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0 1. INTRODUCTION

" The work *d services performed under ONR Contract N00014-28-C-0708,

£>included several related efforts.

0 (1i) The engineering design of quadrant photo tubes for the SHAD
Satellite Sensor. This included establishment of the engi-
neering design of the tube structure and components to meet
space qualification requirements.

e.(2 Establishment of a tube encapsulation technique for quadrant
* photo tubes for the SHAD Satellite Sensor utilizing space-

qualified encapsulation materials.

:('3) Procure all materials required to fabricate and test space-
qualified quadrant photo tubes for the SHAD Satellite Sensor.

All work required by this contract has been accomplished. The engi-

neering design and encapsulation technique have been defined. The parts

required for fabrication of the quadrant photo tubes for the SHAD Satellite

Sensor have been placed on order and received at SAI and are being prepared

for the fabrication of those tubes.

The following sections provide discussions of the design and encapsula-

techniques developed under this contract.

"* A separate contract, N00014-82-C-0363, has been issued by ONR to SAI

for the fabrication and testing of breadboard and flight-qualified tubes

using parts procured under this contract. Work on that contract is underway

and the results of that effort will be described in a separate report.

2. ENGINEERING DESIGN

The design for the quadrant photo tubes for the SHAD Satellite Sensor

ap was derived from the quadrant guider tube developed by SAI under contract

to the University of Maryland. The basic design remained unchanged, although

revisions were made to the internal tube structure to be more compatible with

the vibration environment to be encountered. The quadrant diode array draw-
ing was revised to specify the tighter inter-diode spacing recommended by

Dr. Currie (Fig. 1).
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The packaging and encapsulation design was completely revised for this
* application. The magnetic shield was redesigned to provide a closed shield.

The encapsulant and HV cables were changed in order to be compatible with

the requirement for use of space-qualified materials, and the method of
attaching the High Voltage cable revised to accommodate the spacecraft's

* environmental requirements.

3. ENCAPSULATION TECHNIQUE

Development of encapsulation technique for the SHAD tubes was an out-
growth of SAI's experience with the encapsulation of the FOS Digicons for
NASA's Space Telescope. The Space Telescope tubes, like those for SHAD,
require the use of space-qualified materials compatible with high voltage
operation and the contamination requirements of a space-based optical system.
After considerable investigation and testing, CONAP EN-11 encapsulant was
selected for use in the FOS Digicons. We elected to use this material for
the SHAD tubes.

* The FOS encapsulation procedure was modified as required for the encapsu-
lation of the SHAD quadrant photo tubes. The initial encapsulated configu-
ration is shown in Fig. 2.

As a part of Contract N00014-82-C-0363, a breadboard SHAD quadrant Photo
0 Tube was encapsulated using this technique and tested to validate the proce-

dure. The details of this effort will be discussed in the final report to
that contract. The first breadboard tests identified two areas of the en-
capsulation design which required revision. There was a failure in the

V faceplate seal area caused by excessive stress placed on the corona shield
by differential expansion over the 1000C test range. This was corrected
by redesigning the shield to eliminate overhang. There was also deformation

of the mu-metal magnetic shield (which also served as the potting mold in
the original design) after being cycled between +550C and -450C. This prob-
lem was cured by casting the encapsulated tube separately, then assembling
it into the magnetic shield with sufficient pre-load to compensate for the
differential expansion. The second tube, which was encapsulated using this
revised design, has performed well after being subjected to both temperature
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cycling and vibration testing. The final encapsulated configuration is shown

in Fig. 3. Figure 4A and 4B illustrate the current interface for the SHAD

Flight Digicon.

4. PARTS PROCUREMENT

Procurement of the materials required to fabricate and test the space-

qualified quadrant photo tubes for the SHAD Satellite Sensor has been accom-

plished in accordance with the drawings developed under this contract. All

parts have been received, inspected, accepted and are ready for the flight

tubes.
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