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1.0 INTRODUCTION

| | 1.1 Purpose:

ﬁ: The purpose of this report is to document the results of the

" environmental temperature tests performed on the E/O Bench and Electronic
= Station (E/O Augmentation) which is part of the AH-64 Automatic Test Equip-
e ment (ATE). This environemtanl testing will indicate the E/O Augmentations

ability to support the AH64 Target Acquisition Designation Sight (TADS)/
ﬁ; Pilot Night Vision System (PNVS) at the required high and Tow operating
temperature extremes, to which it will be exposed in field environment.

1.2 Test Objectives:

s The objective of this testing is to perform environmental tests

= which will generate performance characteristics of the E/0 Augmentation at

B temperature extremes of 65°F and 90°F for engineering evaluation. These

_ temperature extremes represent AVIM operational ambient temperature limits.

ﬂi The tests performed provide an indication as to the ability of the E/O
Augmentation to maintain the measurement accuracies necessary to properly

“5 evaluate and test the TADS/PNVS LRUs and SRUs.

b. Specific objectives are:

1. Perform Augmentation Acceptahce Test Procedure (ATP) 13082803 at
the low temperature extreme. '

=TT

fe N
.‘\‘J

f? 2. Perform ATP at the high temperature extreme.

5 3. Determine the amount of temperature induced boresight shift that
- is present in the Far Infrared Module.

b:

o . 4. Determine the amount of temperature induced focus shift that is

| present in the Far Infrared Module.
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- 5. Determine the amount of temperature induced alignment shift that ]
. is present in VIS/NIR UUT Optical path. B
4

ﬂ!‘ 6. Determine the amount of temperature induced focal shifts that are ﬁ%
present in the VIS/NIR UUT Optical path. 5

&

- 7. Determine the amount of temperature induced alignment shift of the ]
L4

l! Visual UUT optical path contained in the Optical Signal Generator 9
B (0S6).

\e
N 8. Determine the amount of temperature induced alignment shifts of
- the EO MUX Optical path contained in the 0SG.

(90
' 9. Determine the amount of temperature induced focus variations which
Ei are present at the visual port of the 0SG.

e 10. Determine the amount of temperature induced focus variations which

are present at the EO MUX port of the 0SG.

Upon completion of the objectives listed above, Martin Marietta collected
the data necessay to perform the required engineering evaluation. The
. objective of this evaluation was:

2 PR 1

1. Evaluate those portions of the ATP which failed either high or low
temperature tests. :

-

A0
N
[ ]

Evaluate data collected during optical testing with respect to
- overall Augmentation performance.

3. Make recommendations referencing the results of the environmental
) temperature testing. _ B

’JIM
PO




2.0 TEST EQUIPMENT

2.1 ATP Test Equipment

Section 3.3.
2.2 Special Test Equipment
2.2.1 In addition to the equipment listed in Section 2.1 the fol-

lowing special equipment was utilized to measure focus and Boresight sifts
of the E/O0 Augmentation:

W 00 ~N O 0 & W N =
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1.3 Applicable Documents:

L ih b

13082803
DRC-C-M402003
13082808-19

Acceptance Test Procedure Augmentation
Critical Item Development Spec
Electro-Optical Bench
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Equipment requirements shall be as listed in ATP 13082803,

EZ8-082800A Optical tool

EZ8-082787A Optical tool

EZ8-082798C Optical tool

Video Monitor RCA

TOAN 4-6 Collimator

[-150 Cuda Fiber Optics Light Source with 36" Fiber Bundle
Two .125" x .5" Steel Dowel Pins

2 x 3 Inch Retro-reflector Corner cube

2-6" Flat Granite Parallels

K&E Model 71-2030 Autocollimator with angle reading attachment
20x Traveling Microscope with X, Y, and Z travel

Temperature chamber capable of enclosing the E/O Augmentation
and maintaining 65+3°F, 90+3°F temp. profiles. (See Appendix
A-5 for chamber description)

Fluke Data Logger 2240C

Thermal Couples Type E-7.
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2.2.2 The following test equipment was used to characterize the
optical tools:

1. Temperature chamber to enclose the optical test tools at ]
65 +3°F and 90 +3°F. See Appendix A-3 for chamber description. ¥

2. Thermotron Thermal Chamber S-1.2.

3. Invar test stand. See sketch - SKOO1 in Appendix A3 for Stand 3
Description. Tfi

4, Kane Mary Temperature Probe EQ728493.

5. Ray Chem. Mini Gun 3, Heat Gun.

6. Air Isolated Optical Table. B
20 x traveling microscope with x, y, and z travel. ;”!

8. Nikon 6D Autocollimator alignment scope. -

9. Fluke Data Logger 2240C.

10. Brunson Model '81' Alignment Scope.
11. D1A Optical Test Stand.

12. Thermal couples Type E57.

2.3 Optical Tool Characterization

2.3.1 The optical tools determined to have an effect on measurement
accuracies were the EZ8-082798C tool, the EZ8-082800A tool and the
EZ8-082787A tool.

These optical test tools were temperature characterized with j;:
) respect to Focus and Boresight shifts over the temperature range of :f;
N, interest. The results of this characterization are shown along with the ‘?;1

test setups and procedures in Appendix A-3.

A1l other test equipment used during the environmental tempera-
ture test was determined not to inject any measurement inaccuracies into
the test and consequently were not characterized.
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3.0 METHOD OF TEST 3

The test methods employed are a combination of Automatic tests, Manual
electro-optical tests, and electro-optical software algorithms.

The Automatic tests consist of the ATP tests which are performed at
the test operators keyboard remote terminal, no manual measurements or
actions are required, with the exception of prompted commands.

The manual electro-optical tests are those tests which the test
engineer is required to perform. The test engineer initialized the E/O
Augmentation, attached the required external test equipment, made the
appropriate measurements, and recorded the test results. These tests are
FIR Boresight and Focus; 0SG Boresight and Focus.

Electro-optic Algorithms are those optical tests which are performed
from the test operators keyboard remote terminal. The test engineer is
required to connect the required external optical stimulus prior to per-
forming each test. Once the tests are initiated, the E/O algorithm is used
to provide electronic stimulli, make the necessary measurements and record
the data. The results were recorded via computer printout making them
available to the test operator. Optical measurements which were performed
by computer algorithms are VIS/NIR Focus and Boresight. See Appendix A-4
for the complete listing of the computer algorithms used.

Due to the types of activities which took place during the execution
of the temperatufe testing a specific test order was implemented. In order
to not disturb the optical test tool alignments and retain similar mechani-
cal interfaces, the optical test measurements were performed sequentially
at the two temprature extremes. This guaranteed all optical test data
obtained ws the result of temperature variations of the equipment under

- test and not due to variations in test setups and mechanical or optical
interfaces. To facilitate this, the Augmentation ATP tests were performed

at the low temperature profile, followed by the optical tests also per-
formed at low temperature. The optical tests were repeated at the high
'#; temprature extreme, followed by the Augmentation ATP which was also

k‘ performed at the high temperature profile.
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3.1 E/O Augmentation Temperatue Test “Test Sequence"

v T W ==

The following represents the order of testing which was observed
during the temperature test:

VERIFICATION TESTING

Thermal Chamber Evaluation - E/O Augmentation
Perform Augmentation ATP at Low Temperature Profile
Perform Augmentation ATP at High Temperature Profile
Develop and verify Software Algorithms for VIS/NIR Br
and Focus Tests

Tool Characterization Tests

Develop test methods for F/R and 0SG Optical Evaluat

TEMPERATURE TESTS

Twenty-four hour soak at 65 +3°F

Perform Augmentation ATP

FIR Module Boresight Test

FIR Module Focus Test

VIS/NIR Module Boresight Test

VIS/NIR Module Focus Test

0SG Boresight Test - TV and EO Mux Ports
0SG Focus Tests - TV and EG Mux Ports.

HIGH TEMPERATURE TESTS

Twelve hour soak at 90 +3°F

FIR Module Boresight Test

FIR Module Focus Test

VIS/NIR Module Focus Test

VIS/NIR Module Focus Test

0SG Boresight Test - TV and EQO Mux Ports
0SG Focus Test - TV and EO Mux Ports
Perform Augmentation ATP.

sight

s e
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3.2 vIS/NIR Boresight Test

y

!' 3.2.1 Boresight shifts due to thermal changes in the VIS/NIR colli- }
] mator module were evaluated by image position shifts, This was accom- 1
f; Plished by projecting a crosshair pattern into the VIS/NIR and imaging it b
) on the CID camera. The intersection of the crosshair pattern was estab- %
g! lished from the camera output. The temperature was changed and the new :

crosshair position found.

L See Figure 3.1.

o To accomplish this, the "EZ8-082800A A" tool with illuminator is
attached to the VIS/NIR mounting assembly. With the aid of a video
monitor, the crosshair pattern is focused on the CID camera. The inter-
section of the crosshair was found by a computer Algorithm which evaluates

- the CID camera output. The temperature was then varied and the new cross-
hair position determined.

3.2.2 Boresight Algorithm

!! The borésight shift of the VIS/NIR collimator was found using
B relative measurements. The point of intersection of a standard crosshair
was calculated at the low temperature then at the high temperature and the
differences were compared. This point of intersection was located in the
- following manner.

The crosshair was positioned as close to the center of the

camera's field of view as was possible by using the "A" tool., Data in the
center 20% of the camera's field of view was then sampled.
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The intersection of the crosshair needed only to lie somewhere near the
center of the sampled area.

') ':wﬂs «—CID CAMERA —
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The horizontal lines signified by 1 and 2 are respectively searched
from left to right for the location where the vertical part of the cross-
hair intersects them. Lines 3 and 4 are then respectively searched from
top to bottom for the horizontal line of the crosshair.

A snapshot of the sampling area in the center of the camera's
field of view is taken and stored in a matrix. The edges of this area are
then searched for the point where the leg of the crosshair intersects it.
This point is found by detecting changes in light intensity. A black

- crosshair was projected on to a white field. The CID camera digitizes this
i' data. Totally black objects are equated with the numer 255. white objects

are lower numbers depending on intensity and contrast. In our case, a line
i of digitized data along the edge of the block would resemble the data
figure below.

N ot dnd
. L |

]

e

140 143 142 147 152 149 160 184 196 201 194 173 152 149 142 144 14] ;j
This could interpolate to a Gaussian line similar to the ,?]
following: _ : 55;
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Noise spikes can be detected along the lower ends of the curve.
They play a lesser role when an event is occuring, i.e., the crossing of a

. | line.

E? Due to the small width of the lines composing the crosshair, the
digital output never reaches 255 (total black). The relative width of a

!? line depends on where a white to black threshold is established. Once

g established relative changes in line position can be evaluated. In the
boresight program, 180 was used as the white to black threshold. It was a
value chosen to keep the effects of noise at a minimum.

The edges of the sample area are searched for a plus crossing
(positive slope) and a negative crossing (negative slope) of 180. The
distance between these points represents the line width therefore, the
point exactly betwen these points would be the center of the line.

i

'-AJAJLJ VP

When all four sides have been searched, four pairs of coordinates
. exist. These coordinates are made relative to the lower left corner of the
.._ sample area (point [0,0]).

iﬁ The straight. line between the left and right points and the upper
and lower points represents the crosshair. The slopes of the two lines are
!! found by the formula:

Slope M = (Y2-Y1)/(X2-X1)
- Now, the coordinates of two points and the slope of two different

lQ lines are known. With this information, the simple formulas shown below
can be solved which will give the (X,Y) coordinates of the intersection of

§5 two straight lines, i.e., the intersection of the crosshair.
For the vertical lines:
Yi= (M *X1) + 8B
Y
9
L 3
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Where:

Y1 = Y point on the line ]
X1 = X point on the line .'4
- ‘M = Slope of the line o
i B] = Zero crossing at axis -
h e
Solve for By: ;ii
r By = ¥1 - (M * x1) s
3 For the horizontal line: -
.
- Y2 = (M2 * X2) + B2
i Solve for By:
A Bz = Y2 - (M2 * X2)
' - .',
3 The intersections coordinates are: <
3 ) -
i X = (By - B2)/(Mz2 - M1) o
Plug X into either of the first two formulas and solve for Y: j:
2 -
P Y = (M] * X) + By
b Y = (M2 *X) + 8 3
3 (See Appendix A-4 for Algorithm listing) R
- ‘ ]
- 3.3 VIS/NIR Focus Test =4
p \:
3.3.1 Focus shifts due to thermal changes in the VIS/NIR collimator }f
f: lenses are evaluated by measuring image size variations. This was accomp- :ﬁq

1ished by projecting, from an external collimator, a slit image into the
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VIS/NIR collimator. The image was focused onto the CID camera. The slit
width is measured, as seen by the camera, at different temperatures. Focus
shifts i.e., slit width variations are expected due to the physical charac-
terists of the VIS/NIR lenses. See figure 3.1l.

To accomplish this, the TOAN 4-6 collimator with a 13 um slit
target was set up externally to the temp chamber. The slit target is
illuminated with a filtered light source. With the aid of a video monitor,
the external collimator optical axis is made coincident with the VIS/NIR
optic axis through a small opening in the temp chamber wall. The VIS/NIR's
collimator lense assembly is then moved to best focus position i.e., smal-
lest slit width as viewed on the video monitor. The slit width is then
measured by utilizing an Algorithm which evaluates the CID camera output.
The temperature is varied and the slit width remeasured.

3.3.2 Focus Algorithm

To prevent dismounting and remounting of the target in the “A"
tool between temperature changes, the focus test was performed by projec-
ting a vertical white line on to the camera detector from an external
collimator. The snapshot of a single horizontal 1ine is taken with the CID
camera.

e /66 PIKELS
/ C\D CAMERA

PR L [ _I

~ Pyyeid

(&— 250 nps —B

Line 1 is 100 pixels long and is positioned at the horizontal center, line '

120. Line 1 is searched from left to right seeking the white vertical
line. This is done several times (20 to 30) and an average is taken. Each

n
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time the line is scanned, the data is stored in a vector matrix where cal-
‘.| culations will be made. The curve will be inverted from the boresight data
R because with the focus test, a white line was projected on to a black back-
ground. The curve resembles the one shown below:

LINE
’ [_ WO TW
———

- THRESHOLY

A INTENS/TY

PIXELS

The digitized data ranged from intensity levels of 255 to about
190. The threshold used was 235. Due to the inherent noise in it is neces-
i' sary to take several data samples and average. It was also noted that more
noise is found in white fields than in black. Occasionally, the sample was
.. too noisy for accurate results and was automatically rejected by the soft-
= ware routine. Using the threshold of 235, the linewidth was calculated.
Twenty good samples were taken to give greater accuracy.

With a change in temperature, it was expected that the focus of
the day collimator would change. This is due to the properties of the opti-
cS 1in the collimator. The VIS/NIR is designed to automatically compensate
for this thermal change. By taking another set of samples and calculating
an average line width, it could be established whether or not the line
became wider, (moved out of focus) or became narrower, (moved in focus).

:‘-.::'-’-j"

Using this method of line width focus evaluation, the focus at
Tow temperature and high temperature could be evaluated.

i (See Appendix A-4 for Focus Algorithm Listing)
L




) 3.4 FIR Focus and Boresight Tests

!' 3.4.1 Boresight and focus shifts due to thermal changes in the FIR

ﬁi collimator module were evaluated by image position shift and image focus

5 degradation respectively. This is accomplished by viewing a FIR slit

- target with an external telescope. See Figure 3.3.

‘ This is accomplished by attaching the EZ8-082787A tool to the

;{} FIR mounting assembly. The FIR target wheel is driven to position 5 and

L the slit is illuminated with the fiber optic light source through the FIR

s aperature. The "A" tool is then focused and the position of the slit with

- respect to the internal crosshairs of the "A" tool is measured. The

- temperature is varied and changes in position of the slit and focus of the

Es _ "A* too) are recorded. (See Figure 3.2).

N 3.5 0S6 - EO MUX Focus & Boresight Tests

. 3.5.1 Boresight and focus shifts due to thermal changes in the EO MUX
collimator of the 0SG module are be evaluated by image positions shifts.

e ~ This is accomplished by establishing the EO MUX optical axis and measuring

& displacements of the projected target referenced to this axis. See Figure

P 3.4,

‘ After installing .125" x .5" Dowel pins in the 0SG EO MUX

. locating holes, a parallel was placed against the pins. A corner cube was

) placed such that one flat side was pressed against the parallel and another

o flat side was against EO MUX mounting surface. The third side of the

corner cube establishes a plane perpendicular to the EO MUX optical axis.
. With K & E scope was autocollimated off flat side of corner cube. The K &
‘;; E scope axis was coincident with the EO MUS's optical axis. The corner
cube was removed and the 0SG lamp turned on. The 0SG filter was placed in
the EO MUX position and the displacement in target image location with
reference to the K.& E scope crosshair was measured. Focus position of
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scope was recorded. The temperature was varied and the Scope was again set
for optical focus. The two focus settings were then compared resulting in
measured focus shift. See Fiqure 3.2.

3.6 0S6 - TV Focus & Boresight Tests

3.6.1 Boresight and focus shifts due to thermal changes in the TV
side of the 0SG module were evaluted by image position shifts. This was
accomplished by superimposing the 0SG target image on a crosshair reticle
tool, which simultaes the TV focal plane. Image displacements were
measured with a traveling microscope. See figure 3.4.

After attaching the EZ8-082798C crosshair tool to the TV side of the
0SG module, the 0SG Tamp was illuminated, the TV mirror was set to the
*OUT" position, and put the filter to the EO MUX position. The traveling
microscope was focused on the center of the crosshair reticle pattern and
the positions of the target image were measured in the X, Y and Z direc-
tions with reference to the crosshair pattern. Positions X, Y & Z were
remeasured and recorded at hi temp. See Figure 3.2.

3.7 Augmentation Acceptance Test Procedure

3.7.1 The E/O Augmentation Acceptance testing was performed as speci-
fied in ATP document 13082803.

'''''''''
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4.0 TEST RESULTS/CONCLUSIONS
4.1 Verification Test Results

Prior to demonstrating the formal 2nvironmental temperature test, a
"dry run" was performed approximately one week earlier. The purpose of
this testing was to identify any problem areas which needed further devel-
opment, to evaluate temperature chamber performance, to verify that proper
Augmentation performance was realizable during the formal temperature test
demonstration, and to aid in the development of the Algorithm's used in the
focus and boresight tests.

4.1.1. Low Temperature Test

The first step in this testing phase was to insure the E/O Augmenta-
tion temperature chamber was capable of maintaining the desired low temper-
ature profile of 65 + 3°F with the E/0 Augmentation powered up and in the
operating condition. To verify this 16 thermocouples were placed in the
chamber to monitor air temperature profiles and equipment temperatures with
a Fluke Data Logger. (See Figure 4.1).
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After the proper temperature profile were achieved, 65 + 3°F, the E/O )
Il Augmentation was then cold soaked for 24 hours prior to the performance of j
the ATP. The ATP was then performed resulting in an all "tests passed" ]
condition, )
]
4.1.2 High Temperature Test >
»
The next step was to verify the E/O Augmentation temperature chamber
{‘ was capable of maintaining the high temperature profile of 90 + 3°F. Once
- the proper temperature profile was achieved the E/0O Augmentation was
temperature soaked for 24 hours. The ATP was then performed and the fol-
lowing failures were encountered:
éﬁ a) Matrix Switch ATP section 4.1.3.
b) Video Signal Generator ATP Section 4.1.10
' c) Photo Multiplier Tube ATP Section 4.2.4
d) Temperature Sensors ATP Section 4.6.1.
e) 28 VDC fixed power supply failure

The matrix switch test failure (a) consisted of relay 14 in Quadant 1
on all 16 relay cards failing to close and relay 15 in Quadrant 4 on all 16
relay cards also failed to close. Investigation of this problem showed the
- cause was two pushed pins on the major adapter contained in the center
N section. This problem was determined to also be the cause of the VSG
failure (b). After repairing the two pushed pins in the major adapter the
Matrix switch and VSG test were reran successfully. No further action was
required.
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The PMT failure (c) was caused by the PMT controller going into an
overload condition before the photo multiplier tube temperature sensor
reached its ATP specified operating temperature. The manufacturer was
contacted and informed of the problem. The manufacturer advised Martin
Marietta to readjust the current overload threshold potentiometer, R14, in
the PMT controller, as upon initial setup the pot was set with too low of a
current threshold. Based on this advice the PMT controller was removed
from the electronic station and R14, the current overload potentiometer,
was set to a value 10 percent less than the initial factory setting,
resulting in a higher current threshold. The PMT controller was then re-
installed in the electronic station. After allowing the PMT cooler to
stabilize at its operating temperature, the PMT test was successfully rerun
with no overload condition existing. To prevent future occurrences of this
problem MMC will consult with the PMT vendor and establish proper adjust
procedures which will become part of AUG engineering data package.

The DC temperature sensors 1 and 3, located in the VIS/NIR Module,
failures were caused by the sensors indicating an incorrect temperature.
This was determined to be caused by the sensors being improperly wired.
Engineering had previously resolved this problem and the latest augmenta-
tion configuration incorporates the necessasry wiring changes needed to
correct the situation. ~Therefore this problem will be corrected when the
Augmentation SNOO3 is updated to the latest engineering.

The 28 VDC fixed power supply, contained in the electronic station,
failure was determined to be caused by a failure of the 600 Vdc power
supply contained in the VIS/NIR Laser Simulator.

The input stage of the 600 Vdc power had become a low impedance path
to ground causing the voltage output of the 28 Vdc power supply to fall
off, since it could not supply the current necessary to maintain nominal
voltage output. Failure analysis of the 600 Vdc power supply revealed the
input stage had indeed become shorted to ground through the 555 timer,
which sets the fixed switching frequency of the supply. Additional
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investigation revealed a design flaw in the capacitive coupling between the
drive transformer and the 555 timer. The coupling capacitor, which is a
polarized polycarbonate style was installed with the reverse polarity.

This caused the 555 failure by exposing it to the high voltage switching
transients generated by the drive transformer. Once the 555's output stage
became shorted, this created the low impedance path the ground on the +28
VDC 1line.

To remedy this situation the manufacturer (Advanced High Voltage
Corp.) was contacted and made aware of the problem, The manufacturer has
agreed to repair all existing units and incorporate design changes which
will have the capacitor installed with the correct polarity.

4.1.3 VIS/NIR Focus and Boresight Agorithm Development

Throughout this testing period algorithm development was taking place.
The results of this development were the generation of the two algorithms
used to determine the amount of focus and boresight changes are present in
the VIS/NIR. See Appendix A-4 for the Algorithm Listings and Sections
3.2.2 and 3.3.2 for an algorithm description.

4.1.4 FIR and 0SG Focus and Boresight
A dry run of the procedures outlined in paragréphs 3.4 and 3.5 was

performed to confirm the validity of these test procedures and familarize
test conductor with the test procedures and equipment.
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4.2 Formal Temp Test Results
4,2.1 ATP Test Results
b 4.2.1.1 Low Temp

The results of the ATP performed at the low temperature pro-
file, 65+3°F, (See Appendix A-2 for computer tab run) demonstrate the E/O
Augmentations capability to function properly at this temperature environ-
ment. Two failures were encountered; ATP sections 4.1.5, digitizer and
o 4.1.8 Resolver Simulator.

The digitizer failurer was caused by operator error when the
test engineer incorrectly connected connector J2 of cable P/N 79906184 to
major adaptor J2. After correctly connecting J2 to major adaptor J3, the
digitizer test was rerun and successfully passed ATP Section 4.1.5, there-
fore this section was signed off and called a good test per ATP section

' . 308.

b2 The Resolver Simulator failure was a non-repeatable failure.

- The ATP Section 4.1.8 was rerun two successive times following the failure,
each time successfully. The random failure was attributed to an Equate

N Missed measurement, consequently no corrective action was initiated. Upon

completion of the retest, the Resolver Simulator was called a good test per
ATP Section 3.8 and signed off,

The occurence of the two failures listed above and their
disposition has been recorded on Mars Tag #3TL1496, (See Appendix A-7)
resulting in an "all tests passed" condition at low temperature.

4.2.1.2 High Temp

The results of the ATP performed at the high temperature pro-
file, 90+3°F, (See Appendix A-2 for computer printout), indicates three
failures occurred. Sections 4.1.10 Video Signal Generator, 4.2.4 Photo
Multiplier Tube, (PMT) and 4.6.1 Temperature Sensors. These failures are
un-related.
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The PMT failure was caused by the temperature sensor, which is
located on Photo Multiplier Tube contained in the 0SA, not reaching the ATP
specified temperaure window of 10 + 5°C. Actual PMT temperature reading
was 17.8°C. To compensate for this the coldness setting, which is control-
led by an adjustment knob on the back panel of PMT controller, contained in
the electronic station, was moved to a colder setting. After allowing PMT
to restabilize at a new temperature, ATP section 4.6.1 was rerun success-
fully. Therefore, the retest was called a good test and signed off per ATP
section 3.8.

Based on the PMT failure encountered, it has been determined
that further engineering evaluation and action is required in this area. A
new procedure will need to be implemented to properly setup and initialize
the PMT controller. This new procedure must insure the PMT is capable of
reaching the correct temperature profile at both high and low temperature
profiles, while also guaranteeing the PMT face plate does not reach a
temperature less than 0°C, as this could cause the face plate to ice over
impairing its functional operation. Action will be as indicated in para-
graph 4.1.2 as a related problem occured during verification test.
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The Temperature Sensors, ATP Section 4.6.1, experienced three
l‘ failures, which were: —

a) Temperature Sensor 1, located in the VIS/NIR gave an incorrect
temperature reading
b b) Temperature Sensor 3, located in the VIS/NIR gave an incorrect -

- -

]
P
sa’e

temperature reading.
c) DBA Source B did not reach the ATP specified temperature in the ]
time allotted.

Failures a and b were caused by the temperature sensors being incorrectly
3 wired. The Augmentation configuration tested, SNOO3, has the Temperature
Sensors wired in such a fashion that they will always read a fixed tempera-

E& ture which is controlled by the potentiometer setting on the temperature

board 13082738. The sensors were initially set to read a temperature near
t; the low temperature profile, 65 + 3°F, which explains why the sensors pas-
)

sed the low temperature ATP test run. However, when tested at the high
temperature profile the failure was apparent.

This problem was discovered previously and current engineering
calls for the temperature sensors to be wired correctly. The only engine-
ering action required to correct this problem is to update the E/O
Augmentation tested SNOO3 to the proper documentation.

-
= per ATP section 3.8.

N

Sf The DBA Source B failure was caused by source B not being ]

3 stabilized at the proper temperature within the ATP specified time. This 3
r— test was immediately rerun, successfully, and signed off as a good test, ’

1

02 To insure that this problem does not reoccur, the times speci- ;
| fied in the ATP for the DBA sources to stabilize at the programmed opera- -4
| . d
k; ting temperature will be re-evaluated to insure erroneous "NO GO" events ]

are minimized and a slight increase in stabilization time is anticipated.
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The VSG failure, ATP Section 4.1.10, failed the composite synch

test. The critical timing signals which are required to pass the composite
Il synch test are generated in Programmable Pulse Generator (PPG) and the PPG
- in S/NOO3 has had a history of intermittent problems (Mars Tag 3TL1472),
therefore, it was suspect as to the cause of the VSG failure. After
removing the PPG card, the timing signals in question were found to check
good. The card (PPG) was then re-inserted which enabled the VSG test to
check good when reran.

. 1
"'.;h“._;m

Voo e
1. R

Further investigation revealed a thermal problem with ICs U5
and U32 on the PPG board. Replacing the IC's with new 54LS04's eliminated
the thermal problem and VSG passed repeated test runs, consequently, ATP
Section 4.1.10 ATP was signed off per Section 3.8.

The results of the failures listed and their disposition has
been recorded on Mars Tag #3TL1498. (See Appendix A-7).

[ 118N

It should be noted that past engineering evaluations have

'i revealed potential thermal problems related to the VSG. To correct this

the latest engineering calls for addition of cooling holes into the equip-
ment drawer, slots to be placed in the VSG assembly, and the camera
controllers to be separated by spacing bars. All of the above will provide
additional cooling to be VSG and lower the temperature inside the elec-
tronics drawer which also houses the PPG CCA. The E/O Augmentation
configuration tested did not have these modifications implemented.
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: 4.2.1.3 The signoff sheets for both ATP runs are contained in
Appendix A-6.

R %
dndadeciine. L.

4.2.2 FIR Results Boresight & Focus

4.2.2.1 FIR Results Boresight.

!g The measured displacement was 10 seconds of arc or 48.5 micro-
) radians. Six seconds of arc can be attributed to the "A' tool. The
absolute measured value is 19.4 microradians.

- This shift is well within the FIR budget of 0.15 mrad.

4.2.2.2 FIR Results Focus

When exposed to the two temperatue extremes, no detectable
i: changes in focus were measured.
li (See Appendix A-6 for Actual Optical Data).

This shift is well within the requirement of 4%.
4.2.3 0SG Boresight & Focus Results

.
h 4.2.3.1 EO MUX Boresight

The amount of Boresight shift measured is as follows:
v X = 8 seconds of arc

B Y = 16 seconds of arc

This shift is well within the requirement of = 0.002 in.

[
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4.2.3.2 EO MUX Focus

No preceptable change in focus was measured between the high
an low temperature extremes.

(See Appendix A-6 for Actual Optical Data).
4.2.3.3 TV Boresight
The following Boresight shifts were measured:

.0002"
-.0012"

A .00U6" displacement can be attributed to the "C" tool thermal
characterization. Therefore, the absolute measured values are:

.0002"
-.0006"

> <
"

This shift is well within the published requirements of - 0.002.

4.2.3.4 TV Focus
A focal change, displacement f = .0013" was observed.
(See Appendix A-6 for Actual Optical Data)

This shift is well within the published requirements of 4.0%.
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4.2.4 Boresight VIS/NIR Results
4.2.4.1 VIS/NIR Boresight. The CID camera is an array of pixels
separated in the X direction by .0018" and in the Y direction by .0014".

The boresight displacements were measured to be:

X = 2.0 pixels x .0018" = 004"
Y = 11.2 pixels x .0014" = 016"

In angular measurements this corresponds to:

33 microradians
131 microradians

-< >
"

The "A" tool temperature characterization accounts for 29 micro
radians in the X direction, therefore, the absolute measured values are:

The required boresight accuracy is + 0.062 mrad.

X = 4 microradians
Y = 131 microradians

Preliminary data analysis indicates that this shift will not
render the VIS/NIR unusable; however, it will be necessary to establish the
VIS/NIR boresight immediately prior to use of the collimator for TPS pur-
poses. This will provide a "snapshot" of VIS/NIR alignment in the same
temp. environment which the TPS will be run and serve as tHe basis of a
relative measurement of UUT boresight shift.
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4.2.4.2 VIS/NIR Focus

Preliminary data reduction of the focus data taken shows an
irregularity in line width change over a continuous focus lens drive com-
mand; therefore, precise temp/focus shift conclusions cannot be made at
this time. The cause of this irregularity cannot be immediately
determined. Preliminary examination of data indicates that the focus
stepper motor may not be executing properly; this is not believed to be a
temperature induced failure. '

MMC engineering will continue to investigate and take appro-
priate action to resolve this item.

(See Appendix A-6 for Actual Optical Data)
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APPENDIX A-1
TEST PLAN

E/O AUGMENTATION ENVIRONMENTAL TEMPERATURE TEST
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TEST PLAN »

E/0 AUGMENTATION A

ENVIRONMENTAL TEMPERATURE TEST j

1.0 TEST OBJECTIVE %
To perform environmental, temperature, verification and qualificrtion tests B

on the TADS PGSE Electronics Station and E/0 Augmentation which will generate E
performance characteristics as a function of temperature for engineering ;
evaluation, {

2.0 TEST METHODS

PP

The test methods employed will be a combination of automatic tests (Aug-
mentation ATP), manual electro-optical tests, and electro-optical algorithms.
A1l tests will be performed at 65 + 3°F and 90 + 3°F. The verification "dry
run" test will constitute performing the Augmentétion ATP and all E/O Bench
focus and boresight tests. This will provide an indicator as to the performance

_... .,v., .
Al . . eg
b a A_“_.A ey A_“ .

of all test fixtures, test chambers, E/0 Algorithms, and the overall test strategy.

It will also identify any areas which need reevaluation or redesign to provide

the required test data.

The temp test will be performed approximately 1 week after the verification
test.

The E/O0 Augmentation is divided into the following sections:

a. Electronic Station

b. Visual-Near Infrared (VIS/NIR}

c. Optical Signal -Generator (0SG)
- d. Far Infrared Station (FIR)
- e. Optical Signal Analyzer (OSA)

The E/O augmentation will be tested as a whole unit by the performance of the

;: : Augmentation ATP. Also items b, c, d shall be tested individually to determine 1
focus and boresight performance characteristics as delineated in this test plan. -?

2.1 ELECTRONIC STATION
The Electronic Station will be evaluated by the execution of the Augmentation b
ATP, Drawing Number 13082803.

2.2 FAR INFRARED (FIR)

2.2.1E1ectronic characteristic of *he TiR Module will be evaluated by performing the
.. ATP,
a 33
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2.2.2 BORESIGHT MEASUREMENT

To determine the amount of temperature induced boresight shift, tool "A"
P/N EZ8-082787A. which has been temp. characterized for alignment will be
used. This tool, which mounts to the FIR in front of the optical aperture
will view an externally illuminated FIR target. The amount of temperature
induced reticle shift will be measured and recorded.

2.2.3 FOCUS MEASUREMENT

Focus shift will be determined by viewing the FIR target through the 'A'
tool and recording focus positions at temp. extremes.

2.3 VISUAL/NEAR INFRARED (VIS/NIR)

2.3.1 Electronic characteristics of the VIS/NIR will be evaluated by the
performance of the Augmentation ATP.

2.3.2 BORESIGHT ALIGNMENT
2.3.2.1 UUT OPTICAL PATH ALIGNMENT

The UUT optical path is evaluated by projecting the reticle of tool EZ8-
082800A onto the internal CID camera. The output of the CID camera controller
will be evaluated by a software algorithm to determine relative alignment shift
between temp extremes.

2.3.3 FOCUS

The VIS/NIR 'UT optical path focus shifts will be evaluated by projecting
a slit from an external collimator onto the internal CID camera. Focus
changes will be measured utilizing an E/0 Algorithm which evaluated the CID
camera controller output. These changes will be recorded between temperature
extremes.

2.4 OPTICAL SIGNAL GENERATOR (0Su)

2.4.1 Electronic characteristics of the Optical 5.gral Generator shall be
evaluated by the performance of the Augmentation ATP.
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2.4.2 BORESIGHT ALIGNMENT
To measure alignment shifts of the two optical paths, test tools EZ8-

s

yrap

1‘ 082798C, K&t telescope model 71-2022, corner cube prism, traveling microscope,
. and parallels will be used.

The temperature characterized EZ8-082798C tool is mounted at the T.V.
optical port. The 0SG target image is superimposed on the (cross-hair)

Seachb b

e

tool and viewed using the traveling microscope. Image shift is recorded be-
tween temp extremes.
The EO Mux optical path is measured by auto collimating off a co: ver cube
prism mounted perpendicular to the EO Mux mounting pins (via parallels). The
0SG image and corner cube are viewed in the K&E telescope. Relative image -—i

shift is recorded between temperature extremes.

2.4.3 FOCUS
g Focus shift will be determined by viewing the 0S5 image with the K&E »
[ telescope and traveling microscope focus positions are recorded at temp :

k- ) extremes.

2.5 OPTICAL SIGNAL ANALYZER (OSA)
hl The 0SA will be fuctionally evaluated by performance of the Augmentation
ATP.

3.0 TEST EQUIPMENT

T——

3.1 TEMPERATURE CHAMBERS

Two environmental test chambers will be utilized. The first test chamber

e
[

will be capable containing the complete electronics station and /0 Benc,

n‘,'
.
2

while the second will be used to temperature characterize the special test

R
‘

tools required.

3.1.1 E/O0 AUGMENTATION TEST CHAMBER
An enclosure will be designed and constructed which will house the complete

!

Electronics Station and E/0 Bench. It will be capable of maintaining the
(o equipment under test at a constant 65+39F or 90+43°F. The enclosure, while main-
taining the desired temperature profile, will allow the test engineer access to

P SOy Y O Y
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the Electronic Station and E/O Bench to connect cables, perform E/Q tests
and perform any maintenance required,

3.1.2 TEST TOOL TEMPERATURE CHAMBER

This environmental test chamber shall be capable of maintaining a constant
65 + 3°F or 90 + 3°F while test tools are being evaluated as to focus and
boresight changes. It shall have provisions tp supply whatever power and
cabling is required, while maintaining the desired temperature profile.

3.2 BORESIGHT ALIGNMENT

The following tools will be used to evaluate the Boresight shifts over
temperature of the UUT indicated:

Test Tool uuT
Tool A EZ8-082787A FIR
£78-082798 C 0SG TV Optical Port
K&E telescope mode! 71-2022 & Corner Cube 0SG Port
Tool A EZ8-082800A VIS/NIR UUT Optical Path

3.3 FOCUS DEGRADATION

The following test tools will be used to evaluate focus changes over
temperature of the UUT indicated:

Test uuT
Tool EZ8-082787A FIR
K&E telescope 0SG-EQ Mux
Tool A EZ8-082R800A VIS/NIR UUT Optical Path
Traveling Microscope 0SG-TV

4.0 INSTRUMENTATION

The E/0 Augmentation Test Chamber will have thermocouples installed at
locations thermal analysis dictates necessary. Once installed all temperature
outputs will be monitored to verify the temp of both the test chamber and
equipment under test is maintained within the specified temperature windows.

5.0 AUGMENTATION - E/O BENCH

The data obtained by running the Augmentation ATP will be utilized as
the baseline data for the environmental test. Initial focus and boresight
data pointsat rcom temperature will not be taken due to the small temperature
differential between 65°F and room ambient,
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5.1 TEST TOOLS

A1l test tools which will affect test measurement accuracies will be
temperature characterized prior to the verification test. This characterization "
shall consist of placing the tools in the tooling environmental test chamber
and measuring boresight changes over the temperature range of interest. This ‘i
data shall be recorded and utilized when characterizing the augmentation.

6.0 DATA ACQUISITION AND REDUCTION

6.1 ACQUISITION

Data will be acquired in three fashions:

1. Computer Printouts - The results of the Augmentation ATP and the E/O
Algorithms will be recorded via the computer readout.

2. Engineering Records - The data obtained by man in loop readings, such
as measured boresight shifts and calibration data, will be recorded
manually.

3. Data logger Printout - The temperature profile of the environmental
chamber and E/Q Bench will be monitored and recorded by a fluke

data logger.
A11 pertinent data will be recorded and documented for inclusion in the

final report.
7.0 GOVERMENT FURNISHED EQUIPMENT

The GFE will consist of a TADS/PNVS Augmentation Unit - P/N 1308-2808-19
(E/0 Bench and Electronic Station) S/N 0003.

This unit is provided on a rent free, noninterference basis. The unit
remains accountable as Government Property under Contract DAAK50-80-C-0014,

e o
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E/0 AUGMENTATION i
ENVIRONMENTAL TEMPERATURE TEST %
DATA SHEET ]
.
65°F 90°F S
1. FIR MODULE ‘
A) BORESIGHT ]
o
B) FOCUS -
C) ATP - PASSED ;
2. VIS/NIR MODULE
A) BORESIGHT
B) FOCUS
C) ATP PASSED
3. 056
g A) BORESIGHT
X TV
EO MUX
§
B) FOCUS
)Tv —————— ——————
g EO MUX _
C) ATP o PASSED
ki 4. OSA
5 A) ATP ~ PASSED
i
S 38
b




‘-"'.

............... T e e e e T R S T T CRIRr It S v S e et A s —w T

APPENDIX A-2

ACCEPTANCE TEST PROCEDURE COMPUTER PRINTOUTS CHECKSUM PRINTOUT
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