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INTRODUCTION

PURPOSE .

This report describes the work and results of a technical evaluation by the
National Aviation Facilities Experimental Center (NAFEC) of rebuilt 23-inch
monochrome cathode ray tubes (CRT's). The purpose of this project was
twofold:

1. To determine the feasibility of rebuilding Federal Aviation
Administration (FAA) large CRT's.

2. To provide a basis for qualifying potential suppliers to ensure
acceptable rebuilt CRT's.

BACKGROUND.

The sole supplier of glass bulbs for the FAA 23-inch CRT's, the type used in
the plan view displays (PVD's) at the air route traffic control centers
(ARTCC's), has ceased their manufacture. This has been done because these mono-
chrome CRT's are fabricated from the same basic glass material as the bulbs
used in making CRT's for commercial monochrome televisions (TV), and the
market for the latter has become essentially replaced by the demand for color
receivers. Although it now appears that the FAA could have these bulbs pro-
duced from commercial color television glass, the termination of supplying
monochrome~type bulbs could create a possibility that the FAA would have no
source for procuring new 23-inch CRT's to replace old or faulty tubes in the
field. A critical shortage, however, might be avoided by rebuilding bulbs

from used FAA 23-inch CRT's. But the original manufacturers of FAA 23-inch
CRT's refuse to rebuild them, because the sole supplier of the new glass

bulbs does not recommend this process due to safety reasons. After careful
review of the problem, Systems Research and Development Service (SRDS),
requested NAFEC to investigate the feasibility of rebuilding the 23-inch CRT's,
and to provide a basis for qualifying potential suppliers of fully acceptable
rebuilt tubes.

The investigation, as initially proposed, was to establish guidelines for, and
to select prospective FAA monochrome CRT's to be rebuilt. The next step was
to develop specifications and/or a work statement and coordinate this effort
through prospective CRT rebuilding vendors with proper plant facilities and
technical expertise.

After the guidelines were established and prospective vendors selected,
contracts were awarded. A close surveillance of progress in the CRT rebuild-
ing process was necessary, due primarily to the vendor's problem in obtaining
an equivalent electron gun. In addition, the 23-inch all-glass bulb required
removal of a fiberglass safety boot laminated to the CRT funnel. This process
was objectionable to all vendors, because it presented a low-yield problem
and created a potentially unsafe processing operation at their plants.
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It was originally planned to use plant source inspection of the vendor-rebuilt
CRT's by FAA inspectors prior to delivery at NAFEC. However, CRT rebuilders

are not generally equipped to provide the test environment that special cate-
gory manufacturers for government and industry must provide under their quality
assurance program standards. This problem was averted by providing the CRT
rebuilder with a work statement which basically covered the essential electrical
parameters and mechanical accessory requirements of the original FAA-E-2573

CRT specifications. In addition, the safety tests and qualification design
tests were waived. These waived requirements were performed at NAFEC, where

the original CRT specifications were applied during final testing at the CRT
Performance Test Facility. The sample size for test specimens of vendors'
contracts was varied, due to cost and time. In addition, all prospective vendors
felt the original design lacked the improvements obtained from experience

with earlier commercial television CRT problems. Basically, all vendors were
concerned about low useful life, insufficient gettering (improper gas ratio),
implosion protection over the shoulder area (tension strap and mounting pro-
visions), and the use of the fiberglass funnel protection technique.

It was established early in the investigation and consultations that the vendors
believed that the process of rebuilding CRT's, except for very special purpose
types, would not be difficult to perform. 1In fact, for most applications, their
general opinion was that the process of rebuilding these government-type CRT's
would be no more difficult than for commercial television CRT's, except for
those with special~type electron guns. With this in mind, and considering that
NAFEC has a very extensive CRT testing facility, a minimal number of con-
straints were placed on the potential vendors.

DISCUSSION

GENERAL.

Through discussions and visits with potential CRT rebuilders who were proces-
sing commercial-type CRT's, guidelines for CRT rebuilding and practical work
statement information were obtained. In addition, manufacturers of industrial
as well as government-type CRT's were contacted.

Current FAA-documented CRT specifications for new CRT production were used as
the basic requirement. From the pertinent test parameters of these specifica-
tions, the rebuilt CRT test data sheet (in appendix A) and a work statement (in
appendix B) were developed. The quality assurance provisions were consider-
ably modified because, if they had not heen, then all CRT suppliers would first
have been required to pass a first article qualification testing by the NAFEC
CRT Test Facility. Many of the rebuilders would then not have been able to
participate in the project. NAFEC evaluated each rebuilt CRT before each
subsequent CRT was authorized or delivered. It was necessary for most vendors
to correct several of their CRT's before an acceptable or usable CRT would be
installed in an operational console,



All prospective CRT rebuilders were provided used CRT's and copies of FAA speci-
fications. It was necessary to provide deflection yokes to most vendors so that
they could obtain the proper electron gun positioning and element spacing.

PROBLEMS AND SOLUTIONS IN PROCESSING THE CRT'S.

A block diagram of the rebuilding process of a CRT is shown in figure 1. The
phosphor was not replaced, because the rebuilders who took part in the program
lacked the proper facilities. To deposit new phospher, the FAA would have had
to contract from the larger CRT-manufacturing houses, where the cost of devel-
opmental contracts for rebuilt tubes would have been prohibitive. Although

one of the CRT rebuilders also produced electron guns, none could build the
23-inch high-resolution CRT electron gun. This gun is unique because of the
requirement for its elements to be carefully spaced to more exacting tolerances
than for commercial guns to ensure peak performance. Unlike the TV-type elec-
tron gun, this gun must generate very bright, high-resolution images on a
relatively large, flat surface. These special electron guns used by the vendors
were purchased separately and required many changes (mostly element spacing

and aperture size) before the CRT specifications were satisfied. One prospec-
tive CRT rebuilder defaulted, because the electron gun problem was too costly
to solve.

None of the rebuilders seemed to have difficulty with their vacuum, bakeout,
and purging processes. As was mentioned, however, removal of the fiberglass
boot (funnel covering) was objectionable to every rebuilder, primarily for
safety reasons. The fiberglass boot was discontinued on commercial television
CRT's many years ago. This discontinuance had been recommended by Underwriters
Laboratories (UL) to CRT manufacturers for the television industry for both
safety and economic reasons. From past experience with commercial TV tubes
which once used the fiberglass cover, there reportedly had been numerous
implosions during plant processing which were attributed to the removal of

this covering. This removal process can cause small and sometimes invisible
cracks and chips in the surface of the funnel glass. Perhaps it is conceivable
that these added stresses to the glass could cause an implosion sometime later.
This is even more critical in the 23-inch tube, with its large, flat surface
area. An objection was raised concerning the difficulty in removing the old
fiberglass boot without using expensive solvent material, an extremely messy
task which created noxious odors. The FAA is developing, with the original
tube manufacturer, a 23-inch CRT that utilizes the Kimcode® implosion pro-
tection system (contract DOT-A76NA-3029). This system makes use of a high-
tension band and a cemented rim band. If a crack would occur in the faceplate
area, virtually no movement of the rim glass would take place. This is because
the tension band rigidly reinforces the rim periphery, and all fragmented rim
glass is firmly cemented to and held in place by the rim band. Due to this
immobility of the critical rim area, the entire envelope is essentially rein-
forced, and there is no sudden, extensive movement of glass, which occurs during
a violent implosion. If this system is found to be practical for the 23-inch
tubes, it will no longer be necessary to use the fiberglass boot. The Kimcode
system is described in a report published by Owens-Illinois, Inc., dated

March 1966: "History of Implosion Protection Systems in the United States,
1958-1966." The fiberglass boot protective cover substantially increases the
cost of new and rebuilt CRT's.
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FIGURE 1. CRT REBUILDING PROCESS




During the rebuilding process, the tube is heated to a level near the cold-flow
point of the glass. During this step, the relatively flat faceplate (radius

of curvature as much as 210 inches) may become too flat causing a reduction in
its strength when the tube is re-evacuated. The manufacturer of the glass
bulbs used for these tubes has warned the CRT manufacturer that rebuilding
these special, large surface area, flat faceplate CRT's could cause fatigue

of the glass.

TEST PROCEDURES.

All tests of the rebuilt tubes were perfomed with the CRT Performance Test Set
located in the CRT Test Facility at NAFEC. The Performance Test Set is a system
composed of a large variety of electro-optical measurement equipment, designed
to test a wide range of CRT's. Besides the various power supplies and associ-
ated current and voltage meters necessary to bias on the CRT's, the test set

is made up of many types of light measurement equipment. They include a
photometer, a spectroradiometer, and a microscope with a motorized scanning-
micrometer eyepiece whose photometric and positioning output information is
digitally fed to a programmable calculator.

All the tubes were tested to see if they met the various specifications neces-
sary to operate in the host display. Resolution measurements were performed

at an average line brightness of 50 footlamberts (fL) and a writing rate of

0.3 inches per microsecond. This is the writing rate of normal data on the

PVD. "Brite" information on the PVD is written at a rate of 0.15 inches

per microsecond, which produces better resolution at the same 50 fL. However,
the brightest information used by the controller is usually adjusted to less
than 10 fL. Performing the resolution test at the extremely high brightness

of 50 fL was, therefore, a more stringent test. The refresh rate used in the
evaluation was 60 hertz (Hz) for better accuracy in the data collection. This
is because this 60-Hz rate was in synchronization with the frequency of the line
power and therefore significantly reduced the oscillations on the data presented
on the face of the CRT under test. Fifty-five hertz is the nominal writing

rate of the PVD. However, any error introduced by this difference in writing
rate is insignificant when weighed against the advantages of making more
accurate measurements at 60 Hz. These same resolution tests were run on two
new nonrebuilt CRT's from the original manufacturer for comparison. A line-
width of no more than 15 mils (1 mil = 0.001 inch) in the screen center and

20 mils at the screen edge, both at a brightness of 50 fL, was considered
acceptable.

The tubes were checked for gas ratio, interelectrode leakage currents, stray
emission, and center and edge focusing. Gas ratio is a measurement of the
amount of gas remaining inside the tube after it has been evacuated. Increasing
amounts of residual gas hastens contamination of the cathode and promotes inef-
ficient emission. Therefore, the lower this reading is, the longer the tube
life is prolonged. The various leakages are inter~element electric currents
present when the tube is properly biased, but without data displayed. Stray
light emission is any '"noise'" visable on the screen other than actual data.

An example of this would be the small "ring'" that is visible sometimes on an
aged tube, which is caused by grid emission. Edge-focusing can be no more than
450 volts above center-screen focusing, which must be in the range of 2,600 volts
to 3,000 volts.
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The CRT's were checked for their modulation characteristics. Modulation is
tested by measuring the amount of control grid drive (voltage above cutoff)
necessary to draw 100 microamperes and 300 microamperes of beam current. This
test indicates whether or not a tube will be adequately bright when driven by
the voltages of the video amplifier used in the host display.

Another step in the testing was the measurement of cutoff voltage. This is a
measurement of the control grid threshold voltage, referenced to the cathode,
that extinguishes the undeflected spot. This voltage must fall within a
specified range in order for a tube to function properly in a given display.
Radius of curvature measurements were performed on several of the rebuilt tubes
to determine if the faceplate curvature was still within the specification.

The CRT's were also tested to see if they would meet the pressure test deline-
ated in the specification. In this test, the tubes were subjected to 45 pounds
per square inch absolute pressure for a period of at least 60 seconds. The
pressure was attained within 60 seconds. There was not enough time to finish
life testing of the CRT's.

RESULTS.

In the test data of appendix A, the various CRT rebuilders are not directly
named, but instead represented by an alphanumeric symbol. The various designa-
tors used for individual CRT rebuilders are: D, M, S, W, W/J and V, represent-
ing the six companies evaluated. All the CRT's passed the gas ratio, element
leakage, and stray light emission specifications. Five tubes had a center-
screen focus voltage outside the specified range.

Company D delivered an operationally successful CRT, but elected not to con-
tinue any further on the contract, due to the difficulty and cost of obtaining
electron guns. They replaced the cathode of the electron gun, and the tube
checked out according to most of the original specifications. This tube was
installed in a PVD and placed in operational service at NAFEC. Company D,
however, did evaluate the expended CRT's delivered by the FAA and concluded

that there was entirely too much contamination. This contamination caused

the low life of these new CRT's. They believed the electron gun of the original
tube also needed improvement.

Company M produced six CRT's, but only two were considered qualified for
operational use, and these had poor cathode emission characteristics. These

two were installed in display consoles after completion of qualification testing.
This CRT rebuilder increased the getter size and changed the grid material

(gold plated) for better protection against contamination. These tubes are

now being life tested to evaluate the effect of these modifications for improved
life.

Company W produced four out of five CRT's considered qualified for life testing.
However, only one was of sufficient quality to be used in an operational display.
The company added an antenna getter for proposed longer life of the CRT.
Placement of the antenna getter was very critical, and the electron gun mounting
supports had to be modified. This was necessary because, in operational use,



the CRT is varied from the faceplate being in the vertical plane to the hori-
zontal plane. This transition is not a smooth mechanical function. The antenna
getter extends beyond the CRT neck area into the bulb funnel and lies against
the funnel sidewall, and any movement will cause it to interfere with the
electron beam. These tubes are also being life tested.

Company W/J was engaged in a contract for CRT's which required a direct replace-
ment of the normal Einsel crossover electron gun in the 23-inch diameter CRT
with a special parallel-beam electron gun. The contract called for the use

of expended CRT's (used) without replacing the phosphor. In this respect, these
tubes were rebuilt. The primary intent, however, was to determine if a direct
replacement of the crossover electron gun with a parallel-beam type could meet
the original electron gun specifications and extend useful life. Only two

CRT's were delivered at the time this report was drafted; however, both met

the basic electronic and photometric qualifications to function in the display
for which it was intended. Life tests and further qualification tests are

being conducted, and a separate report on this special CRT will be issued.

This tube will also be built as a new CRT; i.e., it will have new phosphor and

a new bulb and be compared to a new crossover-gun CRT.

Company V produced one rebuilt CRT for evaluation. This tube was a direct
replacement rebuild with no special improvements, and it proved to be equal

to the resolution and brightness obtained from new CRT equivalent samples
tested. However, during life testing, the tube showed indications of becoming
gassy. When the gun socket was disconnected, the glass cap seal opened, and
the tube went to air.

Company S produced 7 out of 10 CRT's considered qualified for life testing and
possible field operating use. One of these tubes met all the operating speci-
fications. These CRT's were fabricated with the same safety protective tech-
niques used by the television industry and approved by UL. Basically, the
mounting accessories normally used by the FAA were replaced with an equivalent
"Kimcode®" or "Rimband"® process which affords complete protection around the
highest stress points of the CRT (shoulder area). This process requires, for
each CRT bulb type, a specific tension pressure of the "T'" band which surrounds
the CRT shoulder rim band sections with mounting ears. The proper combination
was determined by a series of forced implosion testing, because a mathematical
model for determining all the safety aspects of glass is, at best, effective
only in developing an assumed area of minimum risk. By carefully analyzing
each bulb-type for physical properties of the glass and the configuration of
the finished CRT, the basic approach to the design is similar to experiments
conducted by Kimball Glass Company and Owens-Illinois (the Kimcode method) and
as certified by UL.

ANALYSIS.

An example of the actual data sheets used for the tests is included in

appendix A (A-1 and A-2). The information from these various tests was com-
bined, where necessary, into a smaller number of categories in the summary data
sheets (tables 1 and 2) in this section. These seven groups represent the most
important overall characteristics required for a new or rebuilt CRT to operate
satisfactorily in its host display.



TABLE 1. REBUILT 23-INCH TUBE SUMMARY DATA SHEET

OVERALL
TUBE VOLTAGE AVERAGE CUTOFF DISPLAY MECHANTICAL i
1DENTIFICATION FOCUSING BREAKDOWN RESOLUT ION MODULATION VOLTAGE LEGIBILITY CONSTRUCTION ‘
Center No more No more than 100 uA; Between !
Screen than 15 mils center 15 V to =35 v
2,600 v 3 arcs 20 mils edge 35 Vv -85 V |
to . 300 pA; :
3,000 v 20 V to
50 Vv
11 mils center 25V
R1* 2,850 v No arcs 13.5 mils edge 36V -46 V OK OK ‘
11.7 mils center 26 V
R2* 2,750 Vv 2 arcs 15.0 mils edge 7V -56 V OK OK
3 arcs 16 mils center 20 Vv
D1 3,200 v stopped 17 mils edge 9 Vv -47 Vv OK OK ;
i
17.5 mils center L6 v }
M1 2,500 v No arcs 23 miles edge Does not make{| -32 V 0K Problem with |
300 WA Aquadag
15 mils center 15 Vv
M2 2,500 v 2 arcs 20 mils edge Does not make| -21 V OK Problem with |
300 vA Aquadag
27 mils center Data looks
wl 2,850 V No arcs =49 v 'smeared’ OK
23 mils center LY
W2 2,800 v No arcs at 20 fL 50 v 40 V 0K OK
30 mils center 26 V Characters
W3 2,600 V No arcs 44V -86 v look 'smeared! OK
25 mils center 19 V Bad neck
Wa 2,800 v 2 arcs I35 v -60 V shadow 0K
11 v Bad neck
) 3,000 Vv No arcs Very poor 15 Vv ~40 V shadow OK

*Not rebuilt. New production CRT's tested for comparative purposes.



TABLE 2.

REBUILT 23-INCH TUBE SUMMARY DATA SHEET

TUBE VOLTAGE AVERAGE CUTOFF DISPLAY MECHAN1CAL
IDENTIFICATION FOCUSING BREAKDOWN RESOLUTION MODULATION VOLTAGE LEGIBILITY CONSTRUCT LON
Center No. more No more than 100 uA; Between
Screen than 15 mils center 15 V to =35 V to
2,600 V 3 arcs 20 mils edge 35V 85 Vv
to 300 pA;
3,000 v 20 V to
50 v
s1 Many arcs -90 v OK
19 mils center 27 v Bad--left side
S2 2,930 v 2 arcs 40 V ~-67 Vv much brighter OK
than right
More than 20 mils center 22 v Could not get
S3 2,700 v 3 arcs 20 mils edge 30V =42 Vv full deflectior OK
25 mils center 23 Vv Neck
S84 3,500 v No arcs 25 mils edge 36 V -56 Vv shadow OK
19 mils center 25 Vv Neck
S5 2,700 v 2 arcs 18 mils edge 40 V -53 Vv shadow OK
14 mils center 22 vV
S6 2,600 1 arc 20 mils edge 39 V -56 V OK OK
More than Small amount of
s7 2,600 v 3 arcs neck shadow OK
12.3 mils center| 35 V
wJ1 2,100 v 2 arcs 14 mils edge 48 V -58 v OK OK
11.4 mils center} 30 V
vl 2,650 Vv No arcs 12.4 mils edge 45 Vv -74 Vv OK OK




The seven groups of characteristics and the respective degrees of success
achieved by the various rebuilders in meeting them are described below:

1. Focus: This includes center-screen focusing and center-to-edge
focus variation. Focusing is the adjustment of the voltage on the G3 element
to a level that produces the best resolution at a certain position on the CRT.
The center<screen focus should fall within a specified range in order that the
CRT's associated display electronics can focus the beam of the tube. With
respect to the PVD, this range is between 2,600 and 3,000 volts. In CRT
Specification E-2573, the change in focus voltage between the center and the
edge is stated as being no more than 450 volts. Both of company M's and
company D's CRT's had center-screen focusing outside the range of the speci-
fication; however, all of these CRT's were installed in displays and were
focused.

2. Voltage Breakdown: Voltage breakdown is indicated by arcing inside
the CRT which can severely damage circuitry in the display. The specification
requires that no arcs occur when the tube is biased ON and the anode and focus
elements are set at absolute maximum levels. Experience has shown that opera-
tionally acceptable CRT's sometimes arc a limited number of times for a short
while after the tube is biased ON for the first time after having been stored
or shipped.

If a CRT continues to arc regularly after the first 15 or 20 minutes
of operation, it must be considered faulty. There were only three CRT's-—-
all made by company S, that arced more than three times and continued arcing
beyond the first 20 minutes of operation. In two of these samples, the arcing
was so severe that we could not continue with the remaining electrical tests
on them.

3. Resolution: At the fastest writing rate used for the CRT computer-
driven data, and at 50 fL of brightness, no linewidth anywhere on the screen
should exceed 20 mils. Since the spot-size on a CRT screen generally increases
as it moves from the center to the edge, the linewidth should be no greater
than 15 mils in the center. The rebuilders had the most difficulty with com-
plying to the resolution specifications. This is an indication of the critical
nature of the electron gun design. Even with the allowance of a 1l0-percent
error in the measurement techniques, only 5 of the 17 rebuilt tubes tested for
this property showed satisfactory resolution. Three of these CRT's were the
single tubes rebuilt for operational use in a PVD by companies D, W/J, and V.

4. Modulation: The modulation characteristic is a function of the
beam current versus the grid-drive voltage characteristic of the tube. The
data from this test must fall within a certain range in order to attain the
necessary brightness output in the host display. This range is determined
by the characteristics of the video amplifier of the display. Three of the
14 CRT's measured had poor modulation characteristics, including the two pro-
duced by company M. Both of these CRT's, however, operated satisfactorily
at the normal brightness levels used when installed in displays.
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5. Cutoff Voltage: The cutoff voltage test determines the threshold
of control grid voltage which completely inhibits the beam current. This
measurement is taken when the CRT is biased with the normal voltages provided
by the host display. Four CRT's were out of specification on this parameter.

6. Qverall Display Legibility: This characteristic includes any
brightness variations or "smearing" of data anywhere on the CRT screen. When
using the scanning micrometer eyepiece on the photometer microscope, it is
possible to have what appears to be satisfactory resolution at the half-maximum-—
brightness points, while observing a cross-section of a displayed line on a
chart recorder, and still have what the eye sees as 'smearing" of data. The
operator can see the edges of the line probably down to 5 percent of the
brightness intensity level of the line. This means that if the data are
"smeared," the reader can see a much wider line than what the instrument reads.

Other problems included in the display legibility group would be
neck shadow, and poor focusing in limited areas of the display screen. Because
this is a large-bandwidth, wide-angle, random-writing display, the placement
of the gun and yoke and the shape of the tube must be very precise in order
to avoid neck shadow on the face of the tube.

Sometimes, there are problems in the construction of the focus
electrode in the gun which can cause poor focusing in one or more small areas
of the screen instead of the entire area. Two out of the five company W
tubes and three out of the seven company S CRT's had neck shadow problems.
Company W also produced two CRT's that displayed "smeared" data.

7. Mechanical Construction: This would include any obvious defects in
the mounting of the implosion panel, fiberglass sleeve, gun connector, etc.
Also included here would be a failure of the glass bulb during pressure test-
ing, or a faceplate that was too flat. There were no major problems in these
areas.

SUMMARY .

The CRT rebuilt by company V and one of the tubes rebuilt by company S were
the two CRT's considered totally acceptable. This represented an 8-percent
yield of acceptability out of a sample size of 25 CRT's. Seventeen out of

these 25 CRT's were evaluated in the CRT Performance Test Set.

A geparate table (table 3) is presented to compare the relative qualities of

the tested CRT's from the various rebuilders to the specified limits. For

each group of characteristics previously described, a grade of "1" or "Q" was
given for the particular CRT. A "1" indicated that the tube passed those
particular tests inherent to 1its group. An index of merit was then calculated
by evaluating the ratio of the total number of 1's for a CRT over seven, the
total possible number. Fully acceptable tubes were those which earned a perfect
score of 1. The closer the CRT "grade' approached a score of 1, indicated

in the last column, the better the quality of the tube.

Two new nonrebuilt tubes produced by the original manufacturer (Rl and R2)
are also included for comparison.
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TABLE 3. RELATIVE RANKING OF REBUILT CRT'S

OVERALL INDEX
TUBE VOLTAGE AVERAGE CUTOFF D1SPLAY MECHANICAL OF
IDENTLFICATION FOCUSING  BREAKDOWN RESOLUTION MODULATI10N VOLTAGE LEGIBILITY CONSTRUCTION  MERIT
R1* 1 1 1 1 1 1 1 1
R2% 1 1 1 1 1 1 1 1
V1 1 1 1 1 1 1 1 1
S6 1 1 1 1 1 1 1 1
D1 0 1 1 1 1 1 1 .86
W2 1 1 0 1 1 1 1 .86
WSl 0 1 1 1 1 1 1 .86
W1 1 1 0 1 1 0 1 W71
Wi 1 1 0 1 1 0 1 .71
S1 1 0 1 1 0 1 1 .71
S2 1 1 0 1 1 0 1 .71
S5 1 1 0 1 1 0 1 .71
S7 1 1 0 1 1 0 1 .71
M1 0 1 0 0 1 1 1 .57
M2 0 1 1 0 1 1 0 .57
W3 1 1 0 1 0 0 1 .57
W5 1 1 0 0 1 0 1 .57
s3 1 0 0 1 1 1 0 .57
S4 0 1 0 1 1 0 1 .57

*Not rebuilt.

New production CRT's tested for comparative purposes.



CONCLUSIONS

It is concluded that:

1. The special electron gun is extremely difficult to duplicate and properly
install.

2. The fiberglass boot removal can result in a serious safety problem and
can increase the processing cost. Tubes with the fiberglass boot should not
be rebuilt.

3. The used CRT screens have a higher rejection rate, since the blemishes,
spots, or similar defects within the quality area are specified for higher
resolution of information displayed than for television screens.

4, The special, relatively flat, large-surface-area faceplate of the 23-inch
CRT requires special handling during the rebuilding and shipping processes to
prevent possible damage from impact nicks and scratches.

5. The small sample size of usable tubes did not determine the feasibility
of rebuilding FAA CRT's.

6. CRT rebuilders are not generally equipped to provide the test environment

which special category manufacturers for government and industry must provide
under their quality assurance program standards.
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RECOMMENDATIONS

At the present time, there is no need for rebuilding the FAA 23-inch CRT's,
since the bulb supplier has announced the availability and potential applica-
tion of color television-type glass for these tubes. 1If, in the future, the
supply of FAA CRT glass bulbs becomes uncertain, the following recommendations
should be adopted:

1. Prior to initiating any testing or procurement of rebuilt CRT's:

a. A cost/benefit analysis of processing, handling, shipping, and
storage of the used CRT's should be conducted.

b. An adequate sample size of the rebuilt CRT's for testing these
tubes per FAA-E-2573 specifications should be determined.

c. An investigation should be conducted to directly identify CRT
rebuilding vendors who have facilities which are fully compatible with the
application of FAA-E-2573 CRT specifications and FAA quality assurance pro-
gram standards. Only these vendors should be considered acceptable for
participation in an FAA CRT rebuilding program.

2. An adequate sample size of rebuilt CRT's, for a test program, should be
procured from the approved rebuilding vendors and in equal quantities from
each.

3. Further testing of rebuilt CRT's should be conducted to determine the
feasibility of rebuilding FAA CRT's and to identify the rebuilding vendor(s)
who have produced the greatest quantity of rebuilt tubes wholly satisfying
the FAA-E-2573 specifications.
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APPENDIX A

CATHODE RAY TUBE DATA



DATA SHEET . Tube Type: FAA 23-Inch

Serial No:_f1 (V)

Tested By: NAFEC CRT Display Lab. Date: 9476
PARAMETER Ecl E(:Z Ebl EbZ Ik Ef If %k to Ecl LIMITS TEST NOTES
UNITS ’ Vd.c-l V .dece] KV doca] kV dece uA V doco] mA V d.c Min. | Max. RESULTS
ELECTRICAL RATINGS
Pin 2 Grid 1 Ey (V) Adj. -170 0 |ady,
Pin 10 Grid 2 E .y (V) 600 500 | 850 | 600
Al BV Anode Ey; (kV) 18 ) ) “10, 20| 18
Pin 6 Focus Anode Eya (kV) 3.0 2,65]3.35 2.65
Beam Current Ip; (pa) 0] 300 ol 300
Pin 1, 12 Fil, Volts Ef W) V 6.3 5.67 6,93 6.3
Fil. Current I (mA) . 600 570 | 630 600 ] 200
Pin 11 Cathode E‘hk w) - =200 200 }-200
TEST CONDITIONS, LIMITS & RESULTS
Focus Voltage - EBZ (KV) Adj. 600 18 Adj. 60 _ 6.3 - - 2.65] 3.35 2.6; ) Center screan focus
Cutoff Voltage - Spot (V) Adj. 600 18 focus - 6.3 - - - 8] -35 -71.!
Cutoff Voltage Full Raster (V) Adj. 600 18 focus - 6.3 _ - - 85] =35 =72
Voltage Breakdown (arcs) -170 850 20 3.35 - 6.3 _ - 0 2 0 K?::?gobg:é?.cu::gly v.
Heater to Cathode Leakage I, (o) | -170| 600 [ 18 3.0 | ea| - | *00 of .10 0 arce for 3 min.
Heater te Cathode Leakage I, (uA) -170| 600 18 3.0 - 6.3] _ -200 of 10 .1
Grid 1 (Gl) Leakage (MA) -1701 600 18 3.0 - 6.3 ~ - 0 3 2
Grid 2 (G2) Leakage (WA) -170} 600 18 3.0 - 6.31 _ - : 0 5 0
Anode Leakage (LA) . -170 600 18 3.0 - 6.3 _ - 0 5 5
Stray Enlesion -170[ 600 | 18 1.0 _ | s3] - - aone | o
Heater Current (mA) -170 600 18 3.0 - 6.3 - - 540 660 600
Undeflected Spot Position (inches) Adj. 600 18 focus| Notej 6.3 - - of .25 25 Iy :::: :hs‘_;g-_;_m to
Gas Ratio (WA) ady.| 300 | -24v | -25v 500 | 6.3| _ - o] .06 ! 005
Pocus Anode Current (ua) Ad3. 600 18 focus 50 6.3 - - 4 20 2
Modulation (V) Ad} 600 18 focus 300 6.3 - - 20 50 45 Measure
Modulation (V) Adj. 600 18 focus| 100 6.3 - - 15 35 30 Measure
Screen Quality (Good-Fair)




Date:

9/76

Tube No.V1

23-INCH TUBE DATA COLLECTION

Writing Speed: ,3 and ,5 in./ sec

Additional Notes:

KEY Vertical Line Center-VLC
Horizontal Line Center-HLC
Vertical Line Right-VLR,

etc.

Brightness *Grid Drive Focus Voltage Line Width Position on Tube Anode Voltage

footlamberts volts volts mils (see Key) __kilovolts
50 24 2575 11.3 VLG 18 kV .3 in./usec
43 24 2900 10.3 VLT 18 kV .3 in./usec
44 24 2875 10.1 VLB 18 kV .3 in,./usec
53 24 2800 14,2 VLL 18 kV .3 in./Hsec
52 24 2800 13.5 VLR 18 kV .3 in./usec
50 22 2650 11.5 HLC 18 kV .3 in,.susec
42 22 2850 14,2 HLB 18 kV .3 in./usec
51 22 2825 14,4 HLT 18 kv .3 in,/usec
55 22 3000 10,1 HLL 18 kV .3 in./VHgec
52 22 3025 11,5 HLR 18 kV__,3 in,/Hgec

*Grid Drive is defined as the difference between the actual
control grid voltage necessary to produce a given brightness
and the cutoff voltage.



