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SECTION I

INTRODUCTION

1.1 GENERAL

Philips Audio Video Systems Corp., Government Systems Division (PAVSC/
GSD) has completed Advanced Production Engineering (APE) for the DRAGON Njght

VisioN Sight AN/TAS-3.

The AN/TAS-3 is a lightweight, battery powered, passive infrared imaging
system which is used with the Guided Missile System, Surface Attack Mi47 (DRAGON).
AN/TAS-3 enables the DRAGON gunner to search, detect, recognize and aim at
targets during hours of darkness and to accurately track the target during
flight of the DRAGON missile. The AN/TAS-3 is shown in Figure 1-1. Figure 1-2
is an exploded view and listing of major subassemblies.

This Final Report is submitted in accordance wit the requirements of
Contract No. DAAK02-73-C-0047, Contract Data Requirementy List No. A022.

1.2 OTHER DOCUMENTS

Other documents associated with the APE and ED programs for the AN/TAS-3

include the following:
e PAVSC/GSD - GSDR No. 815, June 12, 1975, Production Plan,
e DL649069 Data List, Night Vision Sight, Infrared, AN/TAS-3( ).

® Sﬁ-D-6h9070 Assembly Drawing, Night Vision Sight, Infrared
AN/TAS-3( ).

NOTE: The following documents are applicable to the 'ED'"
model AN/TAS-3 only.

e DTM11-5855-241-10, Operators Manual for Night Vision Sight,
Infrared, AN TAS-3( ).

® DTM11-5855-241-20, Organizational Maintenance Manual
for Night Vision Sight, Infrared, AN/TAS-3( ).

e PAVSC/GSD GSDR No. 639, Technical Manual for Night
Vision Sight, Infrared, AN/TAS-3( ).

® PAVSC/GSC GSDR No. 805A, Final Report for Night Vision Sight,
Infrared AN/TAS-3 (ED Model)
1-1
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1.3 PURPOSE OF PROGRAM

Requirements for this program were to producibility engineer the

T S——

Engineering Development (ED) Model of the AN/TAS-3 and to establish a pilot
production line. In addition, technical data, Special Acceptance Inspection
Equipment (SAIE), manufacturing methods and production tooling were to be
developed. The primary purpose was to minimize the lead time between the

ED phase and production deliveries.
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SECTION ITI

PRODUCTION ENGINEERING

24 PRODUCIBILITY

During the APE program the entire design of the AN/TAS-3 was reviewed
for producibility to determine what changes or modifications could be made
to enable production of the AN/TAS-3 at minimum cost. The results of this
review are discussed in paragraphs 2.1.1 and 2.1.2 which cover
the electronic and mechanical designs.
2.1.1 PRODUCIBILITY, ELECTRONIC DESIGN

Early in the program a reQiew of the electronics design indicated a
number of areas where the major electronic producibility effort was to be ccn-
centrated. Included were the low voltage power supply, boresight pulse gener-
ator, high voltage power supply and the bias network assembly. These and other
assemblies are discussed in the following paragraphs.

2.1.1.1 Low Voltage Power Supply, SM-D~770179

The Low Voltage Power Supply (LVPS), being one of the AN/TAS-3 sub-
assemblies with a relatively high assembly labor content, was selected for a
major producibility effort. The LVPS circuit was similar to the circuit being
used in the Handheld Viewer (HHV) AN/PAS-7 which had been previously hybridized.
Therefore it was decided to incorporate the HHV hybrid into the AN/TAS-3., A
specification control Drawing SM-A-770528 was developed for the hybrid and a
prototype module, SM-D-770179 was fabricated. This prototype module was sub-
sequently tested over the full operating temperature range of the AN/TAS-3,

Results of the test were successful and the module was released as part of the

AN/TAS-3 APE model.




The affect of incorporating the hybrid can readily be seen in Figure 2-1
and 2-2 which compares the "APE" printed circuit assemblies with the original
""ED'"' versions. The "ED" LVéS réquired 96 electronic components which was re-
duced to 34 in the “APE“ hybrid version, a reduction of 64 percent.

Other improvements to simplify assembly and test were also included.
Hinges required to provide access to he module and separation between Board
No. 1 and Board No. 2 on the "'ED' module were eliminated by designing the module
so that it can be completely removed from the scanner housing. In addition,
Board No. 1 and Board No. 2 in the "APE'" model are designed to ''plug together"
as compared to being ''wired together' on the ED model.

2.1.1.2 Boresight Pulse Generator SM-D-770221

Figure 2-3 illustrates the APE model Boresight Pulse Generator SM-C-
770221 vhich replaced the ED model Angular Position Detector SM-C-649081. This
producibility change enabled a single IC amplifier to replace a 14 component,
potted cordwood type module, as illustrared in Figure 2-4. Additionally. a
simple LED Photo transistor detector, SM-A-770L46L4, replaced a 16 piece electro-
optical detector, refer to Figure 2-5. This change eliminated lengthy alignment
and assembly procedures while yielding improved reliability.

2.1.1.,3 Bias Network Assembly

The total bias network for the 64 element AN/TAS-3 detector consists of
21 SM-D-649101 and one SM-D-649107 printed circuit assemblies. These PC assemblies
contain the 64 discrete biasing resistors for the detector. The assembly labor
required for this subassembly is higher than any other subassembly within the AN/
TAS-3, Therefore a major effort was begun in an attempt to simplify this unit.

The evolved plan was to produce a hybrid resistor package and a hybrid FET package.

2~2
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The hybrid resistor package was to contain 11 resistors which were to be
laser trimmed to enable matching of detector responsivity. This approach
would have enabled reducing the number of bias PC assemblies from 22 to 6.
Additionally, a multilayered PC mother board and a printed flexible cable
were to be incorporated to eliminate the extensive cabling required.

An order was placed with Sprague to fabricate the hybrid re-
sistors. In parallel, designs of the new bias and mother PC boards as well as
the printed cable were completed and prototype parts ordered. In July of 1973
it became apparent that Sprague was having difficulty in fabricating the re-
sistor hybrid. Investigation revealed that the problem was centered on the
use of nichrome for the resistance element which necessitated a 1/2 mil ele-
mental line width., This elemental line width and the associated element spac-
ing resulted in problems of bridging and voids that could not be overcome. An
attempt was then made to use silicon/chrome, an experimental material at Sprague,
as the resistive material which would have allowed a one mil line width thereby
eliminating the bridging and void problems. The resulting silicon/chrome units
produced were unstable and subject to drift.

At the time the nichrome problem was recognized it was decided to re-
evaluate APE use of the ED design. It was found necessary to follow a parallel
approach whereby either the hybrid design or the ED discrete design could be
incorporated into the APE units.

Late hybrid delivery slippage and the aforementioned silicon/chrome in-
stability finallyresulted In stoppage of all further resistor hybrid effort in

January 1974. As a result the ED design was carried over into the APE models.

2-8
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2.1.1.4 High Voltage Power Supply SM-D-770211

Figure 2-6 illustrates three versions of the high voltage power supply
(HVPS) . Shown are the ED model SM-D-649110, APE model SM-D-770211 and a hybrid
model. Design of the hybrid microcircuit was initiated early in the APE pro-
gram and it was intended that this would be incorporated in the final APE design.
As can be seen in the illustration the hybrid mode! would have resuited in a
significant size reduction as well as an approximate seven to one reduction in the

number of discrete components.

Initially deliveries of the high voltage hybrid were scheduled for
November 1973. However, during September 1973 it became apparent that initial
deliveries would not be received until December. Schedules indicated that the
December delivery might delay fabrication of the APE AN/TAS-3 units. It was
therefore decided to perform a producibility review on the ED design of the
HVPS, Further delivery and technical problems delayed receipt of the final
hybrids until May 1974. Subsequent electrical testing of the hybrid indicated
that electrical performance was acceptable, however, a failure duriné the screening
acceleration test remained unresolved As a result of the delay the hy'rid was not
used in the APE model.

The major APE modification to the ED design was the substitution of a
recently available, MIL standard interlock switch M8805/101-001 for the dedicated
switch design which had been developed during the ED phase. This had a dual

benefit in that assembly was simplified and that the ED switch design, which

was suspect in several field failures, was eliminated.
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2.1.1.5 Scanner Electrical Assembly SM-D-649105

While performing laboratory tests of the APE Scanner Assembly, SM-D-
770174, at low temperature =4O°F (-40°C) it was noted that the ability of the
motor to start at the low temperature was marginal. These results led to an
investigation of motor drive circuitry on assembly SM-D-649105.

The original circuit used a flip=flop, 1ALATU2 (TI, SNC54673T-06),
which alternately switched providing a return for the motor cur-
rent. Analysis of the circuit showed that at -40°F the flip-flop was current
limiting and not able to adequately sink the motor current thereby reducing
the efficiency of the motor. This reduction in efficiency, at low temperature,
resulted in the marginal starting condition.

The circuit was then modified by using two pairs of NAND gate buffers
configured as a flip-flop. This was accomplished by modifying the printed cir-
cuitry and substituting an M38510/00302BDB microcircuit for the TI device at
1ALAT1U2. Each gate in the new device can provide three times the drive of the
original TI unit. With the gates connected in parallel a further incrcase in
drive is provided thereby assuring that sufficient motor current can be accom-
modated under all operating temperature conditions. This modification has
another benefit, in that the available motor power has been increased thereby
enabling a larger range of scan rate adjustment for the scanner mirror,

The scan mirror scanning rate can now be adjusted to approximately 30 Hz/sec,
without additional circuit changes. This additional adjustment range will be
desirable for image improvement considerations, in future units.

Changes to the circuit were incorporated in the four APE units and tests

performed. Results of the tests showed that the motor will start, in any

position, at temperatures as low as -60°F (-51°C).

2-11




2.1.1.6 Logic Assembly SM-D-649102

During fabrication of the ED units a relatively high incidence of
broken capacitors, C9 and Cl10, on the SM-D-649102 Logic Assembly was noted.
This was investigated and it was determined that the capacitors are being
damaged during handling of the completed assemblies and that their size and

location on the assembly made them subject to damage. A review inaicated

that the capacitors could be reduced in physical size without requiring any
other changes to the assembly, thereby significantly reducing the risk of
damage. The resulting change substituted M39014/01-1455 for the M39014/02-
0218 on the APE units.

2.1.1.7 EMI Modifications

During the latter part of 1972 the ED model of the AN/TAS-3 success-
fully passed EMI test in accordance with MIL-STD-461 and 462. Subsequently, in 1973,
High Level Radiation Effects and Hazard tests were performed at Picatinny
Arsenal. Results of the Picatinny tests indicated that some cor=-
rective action was required. It was determined, however, that because of the
type of changes required it would not be possible to modify the existing ED
units., Therefore, it was decided to incorporate the Picatinny recommendation
in a modification of the APE desigﬁ.

Areas affected were the following:

® Tracker Cable

o Battery Power Leads

® Scanner Housing and Main Frame
Front Support.




Tracker Cable - The tracker cable used on the ED units was a modi-

fication of parts used on the DRAGON Tracker and Launch Tube. Picatinny's
recommendation was that the cable be completely shielded. Design of the
shielding was discussed with both MDAC/TICO and Sanders. As a result of

these discussions and to comply with the APE fabrication schedule it was

decided that PAVSC/GSD would develop the basic design of the shielding and
Sanders vould fubricate the cable. Requirc.ents of the shielding enclostiie
necessitated removing the internal floating capability of the tracker connector
and redesigning the connector mount to provide the float at the mounting

to the AN/TAS-3 main frame. This was accomplished and Figure 2-7 illustrates

the final cable design, SM-D-770439, Figure 2-8 shows the cable installed on the

AN/TAS-3,

Battery Power Leads = Picatinny's recommendation to filter the battery

leads necessitated inserting an immersion and EMI sealed filter module in the

battery lead conduit between the battery connector and main frame. The design
of the filter module is shown in Figure 2-9 and a photograph of the installa-

tion in the APE model of the AN/TAS-3 is shown in Figure 2-10.

Scanner Housing and Main Frame Front Support - The final recommenda-

tion necessitated a design change in the scanner housing SM-E-770728 and the
front support SM-E-770837 to provide an added groove in these parts to enable
an EMI gasket to be installed in addition to an existing ''0" ring. Partial
views of the housing and front support illustrating the added grooves are shown

in Figures 2-11 and 2-12.
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2.1.2 PRODUCIBILITY, MECHANICAL DESIGN

Mechanicai review of the ED drawing package was directed at simplify=
ing fabrication, assembly and test of the AN/TAS-3 to the greatest extent
possible without sacrificing performance or field handling capabilities.
All drawings were reviewed and as a result a significant number of dimen-
sional changes were made. Changes included relaxed as well as tightened
tolerances and in some cases completely redimensioning parts to eliminate
tolerance buildup or to clarify the part. Parts were also monitored during
the fabrication of the APE units and drawings modified as required, consistent
with all requirements so as to reflect the parts as delivered and to minimize
MRB action during any future production. Operations that required drilling
and pining at assembly were eliminated to the greatest extent possible by
fabricating parts with pre-drilled holes and where necessary, desi_ning as-
sembly fixtures to maintain the required tolerances. Critical assemblies
were also reviwed to assure that the tolerance accumulation of piece parts
were within the ranges required for final assembly. When fabricating pro-
duction quantities excessive tolerance accumulation can create problems
that are not readily apparent during fabrication of small lots.

A significant portion of the mechanical effort was associated with the
electronic design and was discussed in paragraph 2.1.1.1 through 2.1.1.7.
Other accomplishments are discussed in the following paragraphs.

2.1.2.1 Scanning Mirror, SM-D-770726

Figure 2-13 illustrates the comparison between the APE and ED models

of the scanning mirror. The ED model required a number of drilling and pining

2-20

haa




¢l=7 24nb iy
L 1655-0-1S 0/d 9 9806%5-0-WS oNBR-o-zm,
v9v2dl Alquiassy 83314 ZZ - |SFCW @3 40441 buiuuedg 8d3lg4 SUp - ISFOW 3dY
h - By
> L% Py,
@ N [ TOT] T

S$31V1d ¥0110vdVI —

2-21




i < mg

——

operations at assembly in addition to cementing the capacitor plates in place.
The APE model is a once piece mirror which eliminated all secondary operations.

2.1.2.2 Objective Lens Assembly SM-D-770172

Specifications required that the AN/TAS-3 be fixed focus. This neces-
sitated that a shimming operation be performed to compensate for variations
in the optical path length to obtain final focus. In the ED model shims were
placed between the detector and the scanner casting as shown in Fiqure 2-1k,
To perform this operation required removal of the scanner cover, disassembly
of the scanner casting from the main frame and removal of the detector.

Initial efforts to simplify the procedure, were directed at providing
a threaded focusing mount for the detector. Engineering models were fabricated
and proved feasible for focusing, however, it was believed that this approcah
might permit relative motion at the detector/scanner casting interface with
a resultant degradation of performance.

The resulting solution is shown in Figure 2-14, An objective lens
subassembly, Figure 2-15 was designed to fit within the lens housing thereby
enabling shimming between the subassembly and the housing. This design re-
tained the rigidity of the ED model while simplifying the procedure and pro-
viding a greater range of adjustment.

2.1.2.3 Battery Frame Subassembly SM-D-770254

The ED model parts, equivalent to SM-D-770254, consisted of four
separate pieces which required approximately 26 transfer drilling operations.
In addition, maintaining the necessary tolerances while fabricating the ED unit,
proved to be difficult. This design was modified in the APE program by re-

ducing the number of parts to three and modifying the concept to allow the
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Figure 2-15., Opi~ci’ Lens Subassembly SM-D-770326
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4

part to be fixtured so as to eliminate all but four transfer drilling opera-
tion. The APE configuration is illustrated in Figure 2-16.

2.1.2.4 Freon Filter/dryer

During field testing of ED units EPR's were received indicating that
freeze ups were occurring in the detector cooling system during operation.
This problem was subsequently eliminated by installiig a filter/dry r in the
gas line between the valve and the cryostat. The filter/dryer in the ED models,
was located within the cover of the AN/TAS-3 and required removal of the cover
and loss of the system nitrogen purge for replacement. While the ED units were
being modified the concept was being reviewed for the APE model. Results of the
review showed that an external location for the filter/dryer would be a sig-
nificant improvement, in that dryer capacity could increase, installation
and replacement simplified and a cartridge concept used for the dryer
element. A cross section of the resulting APE filter/dryer is shown in Figure

-17. Figure 2-18 is a photograph of an installed unit.

2.1.2.5 Coolant Gas Noise Suppressor

At initial turn-on of an AN/TAS-3 the flow of coolant gas is at a
relatively high rate because of the detector demand for rapid cool-down. This
initial transient condition caused the external coolant gas pressure relief
valve to emit a sputtering noise for about the first 10 seconds of operation.
Several approaches to eliminating the sound were tested including different
valves, varying spring rgtcs in the valve and muffling the sound in the front
lens cushion, however, none were successful, The final solution, as shown in

Figure 2-19, was to apply a light off axis force to the poppet of the valve
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to dampen the oscillations, by means of a spring loaded plunger, and exhaust
the gas into the lens cushion. This design proved acceptable and is installed
on all APE units, Figure 2-20 is a photograph of a typical installation.

2.1.2.6 AN/TAS-3 Tracker Mount

Field testing of the AN/TAS-3 ED model demonstrated that boresight
shifts between the Tracker and AN/TAS-3 were occurring at the night sight
tracker mount. An immediate effort was started on the ED program to
eliminate the boresight shift by modifying the tracker mount. During this
period the APE program was in progress and it was recommended by APE per-
sonnel that while modifying the tracker mount consideration be given to elim-
inating the toggle linkage that actuated the engagement of the tracker con-
nector. The reason was two fold in that elimination of the togagle linkage
would significantly simplify fabrication and assembly of AN/TAS-3 main frame
and eliminate a motion recuired by the DRAGON gunner to enaage the connector

The design modification was completed and D units were subsequently
successfully field tested. However, the ED design modifications were a retro-
fit of existing hardware and this necessitated some additional redesign to
adapt the changés to the APE models. The evolution of the tracker mount can
be seen in Figures 2-21 through 2-23 which are, respectively, Initial ED
Tracker Mount, Modified ED Tracker Mount and the APE Tracker Mount.

2.1.2.7 Other Mechanical Producibility Modifications

Additional producibility modifications incorporated into the APE

models are briefly described in this paragraph.
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Battery SM-D-770180 - Battery case tooling modified to incorporate

integral thumb grip in drawn battery case to eliminate cementing on of
separate piece. Battery retainer changed from machined part to casting
to simplify fabrication. Battery retainer riveted to case in lieu of
cementing, to eliminate field failures and simplify assembly. Connector
redimensioned to eliminate tolerance build-up.

Terminal Board Subassembly SM-D-770236 - Terminal board changed to

printed circuit to eliminate assembly of approximately 20 jumper wires and
associated solder connections.

Tracker Mount and Boresight Adjustment - Operation and assembly of bore-

sight adjustment simplified by eliminating unnecessary secondary eclevation
adjustment. Lead-in angle of tracker guides modified to provide improved
engagement alignment with tracker connector. Boresight adjustment parts
redimensioned to improve initial azimuth centering and eliminate tolerance
build-up. Tracker release thumb-activator changed to casting to facilitate
fabrication.

Scanner Housing SM-D-770328 - Transfer drilling operations eliminated

to simplify assembly and provide improved alignment of attached parts.

Main Frame Front and Rear Supports - Consideration was given to chang-

ing the front and rear supports to casting, to eliminate extensive machining,
however, an investigation determined that casting alloys would not provide ade-
quate strength.

Eyeshield Assenmbly SM=D-649095 - The mold for the rubber eyeshield was

modified to provide an internal shoulder. This shoulder plus a metal washer,

which is cemented to the shoulder, provides additional support for the eyeshield
eliminating the possibility of the eyeshield being disloged during field

handling.
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2.2 MAJOR SECOND SOURCE INVESTIGATIONS

In addition to the normal second and/or alternate source investigations
performed by engineering and purchasing major investigations were conducted
on a number of items that are discussed in the following paragraphs.

2.2.1 DETECTOR SM-D-770349

Initially detectors werep-ocured from both SBRC and Optoelectronics for
the AN/TAS-3 ED programs. The first detectors delivered by Optoelectronics
developed soft vacuums and subsequently problems developed in their processing
of arrays. PAVSC provided technical assistance to Optoelectronics in an effort
to resolve the processing problems, however, this effort was not successful.
Therefore in the early phases of the APE program, SBRC was the only qualified
source for AN/TAS-3 detectors.

Further investigation of other potential sources by PAVSC, resulted in
an order being placed with Infrared Industries Inc (1Rl), in September 19735 for
one AN/TAS-3 detector with options for up to nine additional detectors. IRI
forecasted delivery of the first detector to PAVSC by March 1974 with qualified
option quantity deliveries, if exercised, to start in August 1974,

Slippage in IRI's delivery was initially forecast in February 1974 with
problems appearing to be centered in the dewar package and photomask. As it
developed, however, IRI's inability to deliver was caused by unstable and noisy
arrays, IRI continued to work on the problems but they were unsuccessful and
the order was ultimately canceled.

SBRC remains the only qualified source for the AN/TAS-3 detector, at
this time. It should be noted, however, that recent events at Optoelectronics
have altercd their position and they can again be considered as a potential

source,
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2.2.,2 NICKEL-CADMIUM BATTERY CELL SM-A-770338

At thé start of the APE péégram General Electric was the only source for
the AN/TAS-3 Ni-Cad battery'cells. In early 1973 GE indicated that, because of
other production facility commitments, the lead time for the start of produc-
tion deliveries would be up to twelve months, In addition, GE had been un-

willing to accept all specification requirements because their product line was

basically committed to commercial applications.
Because of the preceeding events PAVSC began a test program to compare
the discharge characteristics of GE vs. Gulton battery cells. One set each
of five cells in series, in accordance with the AN/TAS-3 configuration, were
discharged into a 6 ohm static load to simulate AN/TAS-3 operating conditions.
Battery cells used were:
o GE GCR1.,05ST
e Gulton S5R125
e Gulton SR100
Discharge tests were performed at -L°F, 28°F, LO°F, Room Temperature
and 113°F, In all cases the discharge time, from full charge to 5.8 volts was
greater for the Gulton battery cells with the 5R125 providing the longest dis-
charge time. The increase in discharge time ranged from approximately 6/ at
-4°F to 24% at 113°F. A test under dynamic condition at room temperature, with
the cell providing power to operate an AN/TAS-3 yielded similar results. Gulton
cells, however, are approximately twice the cost of GE cells,
To establish Gulton as an alternate source all APE battery cells were

procured from Gulton. The cells were assembled into batteries and subjected to
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environmental tests with the AN/TAS-3 APE models. All tests were successfully
passed. The Gulton 5R125 was thereby established as an alternate battery

for the AN/TAS-3.

2.2.3 CARTRIDGE ASSEMBLY 7 CUBIC INCH, SM-D-770178

Kidde and TAVCO were the sources for cartridges in the ED phase of the
program, It was intended to continue with these vendors throughout the APE
phase and into production with Kidde being the prime source., PAVSC, however,
continued to investigate other potential sources with the intent of develop-
ing a lower cost supplier. Results of this investigation were presented to
the Government in the June 1973 -RAGON Quarterly Review held at PAVSC, Figure
2-2lt is a copy of the cost analysis prepared for the Quarterly Review. At
about the same time it was determined that the quantity of AN/TAS-3 units the
Government was intending to procure was going to be substantially reduced (re-
duced from approximately 5000 to 200), It was also indicated to PAVSC that
about 10 cartridges were to be required for each AN/TAS-3 or a total quantity
of approximately 3000 cartridges. Based on the quantity forecast and quotations
received it was decided that Kidde and TAVCO would be sufficient sources.

In November 1973 Kidde had a prolonged strike and this delayed finaliza-
tion of the cartridge configuration for AN/TAS-3 APE units. At the termination
of the Kidde strike, negotiations were resumed with the aim of finalizing the
cartridge configuration (to assure that replaceable parts from all sources are
interchangeable). A meeting was held with Kidde in early February 1974 at
which time PAVSC's RFQ was discussed. Shortly after this there was a major
reorganizatian at Kidde which involved management pecople directly associated
with the AN/TAS-3 program. In March 1974 PAVSC had a meeting with Kidde manage-
ment at which time Kidde reaffirmed their intention to continuc in the AN/TAS-3

program and respond to PAVSC's RFQ.
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During April, Kidde suddenly reversed its position and stated that
they wou'ld not bid on the AN/TAS-3 APE requirements (Cartridges & Valves) nor
would they bid on any future production orders,

A second meeting was held with Kidde management to reivew their new posi-
tion, Kidde indicated that their No-Bid decision was based on limited future
quantitiecs forecast (3000 to 10,000 cartridges) and the inordinate amount of
handling required to produce the part at their existing Belleville facility.

In addition, the type of program required for the cartridge was no longer con-
sistent with Kidde's future product line,

While the preceding developments were occurring at Kidde, PAVSC was in
contact with TAVCO., 1In October 1973 a preliminary set of APE cartridge drawings
was forwarded to TAVCO for review and comment. These drawings differed from the
ED cartridge in that all parts normally removed from the cartridge for recharging
purposes werc completely detailed to assure interchangeability of these parts from
all sources. After TAVCO's receipt of the drawings, delays developed at TAVCO over
a proprietary rights issue which was not resolved until March 1974,

A formal RFQ, for APE cartridges, was sent to TAVCO on March 1, 1974,
TAVCO did not respond to the RFQ until May 24, 1974 at which time the projected
delivery of for six APE cartridges was 7 to 11 months,

When delays were encountered in obtaining replies from Kidde and TAVCO,
PAVSC again solicited other sources for a charged cartridge. Brunswick Corp.,
was the only respondent, however, the required non-recurring charges could not
be funded at that time.

By this time PAVSC had gained significant experience in recharging of the

cartridges for the ED field tests. Therefore it was decided to solicit quota-
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tions for an uncharged cartridge with PAVSC supplying all cartridge neck
hardware, i.e., restrictors, burst disc---, and charging the cartridges.
Approximately ten potential suppliers were solicited of which Pressure Pak,
East Hampton, Conn,, was the only responsive bidder,

In September 1974 an order was placed with Pressure Pak for 16 cartridges
to be fabricated from AIS1 L4130 steel. Tests to be performed were:

Magnetic Particle

Radiographic

Total Expansion

Permanent Expansion

Helium Leak

Cleanliness

Hydrostatic Burst

Hydrostatic Cycling

Microstructure

Charpy ""V'' Notch (65°F and +155°F)

By early December 1974 all tests except Cleanliness were successfully

completed. Some initial problems were encountered in meeting the cleanliness

D

requiremenis, however, this was rcsclved and the cartridges delivered to PAVSC

{

in January 1975,

Restrictors were then installed in a sample quantity of the cartridges
and the cartridges charged with Freon. The filled cartridges were then sub-
mitted for particulate contamination analysis. Results of the test showed that
the particulate count was within specification requirements.

Further investigation was made, as to adding a corrosion resistant coat-
ing to the unprotected parts of the cartridge. Pressue Pak subsequently had two
sample cartridges oxide coated internally and externally, by the Leeds and
Northrup Steam Homo Process. After receipt the cartridges were sectioned and

subjected to-ten day humidity test in accordance with MIL-STD-8108, Mcthod 507,
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Procedure I. Some arcas of corrosion werc noted after the test, however, the
coating did provide a high degree of corrosion protection. Any future pro-
curement of 4130 cartridges will be oxide coated in addition to the normal
paint finish,
2,2.4 VALVE ASSEMBLY SM-D-649251
The coolant valve assembly SM-D-649251 had been developed by W. Kidde Inc.,
Belleville, N.J. for the ED models of the AN/TAS-3. Bendix Instrument and Life
Support Division, Davenport, Iowa had also been considered, however, since Kidde
was also fabricating the coolant gas cartridge, which interfaced with the valve,
Kidde was the logical choice for the ED phase.
Bendix was again considered as a second source for the APE program and
any resulting production. Two problems remained, however, (1) actuation of the
Bendix valve would require the DRAGON gunner to perform motions significantly
different from those required for operation of the Kidde valve, and (2) approxi-
mately $90,000 in non-recurring costs were required by Bendix. It was decided that
two different operating modes and the non-recurring costs were not acceptable.

Further consideration of Bendix was stopped.

Negotiations continued with Kidde for procurement of the APE
valves and although some problems remainad to {e resolved negotiations
appeared to be nearing completion in mid-March 1974. Suddenly in early
April 1974, Kidde reversed its position and decided to ""No Bid' the Valve

and Cartridge (Refer to Paragraph 2.2.3).

As a result of the Kidde decision Bendix and other potential sources were

requested to submit bids, The position of Bendix remained unchanged and the
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other vendors no;bid. Mcanwhile PAVSC obtained drawings of the detail
valve parts. After reviewing the dréwingsit was decided that PAVSC would
buy piece parté for the valve and perform the assembly in-housc. A producibility
review of the drawings resulted in some dimensional and tolerance changes to
satisfy operating requirements and facilitate assembly. Valves for the APE
units were subsequently fabricated, assembled and installed in the units.
Performance of PAVSC valves has been acceptable.
2.2.5 CATHODE RAY TUBE (CRT) SM-A-649236

Throughout the ED and APE programs PAVSC had a continuing effort to
obtain an alternate source for the CRT which was being procured from Thomnas
Electronics. Although the Thomas parts performed satisfactorily, an alternate
source was sought to improve both the competitive and supply aspects of the
program,

During the ED phase numercus sources were solicited with RCA being
the only supplier to respond within both the technical and cost limitations.

In 1972 an order was placed with RCA for CRT's, RCA proceeded on
the design of the tube until April of 1973 at which time,for technical reasons,
they abandoned their original design and proceeded with redesigned electron
optics. Three of the redesigned CRT's were received in October 1973. Sub-
sequent tests revealed that the tubes required excessive anode current. The
required anode current would have deqraded DNS battery performance, The
CRT's were rejected and further effort with RCA was terminated.

Subsequently an order was placed with Special Purpose Technology Corp.,

Van Nuys, California for CRT's to be evaluated for the APE program. After
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receipt four CRT's were tested and it was determined that the line width ex-
ceeded specifications. These tubes were accepted for test purposes. At this
time all further second source investigations were stopped.

2.3 MANUFACTURING METHODS

A major portion of the APE program was devoted to establishing all manu-
facturing mzthods and tooling required for production of the AN/TAS-3, The re-
quired effort included the following items:

< o Composite Bill of Material

® Assembly Flow Chart
o Assembly Floor Plan
o Assembly Operation Procedures
o Inspection Procedures
o Test Procedures
o Tooling.

A1l items were completed and documznted under a separate Contract Item. Refer to

CDRL No. AO14, Contract DAAK02-73-C-0047, Final Production Plan, GSDR No. 81%,

dated Junz 12, 1975.

2.4 COMPUTERIZED AUTOMATIC TEST SET (CATS)

At the onset of the APE program it had been anticipated that production re-
quirements for the AN/TAS-3 might necessitate the use of cowputerized automatic
testing. As part of the contractual requirements PAVSC performzd a study to de-
termine the feasibility of utilizing a CATS for production testing. The study report,
CDRL #A023, PAVSC GSDR No. 569 was delivered on June 20, 1973 and is attached as

Appendix A to this report,
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2.5 DIFFERENCES DRAGON ''APE' Vs, ED MODEL, AN/TAS-3

In the perfecrmance éf Lge APE program a number of producibility changes
were incorporated into the APE model AN/TAS-3. Additionally, changes were also
made to correct difficiencies noted in field test of the ED model AN/TAS-3, The
major differences are noted in Figure 2-25. Applicable part nunbers and illus-

trations in this report are noted.
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SECTION I1I

SPECIAL ACCEPTANCE INSPECTION EQUIPMENT (SAILE)

3.1  GENERAL
Requirements for the APE program included the development and fabrication
of SAIE Test Stations for production test of the AN/TAS-3, The stations were
successfully completed and verified during the program.
Thirteen SAIE stations were required as follows:
SALE NO.

] Detector/Bias Network Assy

2 Preamplifier/Multiplexer/Logic/Interconnact
Assy

3A Boresight Pulse Generator Assy

38 Scanner Electrical Assy (Circuit Card0

3C Scannar Assembly

h Scannar Assembly (Display)

5A Low Voltage Power Supply

58 High Voltags Power Supply

6A Eyepiece Assenbly

68 Objective Lens Assenbly

7 Scanner Assembly (Mechanical)

8 Gas Leak Detection

9 Audible Noise

10 Main Framz Assenbly

11 Eyepiece Assembly (Light Leakage)

12 Boresight

13 Minimum Resolvable Temderature (MRT)

A brief description of each SAIE station is given in the following para-

graphs.

3.2 SAIE DESCRIPTION

SAIE No, 1 - Fiqure 3-1 - Performs an operational check of the SM-D-770196

Detector, Cryostat Circuit Card Assembly by checking the cool down timz, signal

uni formity and noise on cach detector elenent.




SAIE No. 2 - Fiqure 3-2 - Simulates all input signals and voltages to
test the timing waveforms, multiplexing, and bias voltage resistors of the
SM-D-649077 Preamplifier and Multiplexer Assembly.

SAIE No, 3A - Fiqure 3-3 - Tests operation of the SM-D-770221 Boresight
Pulse Generator Assembly by testing the light emitting diode/photo transistor,
amplifier gain, and waveforms,

649105 Scannz2r-Circuit Card Assembly. Motor drive circuitry and capability,

A
horizontal signal and waveshape, cross hair enable signal, 300 kHz system oscil-
lator, and cross hair circuitry associated with the scanner board.
SAIE No, 3C - Fiqure 3-3 - Electrically tests the SM-D-770174 Scanner As- L

sembly for the following parameters. Motor drive capability, horizontal signal

waveshape and amplitude, cross hair enable signal, 300 kHz system oscillator,

and cross haii circuits associated with the scanncr bcard.

to display video raster and reticle on CRT of the SM-D-770174-1 Night Vision
Sight, Infrared Display (Scanner) Assembly. Also tested are low and high voltage
power supply voltage ampljtudass, scanner speed, CRT deflection signals, and ali
CRT adjustment controls.

SAIE No, SA - Fiqure 3-5 - Tests the SM-D-770179 Low Voltagz Power Supply

Assembly by measuring all output voltages and input currents at half and full
load. Also tested is the noise generated by the switching requlator, all timing

signals, and the 300 volt generated square wave to be used for the high voltage

power supply.
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SAIE No, 5B - Fiqure 3-5 - Tests the SM-D-770721 Circuit Card Assembly

High Voltage. The following parameters are checked. Voltage doublers, voltage
dividers, ripple and noise spikes, and voltages for focus and cutoff control.

SAIE 6A - Fiqure 3-6 - Checks the transmission, resolution, and focal

characteristics of the SM-D-649076 Eyepiecce Assembly.

SAIE 6B - Fiqure 3-7 - Tests the following paramzters of the SM-D-770172

Objective Lens Cell Assembly. Focal length, resolution, and transmittance. This
is done by plotting a line spread function and converting it to a modulation
transfer function via a external digital computer.

SAIE No, 7 - Figure 3-8 - Sets up and tests the CRT aspect ratio, center-

ing, and vertical reticle positioning of the SM-D-770171 Night Vision Sight,

Scanner Assembly.

SAIE No.8 - Figure 3-9 - SAIE #8 performs all n2cessary tests to check
for Freon ik leaks around cryostat, gas vaive, and tubing of the 3M-E-77017i
without access cover, and nitrogen leaks of complete systen with cover installed.
SAIE No, 9 - Figure 3-10 - Tests the SM-E-770171 Night Vision Sight,

Scanner Assembly for audible noise emitted during normal operation.

SAIE No, 10 - Fiqure 3-11 - Test the SM-D-770173 Main Framz Assembly,
launch tube connector engagement, tracker connector engagement, and electrical
continuity of launch tube-tracker cable.

SAIE No. 11 - Figure 3-12 - Tests the presence and level of any light

being emitted from the SM-D-649076 Eyepiecce Assembly when its security shutter

is closed,
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SAIE No, 12 - Fiqure 3-13 - Tests boresight cradle movement and repecat-

ability by insertion of a tracker simulator into the SM-E-770173 Main Frame
Assembly.

SAIE No. 13 - Fiqure 3-14 - Tests the SM-E-770171 Night Vision Sight,
Scanner Assembly to determine the minimum resolvable temperature tolerance which

a system will detect.
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SECTION IV

DETECTOR APE

4.1 DETECTOR APE

To comply with contractual requirenents for pilot line facilities, PAVSC
solicited proposals from Santa Barbara Research Center (SBRC) and Optoelectronics
Corp., for APE programs on the DRAGON 64 element PbSe detector. Proposals were
received from both conpanies in early 1973. About this same time, however,
Optoelectronics had encountered technical problems in fabrication of detectors
and was unable to deliver acceptable detectors foé the ED programs (see para.
2.2.1). Therefore PAVSC entered into negotiations with SBRC for a detector/
cryostat APE program during May 1973.

Nagotiations and preparation of procurement docunants continued until
June 1973 at which timz the government placed a hold on all APE subcontracts.
The hold was initially intended to be for a 30 day period and PAVSC continued
discussions with SBRC, However, the hold continued beyond the initial period
and in Novembar 1973 SBRC notified PAVSC that they would 2xpend no additional
effort on the detector APE negotiations until a firm award date was established.
At this time all effort with SBRC ceased. In early January 1974 PAVSC received
verbal authorization from the governmaent to proceed with subcontracts.

PAVSC had notified the government that because of the approximate six
month delay in the release of the detector APE program it was nccessary to procure

additional detectors, that would not bz fabricated on the SBRC APE pilot line,

in order to meet the fabrication schedule for the AN/TAS-3 APE models.




R T

e

Negotiations we;e completed with SBRC and they were authorized to proceed
with the detector APE program in March 1974. In addition, as a result of Contract
Modification P0001 SBRC was authorized to proceed in April 1974, on the fabrica-
tion of a detector/cryostat SAIE test set and eight additional destectors. Con-
tract Modification P00056 subsequently reduced the nunber of additional dzatectors
from 2ight to four.

The SBRC APE pilot linz was conpleted in September 1974 and the first two
validation detectors and cryostats were shipped to PAVSC in December 1974. The
remaining two APE detectors were kept at SBRC for environmantal qualification
testing.

Vendor delays in the delivery of a data acquisition system and the
cryogznic conpressor to SBRC caused the completion of the SAIE test station tobe

delayed until March 1975,

Environmental qualification testing of the detector/cryostat was started
and completed in April 1975. During the environmental testing the SAIE test

station was used to perform baseline and functional tests on the detector and

cryostat.

3

A1l environmental tests were successfully completed with the exception of
one failure which occured during vibration testing of the detector. Three
detector element leads were determined to be open. During a PAVSC visit to SBRC
in May 1975 this detector was opened to visually examine the internal structure
and the failed leads. Examination revealed that all three leads were broken just
into or adjacent to the weld at the sunburst. This is the point where the 2 mil

wires from the conductive stripping are welded to the sunburst.

b-2
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SBRC indicated that welding workmanship was the cause and corrective
action on any future units will consist of improved operation and inspector
training. It should be noted that no detector failures occurred during
vibration testing of the APE AN/TAS-3 units. All SBRC effort was completed
in August 1975.

4,2 SBRC DOCUMENTS

Included as appendices to this report are the SBRC documents listed
below. These documents were prepared as part of the SBRC APE program
requirements.

Appendix B - Volume | - SBRC Final Production Plan

Appendix C - SBRC SAlE Operation and Calibration Manual.

4-3
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SECTION V

TEST RESULTS

5.1 GENERAL
Testing during the APE program was divided into three general

categoiies; sub-assembly, system and environnental test. All testing

was parformed in accordance with contractual and MIL.-0-9858 requiremants.

Testing was monitored by Quality Assurance by periodic audit of the

testing and review of all data. In some cases, tests were jointly per- ‘

formed by QA and Engineering. Laboratory system test was performed on

SAIE equipment which was developed on thz APE program. SAIE test equip-

ment was verified by governmznt witness of SAIE Verification Test per-

formed in accordance with contractual requirements.

5.2 LABORATORY SYSTEM TEST

A tabulation of significant system test results is presented
in Table 5-1. All units complied with the test requiremants,.
5.3 ENVIRONMENTAL TESTS
5.3.1 SCOPE AND SUMMARY

The environnental tests for the Night Vision Sights fabricated
under Contract DAAK02-73-C-00L7 were performed during the period of
September 27, 1974, to November 13, 1974. Two systems were used for the

environmental program, serial nunbers 30 and 31. All tests were performad

in accordance with and as detailed in the approved test plan, GSDR No. 714,




“INIOd TVJ04 ¥

3HL 30 WO L°0F NIHLIM *¥O¥YIW uz_wqx_JJOU ¥V ONV 32¥NCS Y ONISN HIN3S IvII1d0 N

“IN2W3YIND3Y NOILVDI41D3dS
SY 03IN3S3¥d ATINIQ¥CIIV S! Y1VQ 3HL 03G¥0J3Y LON SI J¥W TYNLIY 3IHL 3JINIS “¥3AIMO

Y3080 HLIM ONIdI3N NI 3¥0W 3Y3M S, 1YW TVALIV 3HL LVHL QZWNSSY 38 AVW LI

L13W SLINMN 3S3HL  “£1 21¥S NO S3INDINHI3L 09-ON ‘09 9NISN @

“ALIND1341

03434 3%3M 0€ N/S 0L IN3N

OYYIW SIXV-4
NO G3SMNJ03 3
JHL NYHL SS3
H ‘0f N/S 30
g ON HLIM IN3
035€NS SLINA N

*1S3L 30 3WIL LY INIWIYINO3Y NOILYII4123dS 3512384 O1 GILSArAY M3IA

ST 10N100 4
0°LL} 8°4L| 0°9L | 0°6l L€ 00Z11-0095 €008
01z} 6°0Z| 602 | i°12 ne 0G9$ -008Z 0004
6°6L! 6°6Lf 0°0L | 66l he 008Z -0%h1 0002
68l 6Ll 9 LL | 6El ok 001l =00L 0001
[0y 1 0 e A/ 8 R 30 - S 84 00L ~-0S¢ 009
[l L e e e o e s 19 055 =SLU 052
n°9¢| T7IE| 9°8¢ | 6°41T s SEl = Szl
s10q 1 700Q "4 4Q
13737
ONNOS °“XVW  ONVE 3AVIOC ¥JIN3D
031234402 (ZH) AJN3ND: Y4 3SION 3781QnY L7Z2°2°2°% | e 1"Tt
E con {oonw |00% 004 SY3IL3W 0ZF 0CH () SNJ04 B Al B O Ay
: NOIIN3L3Y
13 0°0 [£1°0 [€L°0 0°0 W goF 1H9 153408 9z 2y | ET1"T°E
IN3WNO IV
: S1‘o0 10’0 |00 |8Z°0 Weox 1H9 153409 ST THILE VT E
) coaxlid Lol L> e il 8*
1 A S s [F S L7 L*
LS > iLs = 1S 5 |10 15y o=
AN e A (o ¢ € (2) 3YNLYY3IdWIL
qLs (qLcs |als |20° hi' k3 318VAT0S3Y
(2,) LiW YW/ IAD WAWINIW LR AR AL 4l Gt A 4
R EERE %5E N W3 1L¥IA :
: s 9 .9 VAT ] IVLINOZ I ¥0H A vE; 40 Q1314 IS ARAL | Gl B4
| I L
g e F fet ol g LIN3W3Y1N03Y ¥3L13WVHvd ‘Yyvd ‘Y¥vYd
Q3EnNN V13835 Ad NOILYI14123dS 1831 03
SONIGY3Y TVIIdAL ¥00000010
J0£7913

(7300w 3d¥) €-SVL/NV  1S31 W3ILSAS A¥0LVYO8V]

1=§ 378Vl

-




e

At the conclusion of the impact shock test, it was observed
that the mounting bracket support for the tracker mating connector had
loosened. A review was made and it was determined that the condition
was most likely a result of prior insertions and not a direct result
of the shock test. However, this condition was undesirable and design
changes were incorporated to strengthen and provide additional support
for the connasctor mounting bracket. ECO's 23585-0179 and 23585-0189
detail these changes.

Internal inspection of the unit after the impact shock test,
revealed some deformation of the Angle Bracket and Plate used as hinge
supports for the Display Card, SM-D-649106. Thare was no effect on
system operation, but it was deemed desirable to improve the Bracket
and Plate, ECO 23585-0192 increases the strength of thasse parts by a
material change {rom aluminun ailoy 2024%-T3 and 5052-1132 to corrusion
resistant steel, CRES 302.

System inspection, upon completion of the loose cargo bounce
test, revealed the cover for ths battery/cartridge storage compartment
in the carrying bag had opened allowing partial ejection of the battery
and cartridge. While not causing any danage and having no effect on
system performance, it was decided to correct this condition. Accord-
ingly, the design of the compartment cover and striker was changed to
provide more positive retention of the battery and cartridge. ECO
23585-0184 details these changes.

The impact shock and the loose carge bounce tests were repeated

after incorporation of the changes noted. Test results validated the

design changes.
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832 ENVIRONMENTAL TEST RESULTS

The environmental tests are listed in Table 5-2, which
includes the applicable specification, test location, data completed,
and results. When noteworthy problems or circunstances were encountered
during testing, the area of interest and condition are listed in the
remarks column.
533 CONCLUSIONS

Results of the environmental tests on the DRAGON Njght Sight
APE Models, demonstrate compliance with and successful conpletion of
the corresponding requirements and tests of Section J 13 of Contract

DAAKD2-73-C-0047.

5=



*JuswaA0LCW] 39%de.q

340Cccns 83leplleA O3 3sejed du|
=dNp pa433yd 8q || "3S°3 8yl
JO 1|NnsaJ4 e se 40 uolje||eisul
Bbulanp jusq sJdam Asyjl dsyiaym
paulwaslep sq jou p|nod 3Ing ‘ps
-2130U sem 3}@xdedq jsoddns puaeoc
OSpIA 1O uoljewsojep ‘uoiloeds
-ul |eudsiuy Eurdng  *0g10-985¢€C

pue 6/10-585€Z 033 °®sco|
19%oeuaq 340ddns J0333UU0D bu|

-JBW J49%dEd) *3s93 J31je Al |EW

-J4ou pajedsdo jlupn  ‘sw Q| ‘Bol ¢ Tedey | # >20ug
‘syocys g| ¢beq bujAaues u} 3)up pessey f/-0¢-6 0¢ 71l ¥as9 3oecuy
*s9|2Ad sau4yl jo |e103] e
404 jescay °9|2Ad suO = sunoy
Anoy 4oy ploy “sejnuiw G ul
-y3im 4.6G- 01 ‘4 65|+ 38 sdnoy 320yg
4NO4 wndp jlsuedl ul 3iup passey hl-L2-6 ¢ i €08 @4njessdws)
*aunjedsdual Jsjem anoqge J 63
,0§ @4njedscwsy 3ilun "4, 0l%
,h9 @4njeusaduwsy usjey “sanoy
7 40} J83em JO 189) ¢ Jspup
*uojleunbjuod uol13eusco UOLSSIY passey fl=12-6 {iE T rd £ uo | sdswuwy
W3LSAS J04d~QOHLIW |
SHYEYWSY S1INns3d d3.L137dW0a NO g 018 1831
d3W¥054¥3d als 1IW
SLINS3Y L1S3L TVINIWNOYIANI
=9 37evl

e ¢ i T A W

3 Y A A T SN T 7.8 202 7 e

5=5




*1s21 3jnoytnecuyl psysie| A|
-51N38s psuleLsd JS/0D JUSWIJLECUo)
*pesn 3iun dn-yd0, *ssbueyd yosie|

pue J49A02 juswidecwod sbplajsed

/Ad833eq B1epijea 01 ‘n//0l/01
Uo unJ A|snolAsdd 3ss) JO jesdsy

*sixe/sanoy g
H6-G 3uswede|dsip
BujAauses u) 31up

‘H810-58SEC 033 Psusco
luswileduwod sbplJidedsAusileqg
03 13A09 ‘|BUJSIXS JO |eu
-J433Ul JBylis 31un 03 sbewep oy
*31s931 Js3je A||ewdou psjedsco
IUn “WdY ZF 78T 3e sdey

/ 44 z/1 ‘beq BuiAiues uy 31up

ZH50L - ZEWSL W/n Ol
ZEWSL - ZPWT W/n 0§
ZEWZ = ZEdl W/A Ol

:03 pa31safgns usym suolied
-1pul A31]1g13csssns oy “zpg|
03 2ZHyh| uOISSIWs 8|geld383s8p Cy

passey

psssey

passey

psssey

SL-tz-01 b

#L=L1-01 ot

#7L{-01-01 Le

7L=-¢-01 13

Z "3d IX HlIS

M IIIA 718

T °3d IX *#lS

£0SY
3 203Y¥ PoYiay
¢9h/197-aLS TIW

£ ssunog
cb.ieq sscoq

uojlesqip

| # ssunog
cbieqg sscoq

IW3

SHEYW3Y

S17ns3y

W3LSAS
03137dW02 NO
03K¥0543d

J0¥d=0OHL3W
g 0Olg
gls 1IW

1s31

(3.,u9)
-5 378Vl

5-6




Aosaap may ‘diysumo) | [Bp
7§ 8Iroy

340du4 Jy A3unog yincuuoy
Uu013240d103 @21A4BG 3V

06S0 3IND[398LUOY ‘puaojueig
aA1dg Yyodessay sup
UO|3BJCUI0) Ydaeasay YJAO0\

11e pawJojssd suom
IW3 40 uoj1dedoxa 8yl Yyiim “s3sel ||y

CIW3

*NOILVJI01 1S3L1

*pS3ouU UO|3Bwloy
-8p Oy °|eld@3ew Jsbucuys Buisn
ubissp @3e|d pue 383deJq pPIAOICU]
siep!|eA 01 Ix/-nZ-0l PU® #/-0¢-6

und A|snojAsiad s3s81 JO jeacay

crerd
-33ew 319yoeuqg J4sburouls e sajeucd
-402U| 2610-985€C 023 " L# 3s9)
U} se peswJojep S3IE.LqG 3u0ddns
plieog osplA ps|esAsd ULO|1353ds
-U| [eussjuy *38¥dedq juodcns
403125uUu0d Bujlew JsddeU] By

JO SSBUDSO0| CU po|esaed 3ss)
syl 40 uol3is|cwod ucdn 31un

24yl Jo uol3osdsup “s3juswsaoud
-w! 38»delq JO3ID8UUOD bujjew
d9x%oeu3 a3epl|eA 03 ‘}//0¢/6

uc unJ A|snolAasad 3531 JO jesday

I i)

pessey Hl=el=lt L€

pesseq Gl-t12-01 1€

z'¢ ‘“eded
71l ¥asy

¢°¢ "eded
#7il  ¥as9

g% »coug
uumnﬁu

# %9045
3oecuy

SHYVYWIY

W3ILSAS

S11NS3y 031371dW02J NO

03Wd04Y3d

g 018

alS TIW

304d=QOHLIW

1531

(3,09)
¢~S 318Vl

>~




e

..«.,—.-...,.,.,,__.\.,___p

- S i

R

-

SECTION VI

CONCLUSTION

6.1 GENERAL

This APE program has resulted in the fabrication of four pro-
duction engineered models of the AN/TAS-3 and the development of a pilot
production line. All tooling and test equipment necessary to support pro-
duction at a 20 unit per month rate, on a single shift has been fabricated.
A 60 per month rate can be attained by the addition of redundant tooling
and test equipment, in the limiting areas, such as noted in the SBRC Final
Production Plan (Appendix C).

The units produced are a production model of a light weight, re-
liable and rugged passive infrared real time imaging night vision sight
for use with the “yided Micsile System Surface Attack (DRAGON).

6.2 APE MODEL AN/TAS-3

Four APE model AN/TAS-3 units were fabricated from the pilot
line tooling and manufacturing procedures described in the Final Production
Plan (GSDR No. 815). These units, which contained the producibility changes
and improvements described in Section T1I, were subjected to the required en-
vironmental test and successfully passed these tests. During test, some prob-
lems were encountered (refer to Section V) with brackets on the night sight
and the carrying bag. Corrective action was taken in these areas and the tests
repeated to validate the changes.
6.3 RESQLTS

This program has demonstrated that advanced production engineering
can be successfully implemented in parallel with the latter phases of engin=
eering development. Production engincering of the AN/TAS-3 was performed dur-

ing the field test cycle of the ED program and in all cases production versions

6-1
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of modifications necessary to corrcct field deficiencies were incorporated
into the APE models. In some instances where it was not practical to modify
the ED units to correct a deficiency, such as EMI, the modifications were
developed in the APE program and installed in the APE units only.
I f the APE program had not been placed approximately twelve months

would have been added to the production lead time for the AN/TAS-3 resulting
in a twenty five month lead time to the start of delivery in lieu of the
thirteen months forecasted.

PAVSC believes that the existing APE model of the AN/TAS-3 meets all
the requiremnents for a Night Sight for the DRAGON missile system' however, signifi-
cant improvements can be made. These improvements are discussed in Section VII|

Recommendations.

6-2
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SECTION VI
Recommendations
7.1 GENERAL

At the conclusion of the AN/TAS-3 Engineering Development program,
under Contract DAAK02-72-C-0156, PAVSC presented a set of recommendations
for the AN/TAS-3 that will afford significant operational and logistics
improvements. Events have not altered the validity of these recommendations
and they are therefore also presented in this report.

Based on experience gained during development and testing of the
AN/TAS-3, PAVSC recommends that four major areas of improvement to the
existing design be considered. They are:

Thermoelectric (TE) Cooling - Para. 7.2
Image Improvement - Para. 7-3
Extended Range Optics - Para. 7.4
Dedicated TOW Sight ~Parai. 145

Additionally, upgrading for the existing AN/TAS-3 ED model Night
Sights and improvements to ancillary equipment are recommended as follows:

Existing AN/TAS-3 NVS - Para. 7.6
Battery Charger - Para. 7.7
Launch Blast Simuiator - Para. 7.8
Carrying Bag ~ Para. 7.9

Each of the preceding items is briefly discussed in the indicated
paragraphs.

7.2 CONVERSION TO THERMOELECTRIC COOLING

A factor that adds cost and delay to the development of night vision
equipment is the choice of method for cooling infrared detectors to cyrogenic
temperatures. Cooling may be accomplished by one of three methods:

7=1



a. Thermoelectric cooling

b. Bottle cooling by liquefied or
pressurized gas

c. Closed cycle coolers.

Contributing to the complexity of the cooling problem is the need to modular-
ize new equipment designs so that commonality of components (to a varying de-
gree for each equipment) can yield benefits in reduced costs, simplified lo-
gistic support, and orderly technological qrowth.

There are enough performance data on the various methods used for cool-
ing detectors in thermal imaging systems for Army applications that the optimum
cooling method for each particular application has become evident, Applica-
tions may be divided into four broad cateqories:

(a) Thermal weapon sights or viewers operated
by the foot soldier.

(b) Thermal weapon sights or viewers for driving
aids on lightweight and thin skinned vehicles;
such as jeeps, trucks, ARSV and MICV.

(c) Thermal weapon sights and viewers for heavy
vehicles; such as the M-60 and XM-1 Tanks.

(d) Thermai weapon sights and viewers {or fixed
wing and helicopter aircraft.

For the first category, the design and performance requirements are im-
posed by the individual infantryman who must carry his weapons and who cannot
be readily supported or resupplied under fire. His life depends on his ability
as a basic combat element to perform his function,

Accordingly, thermal weapon sights for the foot-soldier must be light-
weight, capable of operating after prolonged exposure to dirt and moisture, and
must be simple to support. Thermoelectric cooling is the only feasible cooling
method for these applications.

The reliability of thermoelectrical cooling and the (acceptable) opera-
tional range achievable with 3 = 5 micrometer systems, far outweigh the addi-
tional range performance that could be obtained with a gas bottle cooled 8 - 14
micrometer system.

In the following paragraphs the disadvantages of the gas bottle approach
as well as the advantages of the thermoelectric cooling approach will be detailed.

e




Disadvantages of the Gas Bottle Cooler for the DRAGON Night Sight

are:

; 1.
{ 2,
i 3.
|
|

k.
§
! 5.
i
{
i
| :
|

With two consumables (battery power and gas pressure)
the rate of consumption is in general, not equal. The
rate of consumption depends upon usage (cycling ‘time
and number of start-ups) and environmental conditions
(temperature) .

The operator has no reliable way to determine the status
of his consumables. Status indicators must be readable
in total darkness, add little or no weight, and must be
inexpensive and reliable. Practical indicators of this
type do not exist and, until developed, constitute a
major objection.

When the pressure runs low, the gas bottle must be changed.
This operation must frequently be performed at night with
Arctic gloves or in the battlefield under fire, The pos-
sibility of contaminating the gas lines during the bottle
change requires that an in-line molecular filter located
close to the cryostat be included. Like the bottle, this
filter must be changed when its useful life has expired.
The useful life expectancy of the filter is unpredictable.
Changing of the filters can be difficult and awkward under
field combat conditions, particularly at night. !
Gas bottles as part of a night sicht inherently represent

a hazard to the foot soldier since they are pressurized at

3000 to 6000 psi. A fragment striking the gas bottle could

prove lethal to the gunner even though it did not hit him

directly.

Gas bottles and fill station equipment as well as the gas
for refilling the bottles represent new items for an already
overburdened Army inventory system.

U.S. Navy history with nitrogen cryogenic bottle refills

on aircraft carriers indicates that the bottle remained

an unsatisfactorily resolved problem aboard aircraft

carriers. The problem of refilling gas bottles under field

combat conditions is expected to be much greater than aboard

ship. Sophisticated field charging stations are necessary

to provide gas bottle refills. ; i

The level of skill required by night sight operations demands ;
more training for gas bottles than for thermoelectric cooling.
Additionally, special training is required for charging sta-
tion attendants, who perform no other function in combat,

D




The continuing need to refill these bottles and replace
filters represent a mounting cost for the entire life
cycle of the equipment.

7. Because high pressure bottles are necessary, the present
technology shows little promise of achieving a low-cost
expendable bottle; for example, projected price for ini-
tial procurement of high pressure bottles are approxi-
mately $25 each in quantities of 10,000 or $100 each in
quantities of 100, To this must be added the refilling

costs,

8. Gas bottles have a limited refilling lifetime. In order not
to exceed this, the bottles must be marked at each refilling,
The vulnerability of a defense, depending upon a gas stock
pile and gas charging stations is considerable since the
destruction of the station could neutralize the NW capability
of entire force depending upon it for supply.

Advantages of Thermoelectric Cooling for the DRAGON Night Sight are:

1. Energy consumed by the thermoelectrically cooled night sight
is from a single source, the same battery that is used to
operate the electronics.

Vic Only spare eries need he carried by the aunner or supply

support act

3. The thermoelectrically cooled unit is lighter in weight than
the gas bottle cooled unit.

L, The thermoelectrically cooled unit is of higher reliability.

a. It does not suffer freeze ups
b. There are no moving parts
c. Thermoelectric cooling is all solid state.

5. No additional training is required for handling or re-
filling bottles.

6. No additional items are introduced into Army inventory
(no filters, gas bottles, or fill stations).

T A force using thermoelectrically cooled sights cannot
be neutralized by destroying a bottle fill station or

a gas stockpile.

8. Ther¢ is no additional hazard to the gunner which might
result from gas bottle pressure.

9. Theremoelectrically cooled night sights will operate
uninterruptedly for the Tife of the battery,

7
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10. A lower demand for personnel skill is required, Tb

11,  Theremoelectric cooling has proved field experience.
The HHV using thermoelectric cooling has been successfully
used in Viet Nam and in operational tests at Ft. Bragqg.

12, When the total cost of ownership over the life cycle of the
equipment is considered, the thermoelectrically cooled
systems represent only their first cost. The bottle cooling
systems represent continuing re-supply costs, more components
to be added to inventory, cost of filling stations and the
labor to operate those stations.

13. To conserve battery use, night sight operation from power
supplied by Army vehicles can be provided.

PAVSC strongly recommends that night vision applications requiring mod-

erate system resolution for ranges out to 2000 meters be covered with 3 -5
micron thermoelectrically cooled equipments. HNear future improved system per-
formance appears to be available through recent advances in TE cooler materials
and fabrication techniques as well as through new and improved detector ma-
terials, better application of available detector performance capability, cold
filtering and other techniques. Considering the operational advantages, the
available performance growth potential and the expected lower cost of the thermo-

lectrically cooled approach it appears hichly desirable to develop a family of

low to medium performance systems using standard modules.

e’

g
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Therefore, it is recommended that the AN/TAS-3 vbe converted to thermo-
electric cooling and that as an interim step, the existing ED units be modified

to TE (see paragraph 7.6).

73 IMAGE IMPROVEMENT

The DRAGON Night Vision Sight (NVS) signal processing has been designed
to combine high sensitivity with fast overload recovery. This was done to opti-
mize the image from weak targets at maximum weapon range. The combination of
these design characteristics has resulted in a signal dynamic range of 25-30 dB
which is sufficient for low contrast targets but results in a image from high
contrast targets, such as vehicles at close range, that have a definite white
on black appearance with loss of grey scale.

Other criticisms of the NVS image have been directed toward raster flicker,
perceptive line structure and low brightness.

A number of improvements to enhance image quality have been devised and
tested in various PAVSC Thermal Imaging systems. These improvements are dis-
cussed in the following paragraphs as set forth in Table 7-1 noting that these
image problems are not entirely separable-=improving one characteristic may or
may not affect others,
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2.3.2

7.3.3

734

TABLE 7-1

IMAGE IMPROVEMENT TECHNIQUES

Preamplifier Signal Processing

a. Overload Recovery

<]

Preamplifier Gains

Preamplifier Bandwidth

(g]

d. High Frequency Compensation
Multiplexer and Video Signal Processing
a. Improved Multiplexer

b.\ Multiplexer Rate

c. Interchannel Blanking

Display

a. CRT Phosphor

b. Image Flicker

c. Increased frame rate

Quasi-Interlace

7-6




7.3.1 PREAMPLIFIER SIGNAL PROCESSING , )

a. 0Overload Recovery - A fast overload recovery circuit is incorpor-
ated into the AN/TAS-3 preamplifier. This allows fast recovery from saturation
due to extremely hot flashes such as is experienced at the moment of missile
launch and ensuing launch tube afterburn. This overload recovery circuit, a
form of signal limiter, is one cause of dynamic range loss. The preamplifier
noise output level is typically 10-15 millivolts p-p and the limited output
level is typically 300-400 millivolts, Dynamic range therefore, varies from
LO to 20. On an experimental basis with limiting removed, the preamplifier
output level has been measured at over 4 volts p-p resulting in a 20 dB im-
provement in dynamic range and a corresponding improvement in scene grey scale
rendition, With this limiting removed, laboratory tests to simulate launch
blast were conducted and no significant increase in recovery time was noted.

On two systems, the Vehicle Austere Night Sight (VANS) a system incorporating
NVS signal processing, and a thermoelectrically cooled version of the NVS with
an extended range lens, the limiting level of the recovery circuit was raised
by a factor of 4, This modification was installed along with a reduction of
preamplifier gain increasing the dynamic range to about 45 dB, The VANS under-
went a series of field test firings with the 105 mm rifle, 20 mm cannon and

50 cal machine gun. NoO excessive overload was noticed and scene grey scale

was noticeably enhanced. The extended range TE cooled system was not exposed

to field test firings although recovery time is expected to be the same as in
the VANS,

b, Precamplifier Gain - The AN/TAS-3 nreamplifier cain of 295 was es- -
tablished to'overcome multiplexer noise. This noise exists in the form of )

switching spikes during which no signal is present at the output. Reducing
preamplifier gain does improve the dynamic range (by reducing the preampli-
fier noise output) but at the expense of S/N ratio. The ability to detect
low contrast tarqgets of around 0.1°K delta is decreased and inter-channel
dead bands increase in width. A decrease in preamplifier gain must be ac-
companied by a reduction of multiplexer spikes (see paragragh 7.3.2).

c. Preamplifier Bandwidth - An increase in the upper cut-off frequency
of the NVS preamplifiers from 2 kHz to 5 kHz was implemented in the VANS and
the TE cooled, extended range NVS. Since the detector noise is essentially
1/f, increasing the upper cut-off frequency will not substantially degrade
S/N but will improve the image quality by reason of an increased MIF, Al-
though no comparative data is available, increesed bandwidth (along with other
image improving modifications) substantially improved picture resolution of
small detailed targets.

d. High Frequency Compensation - On the original TE cooled extended
range NVS,with the frame rate increased to 20, high frequency peaking was in-
corporated to extend the high frequency roll-off to about 3 kHz. This modi~
fication in conjunction with a reduced preamplifier gain of 150 enhanced image

D
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grey scale and small target detection as observed in various field tests.

The effect of higher scan rates and increased high frequency response need
to be further evaluated to determine the overall effect on image improve-

ment.

7 .3.2 MULTIPLEXER AND VIDEO SIGNAL PROCESSING

a. Improved Multiplexer - Decreasing preamplifier gain (paragraph
7 .3.1.b) requires the use of a better multiplexer with a lower level switch-
ing spike in order not to lose S/N, On t.ae VANS and the latest version of
the TE cooled, extended range NVS a multiplexer with a noise energy output
per pulse of 1/5 to 1/10 of the AN/TAS-3 multiplexer was used. The preampli-
fier gain was reduced by a factor of 2.5 without losing S/N, thereby increas-
ing dynamic range and grey scale rendition,.

b. Multiplexer Rate - On the VANS and the improved TE cooled ER/NVS
the frame rate was increased to 30. This required a corresponding increase
in the vertical scan frequency (and the master clock from 30 kHz to 650 kHz)
in order to provide an adequate number of incremental samples and to preserve
a merged raster. The preamplifier bandwidth was also increased as discussed
in paragraph 7.3.1.c. The improved multiplexer can also handle the
corresponding increase in multiplexer switching rate (72 times the vertical
scan frequency).

c. Interchannel Blanking - On the AN/TAS-3 multiplexer, switching
spikes are removed from the video by a short interchannel blanking pulse fed
into the video output stage. On the VANS and on the improved version of the
TE cooled ER/NVS the use of the high speed multiplexers with their extremely
narrow switching spikes obviated the need for this blanking pulse and it was
removed resulting in a more homogeneous display. This is because the scan
efficiency goes from 80 percent (not counting retrace) to 100 percent. Fur-
ther improvement in dynamic range can be achkieved by changing a transistor
shunt switch on the output of the multiplexer (still required for horizontal
cross hair blanking) to a FET switch thereby eliminating clipping of the
video signal at this stage. The resulting improvement in cross hair bright-
ness must be weighed against circuit changes required to incorporate this
EER,

7.3.3  DISPLAY

a. CRT Phosphors - The AN/TAS-3 uses a CRT with a P20 phosphor. This
is a bright yellow=green display (56004 peak) with a persistence of 0.2 milli-
second. Two other CRT's, one with a P28 phosphor and one with a P45 phosphor
were evaluated in the laboratory. The P28 phosphor is yellow-green (55004
peak) with a relatively slow 500 millisecond persistence. It was thought that
this slow persistence might tend to reduce the flicker effect but a side-by-
side comparison with a standard AN/TAS-3 display revealed an overall degrada-
tion of picture quality to an unacceptable level, according to several trained
observers.

7-8
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The PL5 phosphor is white with a 1.7 millisecond persistence. A brief
evaluation was conducted and relatively favorable comments were received re- )
garding a somewhat reduced level of flicker although more testing is needed on

this type of phosphor. The P45 phosphor has been successfully used on two

other PAVSC imaging systems and apparently has less phosphor burn=-in than the

P20 type, an important consideration for the NVS,

b. lmage Flicker - As previously stated the precent AN/TAS-3 operates at
a frame rate of 15 fps. The effective display frame rate seen by the eye ma ' be
one half that or 7.5 fps due to two effects.

Limited low frequency response of amplifiers.

Edge flicker caused by back and forth scan.

The limited low frequency response on the MUS was purposely chosen so as to
provide rapid recovery from strong thermal targets and also to reduce the visibility
of the detector 1/f noise. However, the limited low frequency response produces
differentiation of the video wave form particularly for extended targets. The image
presented on the CRT will therefore be slightly different during the scan from left
to right than from right to left.

The eye is particularly sensitive to this and views the two images as differ-
ent frames and thus in effect, sees a 7.5 fps image.

Edge flicker is caused by another effect. This may be explained by consider-
ing first a target in the exact center of the field of view and secondly, a-turget
near the edge of the field of view. With the target in the center, the video wave-
form would appear as shown in (a) and with the target near the edge as in (b).

(a) J\ ﬂ A LOWEST FREQUENCY

COMPONENT IS I5 Hz

| | |
5 ‘5SEC——- 5 SEC

-

(b) _AL jLﬂ LOWEST FREQUENCY

COMPONENT IS 7.5 Hz

f-———— l—zgsec —_—

0f the two flicker producing effects, the edge flicker effect appears to be

I the lesser. l)
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New signal processing techniques are being investigated on the Common Modules
Program that appear to have application to the flicker, recovery and image quality
problems of the NUYS Specifically, a non linear technique which produces a video
response such as is shown in (c) below.

A HIGH SIGNAL
)
0
z LOW SIGNAL
*
w

() w R AT A
g |/ %
2 |/
>
‘»
FREQUENCY
For weak video signals, the frequency response is extended to very low

frequencies and thus will produce nearly identical frames from right to left and fr
left to right. For very bright extended targets, the video bandpass is reduced in
the low frequency end. This helps to improve the recovery. The expected benefit
this technique is that the normal background which contains relatively weak

nals will be seen at the frame rate of the scanner and with less fatigue produci
flicker. Strong target visibility will possibly be enhanced since the flicker fre-
quency will be one half that of the scanner,

4 Another important benefit expected from this technique is the reduction
virtual elimination of black streaking to the right and left of bright targets. Thi
should substantially reduce the obscuration of weak targets near bright targets,

c. Jlncreased frame rate - On the AN/TAS-3, because of AC coupling and the
edge flicker effect discussed above, the apparent flicker frequency is equal to
one half the frame rate rather than being equal to the frame rate. On the VANS
and on the improved TE cooled ER/NVS the scan rate was increased from 15 to 30
frames per second. The higher frame rate does increase the apparent flicker
frequency and definitely improves the image quality. The increased scan rate
requires changes in the preamplifier and multiplerer as previously discussed.

7.3.4 QUASI-INTERLACE

The present AN/TAS-3 design uses a simple back and forth azimuth scan
motion. The scanned area is covered by a linear array consisting of 64 nearly
contiguous elements. The array geometry is depicted in Figure 7-1. It will be
noted that the inter-element spacing is normally 0.0008 inch and the element
size is normally 0.00315 inch. The actual detectors as delivered have an aver-
age element spacing closer to the upper tolerance limit of 0.001 inch and an
average element size closer to the lower tolerance limit of 0.003 inch. There
exists therefore a gap of roughly 33 percent in the scanned area coverage (not
counting optics spot blurring).

It is possible by interlacing two successive scan fields to double the

number of raster lines in the display (see Fiqure 7-2). This type of interla
will completely eliminate the 33 percent gap. The interlace will provide
overlap of scanned lines resulting in a more uniform display raster, The
number of vertical sample points is expected to also improve the vertical !
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Figure 7-1. NVS Detector Array
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To achieve these desired improvements PAVSC proposes to investigate two
methods for implementing the required interlace scan motion. A preliminary
evaluation of the two methods has shown that each can be designed into the ex-
isting DRAGON Night Sight package with minimum redesign. The two methods are: ')

a. Scan Mirror Interlace - Figure 7-3 shows the method of interlacing
with the scan mirror. The elevation axis is placed on the optical axis to pre-
vent axial displacement, and hence defocus, with interlace. The interlace drive
elements are two push solenoids which are actuated in synchronism with the azi-
muth scan mirror. The existing bounce/contact springs can be used for solenoid
programming. Two adjustable stops are provided to accurately adjust the excur-
sion.

It would be desirable to place the two solenoids on the ''short'' end
of the mirror to provide better balance. However, the drive sector gear is
in the way and a symmetrical system is used instead. The existing balance
weights on the mirror, therefore, remain the same. Since the added mirror
mounting frame and solenoids pushes the center of gravity further away from
the azimuth scan axis, the balance weight on the drive shaft is increased to
compensate for this shift. Electrical leads to the solenoids are flexible
wires of berryllium copper (spring temper) to ensure long life and good flexi-
bility.

The calculated elevation angle movement of the scan mirror is very small
amounting to 0.088°. The linear motion at the drive points is only 0.00095 inch,
To prevent excessive errors from being introduced at the elevation axis flex-
ure pivots will be used instead of ball bearings, thereby eliminating the pos-
sibility of radial play.

b d
Sa

b. Wobble Plate Interlace =~ Figure 7 -l shows the method of interlacing q
using a refractive wobble plate element. Image displacement is generated by

tilting the optical plate in the convergent optical beam. The most convenient
location for the optical plate, considering size, inertia, and balance, is as

close to the detector array as possible. Two rocking solenoids are used which

actuated in synchronism with the azimuth scan mirror. To transform the rock=-
ing motion from a horizontal plane to a vertical plane, a transfer arm (bell
crank) is used. The calculated wobble angle is *4.0° using a 0.020 inch thick
silicon plate.

Some obscuration will occur during the extreme right azimuth scan angle.
However, the amount is very small and deemed acceptable to system performance.
A preliminary investigation indicates the magnitude of the obscuration to be
equal to or less than 5 percent.

7.3.5 RECOMMENDATIONS

Most image improvement techniques discussed in paragraphs 7.3.1 throuah
7.3.3 have been successfully implemented in two imaging systems, the VANS and 4
the TE cooled extended range version of the AN/TAS-3, A substantial degree of
improvement has been achieved in reduced raster flicker, grey scale rendition
and display homogenity as well as improved MRT and MTF, These improvements
have been realized without a major redesign effort and are readily adaptable
to present AN/TAS-3 hardware. l)
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It is therefore recommended that, as a minimum, future versions of the
AN/TAS-3 incorporate the specific modifications listed below.

Overload recovery circuit modification

Preamplifier gain reduction

Preamplifier bandwidth increase (Hi-f cutoff)

High Frequency Compensation (further study required)

New type multiplexer with reduced switching spikes

Increase in multiplexer switching rate (master clock)

Removal of interchannel blanking

Increase frame rate to at least 30 fps

Replace transistor shunt with FET shunt

Change CRT phosphor (further study required)

Evaluate signal processing techniques from Common Module Program.

i = O -n0d Q0O COQ
.

.

Quasi-interlace, as discussed in paragraph 7.3.4, would provide a more
uniform display raster and also improve the vertical MTF, However, the methods
of achieving the interlace have not been mechanically or electrically imple-
mented and the affect on system weight and power consumption evaluated. Fur-
ther study of quasi-interlace is required.

7.4 EXTENDED RANGE OPTICS

Based on PAVSC observations of many missile firings, discussions with
DRAGON gunners and a review of a compilation of most missile firings to date
utilizing the NVS, it appears that the optimum firing range for the DRAGON sys-
tem guided by the AN/TAS-3 against a tank size taraet is about 750 meters. The
resolution and sensitivity of the NVS js sufficient to afford the agunner a good
sight picture of a tank size target under most field conditions at this range.

At 750 meters the gunner has about 8 seconds for his sight picture to
clear from launch blast and afterburn, to recover from launch shock and to re-
establish a smooth track and/or stable aim point.

TOW firings during OT II test phase at Hehenfels, Germany, have
resulted in a 60 percent hit capability from 600 to 1000 meters using the NVS
as compared to a 17 percent hit record using the day tracker under illumina-
tion. An unexpected result was a 75 percent hit record at 1500 to 1675 meters
with TOW,

PAVSC recommends that the NVS be outfitted with a somewhat larger ob-
jective lens 4.9", f/1,2, to give the DRAGON weapon, guided by the NVS, an
optimum hit range of 1000 meters, the maximum wire length of the DRAGON missile.
The extended range NVS would also make the NVS very effective for the TOW mis-
sile system giving the weapon a good hit probability in the 1600 to 2000 meter
range, and providing a good survivability range against threat force night
counterfire, such as that from 50 caliber weapons.

A comparison of the parameters of the AN/TAS-3 and a modified system
incorporating an extended range lens to give the DRAGON system an optimum range
of 1,000 meters is presented in Figure 7-5. Thermoelectric cooling parameters
are included.
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PARAMETER

f#

fL

Lens Dia

DAS (mr)

NETD °C

FOV

Frame Rate/Sec

Detector

Type

Number
Oper. Temp
Cooler Type

Weight (1bs)
Battery Capacity (AH)
Cont. Oper. Time (Hr)

5 Min ON, 5 Min OFF cycles

Display

Type
Magnification

Logistics

Figure 7 -5,

FULL DRAGON RANGE )
AN/TAS-3 NVS
1.2 1.2
3.6|| h.gu
3.0" L.08"
0.86 0.63
0.14 0.14
L4° x 6° 2.9° x L.,4°
15 30
PbSe PbSe
6k 6l
145°K 195°K
Joule~-Thompson Thermoelectric

.

10.3 11.5 est. 32
1 3.6
1 1.8
6 21
CRT CRT
L.8 6.5
Battery Battery
Freon 14
Gas Bottle

Charging Station

System Parameters

D




7.5 RECOMMENDATIONS FOR TOW

During the ED phase of the AN/TAS-3 program several adaptations of the
Night Vision Sight (NVS) were made for the TOW weapon, Figures 7-6 through
7-10. They are:

Sight Cooling Lens Contract
TE/NVS TE -l o S () DAAK02-72-C-0482
ER/NVS JT 7.2" FL, £/1.2 DAAKO2 -73-C-0022
AN/TAS -3

w/TOW Bkt JF 3.6" Ft, £/1.2 DAAKQ2-72-C-0156

These programs demonstrated a number of significant features of the basic
AN/TAS-3 design, as follows:
e Commonality of modules
e Adaptability for conversion to TE cooling

e Adaptability for conversion to a dedicated
TOW configuration

e Capability of performance with the TOW weapon.

Commonality of Modules DRAGON/TOW - The inherent design configuration of
/TAS-3 will permit the complcte scanner assembly to be interchangeable between

/
TOW and DRAGON system. This is true for a JT or TE finail configuration.

AR
i
a

Conversion of TE Cooling - Completion of the TE-DNVS demonstrated that
the existing AN/TAS-3 JT design can readily be converted to TE cooling with
relatively minor changes. These are: removal of the cryogenic cooling sys-
tem, replacement of the Detector/Bias Assembly, modification of the detector
mounting surface, modification of main frame battery bracket and replacement of
the battery. All electronic components, with the exception of the detector and
battery remain identical. Refer to Figures 7-7 and 7-9.

; TOW Confiquration - A dedicated TOW configuration of the NVS is illus-
trated in Figures 7-6 and 7-7. This JT cooled unit includes an integral bore-
sighting mechanism which attaches to the TOW weapon and incorporates a 7.2"
focal length lens. The entire scanner assembly of this unit is identical to
the AN/TAS-3, 1In a TE cooled unit, the outer housing will be substantially
simplified by elimination of the tube portion of the housing required for the
gas bottle and valve.

TOW Firings - TOW firings during OT II tests in Germany, April 1974,
showed the effectiveness (56.2/ hits) of the AN/TAS-3 when used with TOW,
It is expected that hit percentage would have improved had not berm obscura-
tion and gunner attitude been questionable factors as indicated in the PAVSC
field test report. Furthermore, it is anticipated that if the full DRAGON
range optics recommended in paragraph 7.4, or the TOW dedicated extended range
optics is adopted, performances will be substantially improved.
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Based on the preceding factors, PAVSC recommends that, as a
minimum, the AN/TAS-3 be considered as an interim night sight foi
TOW. It is further recommended that to improve performance, mini-
mize logistics and to optimize human factors considerations for the
gunner that a dedicated night sight for TOW be configured wit  ex-
tended range optics (4.9'" FL, f/1.2), TE cooling and a housing de-
dicated for the TOW weapon.

7.6 RECOMMENDATION FOR EXISTING AN/TAS-3 NVS

At this time there are 29 ED and 4 APE models of the AN/TAS-3
in existence. PAVSC believes there is a need to have all
AN/TAS-3 units available on a standby basis. Standby systems will
provide an immediate NVS capability at minimum cost and provide
maximum utilization of the large expenditure of time and Govern-
ment funds that have been invested in the existing system.

Modifications and improvements determined during field testing
which are included in the APE units, have not been incorporated into
all 29 ED systems. Therefore, PAVSC recommends that all ED models
be updated, as reuired, to include the following items:

Improved Boresight Modification

Refurbishment to eliminate degraded detectors
Addition of Freon dryer/filter

Modification to accept ruggedized BVD
Replacement of eyeshields

Addition of noise suppressor valve

Replacement of soft rubber battery connectors

© 0 G e 0 90 0

It is also recommended that the following APE improvements be
included:

© Low Voltage Power Supply
o High Voltage Power Supply
e Scanner Printed Circuit Assembly

The preceding modifications will provide a source of immediate
night sight capability with JT cooling. It has, however, long been
PAVSC's contention that man portable type Night Vision systems should
employ TE instead of JT-type cooling to enhance '"'Designated Gunner'
and operation and minimize logistics problems and life cycle costs (refer
to paragraph 7.2). It is, therefore, strongly recommended that, in
addition to the modifications, all or a portion of the 29 units be con-
verted to TE cooling and modified to incorporated a 4.9 inch focal
length full DRAGON range lens. |t has been demonstrated on Contract
DAAKO2-72-C-0483 and by in-house effort that this TE conversion can
readily be accomplished.
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7.7 BATTERY CHARGER RECOMMENDATIONS

During field testing of the DRAGON Night Sight reports were received of
degraded battery performance, that is, discharge time under field operation
averaged somewhat less than the normal 60 minutes. This led to comparison test
between the Battery Charger Adapter, NVL847 (schematic SC-D-770955) which was
being used in field tests, and a battery charging circuit in use at PAVSC,

The PAVSC charging circuit is shown schematically in Figqure 7-11. Two
DRAGON batteries SM-D-770180 containing Gulton 5R125 cells, SM-A-770338, were
used for the test.

Results of the test are plotted in Figure 7-12 and tabulated in Figure
7-13. As shown, there is a vast improvement in battery performance when using
the PAVSC charging circuit. It is to be noted that in the last charging cycle
(cycle 19) the batteries were interchanged on the charges. As shown, the re-
sulting discharge times were comparable to those previously obtained. This
further confirms the relationship between charging methods and discharge time.

The most significant feature of the PAVSC design is considered to be
the preconditioning cycle which automatically discharges the DRAGON battery
mode. Additionally, in the charging mode, the charging current is controlled
and tapered. Control of the current is maintained by sensing the battery ter-
minal voltage. This combination of characteristics in the PAVSC charger elim-
inates the possibility of battery polarity reversal and thermal runaway. These
conditions are considered to be principle causes of reduced battery performance
when charged in the NVL847 charger.

Therefore, it is recommended that a battery charger suitable for field
use be developed using the PAVSC cireuit. Additionally, the charger should be
capable of operation from 50, 60, 400 cycles and vehicle battery power.

The preceding test results and recommendations were documented in a re-
port to NVL dated 28 February 1975, GSDR No. 793.

7.8 LAUNCH BLAST SIMULATOR RECOMMENDATIONS

In a 60-day program, under modification P00018 to the ED contract, PAVSC
developed an experimental model of a Launch Blast Simulator (LBS)., Results of
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this effort are fully described in a final report dated 2 August 1973, PAVSC
GSDR No. 565. The LBS was designed as a simulator to produce an effect of :)
the Night Vision Sight display similar to that produced by the initial mis~

sile blast and ensuing afterburn.

In an Army feasibility test final report dated March 20, 1974, six
of eight test soldiers stated that the LBS simulator training "would bene-
fit a Night Sight gunner''. In the same report, the U,S, Army Infantry Board,
in part, concluded that "An obscuration device for use with the DRAGON
Training Equipment and Night Sight to train gunners is desirable and feas-
ible'.

During and after gunner training conducted by both PAVSC and the Army,
PAVSC observed 'first round'' firings by student gunners. These observations
showed that first round hits were 52 percent greater by gunners trained using
the LBS then by gunners trained without use of the LBS, First round firings
observed are listed below.

With LBS Training

Hits Firings /5 Hits
19 30 63.3
Without LBS Training
>
Hits Firings 4 Hits JY
9 12 41,6

Based on the Army report and the available PAVSC data, it is recommended
that a launch blast simulator be included in any future NVS training. Use of
the LBS should substantially reduce training costs associated with live firings.
It is also recommended that the existing experimental PAVSC LBS design be im-
proved and ruggedized to make available a unit suitable for field training ap-
plications.

7.9 CARRYING BAG RECOMMENDATION

There have been numerous suggestions during the course of the DRAGON
program for modifications to the Night Vision Sight (NVS) carrying bag that
would improve its utility in the field. Among the most important was a recomment-
ation that the carrier be changed to a back pack confiqguration, with, or with-
out, the use of a back pack frame.

In a technical proposal dated 23 May 1974, PAVSC/GSDR No, 712, PAVSC

recommended that the ‘existing NVS carrying bag design be modified for use with
the standard Army All=Purpose Lightweight Individual Carrying Equipment Sys-
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tem (ALICE), It was also recommended that a supplementary carrier be de-
signed to transport sufficient batteries and coolant bottles to support ten
hours of continuous operation. The proposed concept is illustrated in
Figure7 =14, It is to be noted that in the event TE cooling is implemented,
the concept can readily be modified to eliminate storage for the coolant bot-
tles.

The present NVS carrying bag can be easily modified for use with the
ALICE system of hardware by the addition of the standard design attaching en-
velope to the surface of the bag. The back pack can also be used witho 't the
frame by attaching the standard shoulder straps directly to metal loops and
rings fastened to the bag. A shortened version of the present carrying strap
will remain for use when the night sight must be hand carried.

The design for the supplementary carrier for battery and coolant bottles
is illustrated in Figure 7-15. The basic component in the construction of this
carrier is a simple moldiny of closed cell polyethylene foam, the same material
that is used for the night sight and tracker shock cushions. This molding will
be approximately 3-1/2 inches wide by 7 inches high x 7 inches deep, and will
have three cavities for the support of two batteries and one bottle or the
equivalent of two hours of system operation. Side by side attachment of up to
five of these modules, as shown, will give the required ten hours of operation
in a package 17 inches long by 7 inches high by 5 inches deep. A further ampli-
fication of this concept might include the addition of the Boresight Verifica-
tion Device to the package.

DAVIC

PAVSC recomm hat i

el 5% B ams e b s s et o o ; g iy
iG nat tnis concept oe Given Cconsiderat (on i any tdture

e -
effort concerning the DRAGON Night Vision Sight.

110 IMPROVED BORESIGHT VERIFICATION DEVICE

In February 1973, PAVSC completed the design and fabrication of the first
three experimental models of a Boresight Verification Device (BVD) to be used
during testing and evaluation of the Night Vision Sight (NVS), These experi-
mental BVD's established the feasibility of using a lightweight collimating de-
vice to enable field boresighting between the NVS and the tracker, in lieu of
a distant aiming point, A distant aiming point necessitates finding or setting
up of a common IR and visible radiation source which is remcte from the DRAGON
gunner. The experimental BVD is shown in Figure 7-16. Although the experi-
mental BVD's performed their intended function, they lacked the ruggedness and
ease of operation required for military field use.

In March 1974, PAVSC proposed a program to NVL to ruggedize the BVD and
modify its design to simplify field operation and installation. Authorization
to proceed with this program was given in June 1974, at which time PAVSC began
the redesign effort. Fabrication and alignment of the Ruggedized Boresight
Verification Devices (R-BVD) was completed in February 1975 and environmental
tests were successfully completed in March, Fiqures 7-17 and 7-18 show the R-BVD,
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A1l of the known shortcomings of the experimental models were cor-
rected in the R-BVD, Improvements included:

e Simplified attachment to the NVS and elimination
of the weak attaching latches.

o Increased brightness of the visible tarqget image.
e Improved design to withstand field handling.

e Elimination of exposed cables.

e Simplified machining of parts.

e Simplified internal optical alignment and test.

A review of the completed R-BVD design has indicated that a weight sav-
ing in the order of 0.1 to 0.2 pound can be realized in future units by reduc-
ing some thick steel sections in the inner optical assembly. Actual weight of
the present unit is 2.95 pounds excluding the battery weight of approximately
0.76 pound. In addition an improvement in the visible images of the R-BVD can
be made to facilitate laboratory tests of the units. The present visible im-
ages are satisfactory when the R-BVD is installed in a combined Tracker=-NVS,
It is recommended that these additional improvements be incorporated in any
future production units.
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PHILIPS BROADCAST EQUIPMENT CORP.

A NORTH AMERICAN PHILIPS COMPANY
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Our Government Systems Division is a
leader in the field of electro-optics, with
emphasis on infrared technology. Principal
activities include infrared imaging systems,
low light level television systems, TV sys-
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detection systems.

TELEVISION BROADCAST SYSTEMS

Complete Norelco color and monochrome
TV facilities as well as studio and mobile
units for TV stations and videotape produc-
tion companies.

Plumbicon Color Cameras and Film Chains,
Portable Color Cameras, Console Housings,
VHF Transmitters, Color and Monochrome
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ment, Audio Systems.

NORELCO VCR

New color video cassette record/play unit.
Superb color TV in the convenient 1/2" tape
cassette format. Extremely portable and reli-
able. For educational, training, promotional
and business communications in schools,
medicine, industry and government.

COMMERCIAL VIDEO SYSTEMS

Norelco color and monochrome TV systems
for industrial, educational, medical, military
and Cable TV applications.

AUDIO SYSTEMS

Full systems for radio and television sta-
tions, recording studios, theaters, churches,
schools, industry, hospitals, and all sports

and entertainment facilities.
0/'8/00 Paging and Intercom Systems, Simultan-

. . eous Interpreting Systems, Sound Delay
PHILIPS BROADCAST EQ“'PME‘NT CORP. Equipment, Microphones, Amplifiers, Sound
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Columns, Loudspeakers, Mixing Consoles
Tape Duplicators, Multi-Channel Commu-
nication Recorders.
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