € .

DISTRIBUTION
D, Nelscn _ =
W, _Nelson

B Olsen,
! W, Powler

G:. D’bITlS

BR- 474, 379
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n Figure 2, the locus of the sun OS describes a circle of wnit radius about the origin
0'; i.e., 0’8 = 6751 =-_'§2 =1, and a cone of half angle ¥ whose apex is located at
origin O. Therefore, 0S = OS; ='5_§-2 . 8y, the positicn of ﬂ'xe_iun at S/C sunset,

lies in the Y-% Plane of the S/C, and 0'T is the projecticn of 0'S cnto the Y-Z Plane;
while, the angle U gives the angular positicn of -(?5, measured from the Y-Z Plane, as

the sun revolves about the Z-Axis.
The angle ZOT is, by definiticn, the azimuth -angle « , and the angle SOT is, by
definition, the elevaticn angle € .

The SBUV/2 will have an uncbstructed view of the sun for the following range of
elevaticn angles € : 0°< € < 15° . When & is less than zero the sun view is ob~
structed by the S/C, and when & is greater than 15+ degrees, the solar array chstructs
the view.

Now, from Figure 2:

S
Using triangle O'ST, we have:
?l)\ o'
T
O'T = 0'S-cos U- = cos V- (1
and
ST = 0'S-sin?% = sin & @
. ' - <
From triangle OST., we have:
(4
0 T
CS-siné = 5T Therefore, from BEg. (1)
sin€ = sinl~ 3
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To determine OS5 we need triangle 00'S; :

Q 0

4 5. =5, .sin =
0 Sl =084 sin 1
Since B'éz =08 , we have
$)
T = e
oS = sin % 4
Then, using Egs. (3) & (4):
sin é = sin¥ -sin V& (3)
From triangles O'OT and O'OSl , we have:
1 — —
OT-cos{ = 00" 6
and
gszeccs'?f = 00° (7
Then,
“OTcos K = Ssi-ccs Y , and from By. (4)
cos = 5 Y .
Or-sin¥

12-24
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Again, from triangle OST , we have:
@m? + @B = ©9)°

Then, using Egs. (2) & (4):

2 1 - sinzy-'

cos¥
cos =
A (1 - sin?Y -sin®yM)?

B6802-78

(9

. (10

(11

Equation (5) gives the elevation angle & in terms ol the X angle and the anqular
position of the sun V- , while equation (11) provides the egquivalent relationship for

the azimith angle o .

Note: The apparent angular position of the sum, V- , measured from the Y-2
Plane bears a cne~to-cne correspondence to the angular position of the S/C in orbit,

measured from the position of S/C sunset.

Equations (5) and (11) can be rewritten in terms of the angle Y’ and the other angle

by eleminating the angle ¥ :

N
sin € = (1_ —m's“i_
cos“od
and
¢
_ cos
cos & = — e

12-25
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Use of the .SBUV/2 Gonicmetric Calibration Data: A simplistic appreach.

1. Fit the gonicmetric test data to an equation(s) which will provide instrument
relative respense as a function of test angles ¢ and €s .

2. For any instantanecus solar irradiance measurement, determine the true angles of
azimath and elevation, o4 and € , respectively, by using the equations provided
herein, or by scme other technique.

3. From data provided by RCA correct the angles determined in (2) so that all angular -
measurements are made relative to the SBUV/2 alignment cube.

4. Using equations provided in System Engineering REport No. 386, BASD Document |
SBUV-GC-83-386, correct the angles from (3) to determine their test angles &(¢ and €s.

5. The equaticn(s) from (1) are then used to correct the measured instrument solar
irradiance respense data from which the solar irradiance can be deduced.

Determinaticn of the Instantaneous Angle of irzidence of the Sun on the On-Board
Diffuser: :

To follow this calculation it is necessary to add the on-board diffuser to Figure 2;
The essential elements are shown in Figure 3.

In Figure 3, AA’ is the intersection of the cn-board diffuser with a plane parallel to
the §/C Y7 Plane, and which passes through the center of the diffuser. AA' makes an
angle of 34 degrees with the S/C Y-Axis. The line OC is nomml to 2A' and, likewise,
 mekes an angle of 34 degrees with the Z-Axis. The projection of the diffuser normal
TN, which makes an angle of 62 degrees with the Y-Z Plane, onto the Y-Z Plane lies
along ¢, The intersection of the diffuser plane with the plane containing the locus
of the sm, as it precesses about the Z-Axis, is line BM. IC is nommal to the Y-Z
plane and to the line BC, and line 7D is normal to ON; the angle MIC is, therefore,

28 degrees.
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Now, from Figure 3:

The angle between the sun and the da.;Efuser plane, T , is defined by using triangles
OTP and OST: [? is the intersection of TS with B,

Then, from triangle OSP:

SE = os , and using Eg. (4) we have,

sin X

T

sin

sin T = S_P--sin>L esin Y (14

We need to compute the line &° and sinX. : To do so a series of new triangles must

Firstly, from triangle CTP"

,

S = TP - ST (15
Then, using new triangle TPB: P
§
_— ©
!
1P = BT = EL. ,» and therefore
sind sin (90~ o ) cos
TP = BTtand (16
And, fram Figure 3:
Br = 0B + 0T (17

12-28
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To determine O'B we need new triangle OO'B

C
CB-cos34° (18
and
B-sini® = ' put, from Egs. (4) and (7) we have,
B-sin3d® = cot¥ , therefore Eq. (18) becames:
OB = cot3d®cot¥ . (19
Then, from Bgs. (1), (17) and (19), B. (16) beccmes:
™ = (cot3t®cot¥ + cos¥)-tand | (20
To determine tan ¢ we need new triangles BMC and MCC:
n I
g 2f
< T o ¢
From which we have,
Bows X, Wl g LB @
BMesin d = M BM-cos ¢ 5
qi-sin2e® = T oC-sin28° — —
— o = — = I = oC-tan28” (22
M-cos28 = OC cos28

12-29
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NdﬂfnmxuﬁamﬂesOomiaxlaxvelxwe,
o) o S |
oc-cos 34° = CO°
p—— . o apc
oC-sin34 = Q'C
and
= = 0'B + 0C (23
Using Egs. (4) and (7)., OC becames
= = cot ¥ . (24
cos 34
and then,
ST = cot¥ -tan3s® (25
Then, fram Egs. (19), (22), (23) and (25), Eg. (21) beccmes,
tan & = sin34®-tan28® (26
Then, from Egs. (2) and (20), EQ. (15) becares,
® = (cot34o°cot‘f + coslr)etand - siny~ (27
To determine sin X , refer back to triangle OPT:
TP-sin X = or
and
2 =2 =2
@)° = (TB° + (OO and, from EQs. (10) and

12-30
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(20) we have:

/3

P = E 1- s:'.pZY -sinzv‘) + (cot34°=cot X + cosp“)2=tan2f sin2 (2¢
sin¥
Using Egs. (10) and (28)
a2l 2o
Sin><= - 2(1 smzf"s;nf) — . 1
[(1 - sin“? .sin“*) + (cot34®-cot ¥ + cos ) “tan” J -sin ‘(j

1
s
[l + (cot34°-cot ¥ + cosl )ztanZJ -si_r:t2 Yj

ol
E.

><
]

1 - sj.nz‘(-sin2 v )

Then, fram Egs. (27) and (29), Eq. (14) becomes:

Bcot34°-cot ¥ + cos)tand - sinv"] sinY
sin @ = — 5 > > 7 (30
L (cot34®.cot ¥ + cos W )“tan“d -sin“ Y t
1 +

(1 - sin® Y-sin® &#)

where tan J 1is given by Eq. (26).
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Section 13
SPECTRAL BANDPASS RESULTS
(Reference Test Procedure 68030)

To measure the spectral bahdpass of the monochromator, three line sources (one
at each end of the spectral range and one in the center) were spectrally scan-
ned. The full width at half maximum was measured on each profile. The re-

sults are:

Wavelength (nm) FWHM  (nm)
180 1.14
285 ' 1.13
405 ' 1.18

These profile widths represent the bandpass of the instrument at these wave-

lengths, which are specified to be 1.0 fS;% nm.

The spectral bandpass of the Cloud Cover Radiometer was determined by a

separate measurement on the CCR filter.

The following Table 13-1 and Figure 13-1 give the bandpass values for the

discrete, sweep and cloud cover radiometer.

Table 13-2 shows the actual discrete wavelength positions and the amount they are
out of specification.

To measure the resolution capability (resolution limit with arbitrarily narrow
slits) of the instrument, the profile of the Mg 2830 A line was differentiated
twice. (Refer to SER# A0-82-330. " Manipulating Spectral UData", by Art Olson,
for an explanation of this process.) The widths of the second derivative
spikes are about 2 to 3 data points wide. If the profile is Fourier interpo-
lated, 1ncreasingAthe number of points by a factor of eight, the spikes appear
to be 20 Fourier interpolated points wide. This translates to a spectral
width 1.85&, and represents the instruments' resolution capability. The spec-
jfication calls for no greater than 2 R resolution capability.

13-1



2

Table 13-1

B6802-78

SPECTRAL BANDPASS RESULTS (GRAPHIC SPLINE INTERPOLATION FROM
THREE MEASUREMENT POINTS)

Central Wavelength | Bandwidth in Nanometers
Nanometers

Limits: 1.0 + 0.2s -0

Discrete Mode:

Wavelength 378.62

339.89 * 0.05 1.14

331.26 * 0.05 1.14

317.56 * 0.05 1.14

312.57 ¥ 0.05 1.13

305.87 * 0.05 1.13

301.97 * 0.05 1.13

297.59 * 0.05 1.13

292.29 ¥ 0.05 1.13

287.70 * 0.05 1.13

283.10 * 0.05 1.43

273.61 * 0.05 1.13

252.00 % 0.05 1.13

SWEEP MODE LIMITS: 1.0+:0.2

160-400 * 0.25 1.1370.05
-0

Cloud Cover LIMITS: 3.0 *0.3

Radiometer 37911.0 2.95

“Actual Peak

A/N 3875

13=-2
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Section 14
OUT OF BAND RESPONSE
(Reference Test Procedure 68032)

Out of band response is defined as the instrument response to energy integra-
ted over all wavelengths outside a spectral region three times the measured
bandwidth. Viewing the sky with the SBUV/Z2 instrument and scanning wave-

lengths from 400 nm down to 160 nm shows the out of band response of the in-
strument at short wavelengths and those far from the central wavelength. Two

versions of this test were performed. One test enabled the SBUY/2 instrument
to view the sky. The second test allowed the instrument to view a large,

ground aluminum diffuser which was illuminated by direct suniight. Sweep Mode
scans and plots were made from the data. The ratio of maximum signal to mini-

mum signal was determined from the data and used as the criteria for passing
the out of band response.

A ratio of at least 1 x 106 was used as the pass/fail criteria.

The following plot is an average of 4 sweeps -viewing a ground aluminum

diffuser (Figures 14-1a through 14-19).

‘Data taken from these sweeps, shown in Table 14-la&b was used for the ratio
calculation.,
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Section 15
POLARIZATION
(Reference Test Procedure 68006)

The depolarizer efficiency was determined at the component level of test. The
depolarizer was tested at the two wavelengths of 253.7 nm and 366.0 nm.

- The depolarizer efficiency was tested to determine how well it scrambles the
state of polarization of the incident light. A mercury pen ray lamp was used

as a source. Two mercury line bandpass filters were placed in the incident
beam along with a 3M Polaricoat polaroid filter. A second Polaricoat polaroid

filter was used as an analyzer Jjust in front of the photomultiplier tube
detector.

With the depolarizer removed from the test fixture, the polarizer and light

source were rotated 180 degrees to determine the modulation of the light beam.
The depolarizer was then placed in the fixture, and again the Tight source and

polarizer were rotated 180 degrees. The residual polarization is determined
from the ratio of these measurements.

The following plot (Figure 15-1) shows the results from serial number 001

depolarizer which is installed in the EMU-FLT SBUV/Z instrument.
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Section 16
LIGHT LEAK RESPONSE
(Reference Test Procedure 68031)

Two setups were used in the course of this test. First, the Sensor Module
was placed in direct sunlight, without thermal blankets, and with the aper-
ture door closed. Data was taken in Discrete Mode for five minutes. Each
of the five exposed sides of the Sensor Module was tested in this manner.

The data is shown in Tables 16-la,b,c,d & e. The second test utilized a

high intensity mercury vapor lamp to illuminate each side of the Sensor
Module. The Sensor Module was operated in position mode at a wavelength of
253.7 nm to detect any light leak. Table 16-2 shows the data and the ratio
of 1ight leak response, resulting from the high intensity mercury vapor lamp.

No light leak was found as a result of this test. Since the test was per-

formed without thermal blankets in place, it was concluded that a worst case
test had been performed.
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Section 17
SIGNAL TO NOISE RATIO
(Reference Test Procedure 68026)

The Signal-to-Noise ratio was measured at signal levels which were approxi-
mately 0.8 times, 1.2 times the required radiance, and very near the required

radiance level. With three data points, a curve is established and the signal
to noise ratio at the required radiance level interpolated from it.

Table 17-1 gives the resulting values measured for signal to noise ratio, and

describes how the ratios were calculated.

17-1
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Table 17-1
STIGNAL~TO-NOISE RATIO CALCULATION
WAVELENGTH REGUIRED DISCRETE MEASURED
NM SOURCE INTENSITY REQUIRED STGNAL-TO~
(RADIANCE) - MINIMUM NOISE
W/ Me=sr-R SIGNAL-TO-NOISE
252.0 1.20 x 104 35 43 NOTE 1
273.5 4.98 x 1074 100 333 NOTE 2
283.0 9.78 x 10+ 200 632 NOTE 2
287.6 1.30 x 107> 260 811 NOTE 2
292.2 2.39 x 1073 400 " 1524 NOTE 2
297.5 3.48 x 10> 400 2267 NOTE 2
301.9 3.84 x 107> 400 2667 NOTE 2
305.8 6.72 x 107> 400 4473 NOTE 2
312.5 1.49 x 1072 400" 1204 NOTE. 2
317.5 3.09 x 1072 400 2504 NOTE 2
331.2 2.08 x 10+ 400 8992 NOTE 3
339.8 4.12 x 10°% 400 16119 NOTE 3
CCR 0.125 100 296 NOTE 3

NOTE 4 SIGNAL TO NOISE RATIC CALCULATED AS FOLLOWS: A/N 3875

MEAN COUNTS B
AR DEVIATION = SIGNAL TO NOISE RATIO

NOTE 2 SIGNAL TO NOISE RATIO CALCULATED AS FOLLOWSB

- MEAN COUNTS
SIGNAL TO NOISE RATIO = BACKGROUND NOISE

NOTE 3 SIGNAL TO NOISE RATIO CALCULATED AS FOLLOWS:

SIGNAL TO NGISE AT
REBUIRED RADIANCE

MEAN COUNTS REGUIRED RADIANCE  _
| BACKGROUND NOISE RADIANCE FOR COUNTS

17-2
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Section 18
SHORT TERM STABILITY

(Reference Test Procedure 68026)

The instrument short term radiometric stability is specified as follows:

The radiometric response of the instrument shall meet the following stability
requirements. The corrected mean response of the finstrument shall not differ
by more than 1 percent from a previous or subsequent response measurement made

while viewing the same source operating at equal intensity but separated in
time by at least 24 hours, for each wavelength in the Discrete Mode. The mean

response is to be determined from at least 50 successive data samples taken
with the wavelength drive stopped at each Discrete Mode position. This in-

strument data is to be corrected for changes in instrument temperature and
other response-dependent parameters, if any, before comparisons are made.

The instrument was tested using the Primary Test Fixture, Target Control
Console, and a FEL light source calibrated by the National Bureau of Stan-

dards. FEL source #124 was used to make these measurements.

Measurements were made for baseline, 3 days, 6 days, and 11 days later for

comparison. The data is shown in Tables 18-1 and 18-2.

18-1
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Section 19
WAVELENGTH CALIBRATION STABILITY
(Reference Test Procedure 68030)

Wavelength stability is monitored using the mercury vapor lamp onboard the in-
strument. A sweep mode scan is taken with the lamp door closed (lamp directly
over entrance slit) and a second scan taken with the lamp door open and the

diffuser in the monitor position (light being diffused off the diffuser
plate).

Three spectral lines were chosen from the mercury spectrum at wavelengths
184.,9, 253.7, and 404.7 nm. These lines are approximately spaced at the ends
and center of the instrument's wavelength range. The grating position and
corresponding wavelength of each line is determined by a linear regression
curve fit to each side of the line profile. The intersection of the two

curves yields the wavelength. The results are shown in Table 19-1.

The following plots (Figures 19-1 through 19-10) are line profiles from sweep
mode data taken during a 25°C thermal vacuum plateau. Ten different mercury
lines are plotted. The two curves on each plot are from data taken with the
calibration lamp door closed and with it open and the diffuser on monitor po-
sition. These curves show that a good wavelength calibration check can be
accomplished as well as constant monitoring of the condition of the diffuser
over the entire wavelength of the instrument.

19-1
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Section 20
ELECTRONIC CALIBRATION

(Reference Test Procedure 68026)

Tables 20-1 and 20-2 1ist the E-CAL counts in the Discrete and Sweep-Modes for
both the Cloud Cover Radiometer and Monochromator. The Tables list E-CAL
values at the four temperature plateaus.

20-1



Table 20-1

DISCRETE MODE E-CAL

20-2

INSTR. RANGE 1 E-CAL
TEMP TIME DATA TAKEN AFTER RETRACE
0c 2 (SEC)-| 4. 6 8
0 28308 ¥ | 9124 | 7835 * | 66.79
+10 28499 * | 9118 7807 * | 64.39
1#20 |~ 26663 # | 9108|7781 * | 64.79
+30 28745 * | 9111 7769 * | 63.59
cor % OQVER RANGE-DATA ... . . -4l L
. [INSTR. : RANGE. 2. E-CAL
o TEMP TIME DATA TAKEN AFTER RETRACE
. 08 2. (SEC) g .. 6 "8
0, 10678 | 156.19 | 796 | 63.00
-4 +10 10680 © | 156.79 | 795 | 62.59
1+20 10678 155.59 795 | 62.59
+30 10680 - 156.19 795 | 62.99
| INSTR. RANGE 3 E-CAL
TEMP TIME DATA TAKEN
¢ = - % g0 6 B
1 07 T[T e4r79 T TTTY8E | T 73747 38500
+10 '63:99 7881 7371 | 38461
+20 64.99 787 | 7374 ] 38478
“+30 64.79 787 1. 73717 | 38481
INSTR.l ¢ CCR E-CAL
“TEMP. | (TIME DATA TAKEN. AFTER RETRACE
“ro¢c ! [T 2. (SEC) T O 16 < 8
2l 0 | T44306 960~ 9164f 61.79,
T+10 | 44302 959 9166 | 61.79
+20 -+ P dAIOS ot YEY b ~-Q R4t %, 5O
+30 44294 957 9168 61.79
A/N 3875

B6802-78



i

B6802-78
Table 20-2" "~
_ SWEEP MODE E-CAL = i
TIME OF :
RESPONSE INSTRUMENT “TEMPERATURE
AETER 0 ) 0, a0
RETRACE o°c +10°C +20°C +30°C RANGE
2 SEC 914.70 | 7 913.45° 913.80 913,70 2
4 122.80 122.20 122.30 122,40 3
6 649.75 649.45 649,60 649.55 3
8 3140.95 ~|"3138.20 3139.55 3139.05 3
10 6208.50 6208.55 6209.85 6211.20 3
12 64.53 64.03 64.36 64.22 1
14 64.33 64.10" 64.49 64.31 1
16 64.26 64.18. 64.16 . |. ..64.46 1
18 913.58 913.45 913.65 915.55 2
20 789.42 789.68 788.58 788.42 |
22 122.60 122,60 122,60 122.60 2
24 64.50 64.21 |- 64,53 64,38 1
' CLOUD COVER RADIOMETER
2 35467.0 35465.0 35466 .5 35459.5 N/A
4 772.0 771.0 771.0 770.0
6 7345.0 7350.0 7354.0 7349.0
8 © 60.5 " 77 60.5 "60.0 ' 60.0
10 55953.0 55948.0 55968.5 55967.0
12 64.0 64.0 64.0 64.0
14 64.0 |-  64.0. . 64.0. |. . ..64.0
16 64.0 | . 64.00 1  64.0 | "7 64.0
18 35465.0° | 35465.0 | 35466.0 | 35457.0
20 T11.5 T72:,0 | ~3271.0 ! 770.5
22 - 7347.0° 7349.0 734970~ | ~ 7348.0
24 64.0 62.0 o BaS | - 62.0
A/N 3875

20-3
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