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1.0 SCOPE

The contents of this manual comprises the final engineering report submitted
by Stewart-Warner Electronics to the Federal Aviation Agency (FAA) Bureau of Re-
search and Development under Federal Aviation Agency contrast aumber FAA/BRD-88
Stewart-Warner originally contracted with the Civil Aeronautics Administration
(CAA) Technical Development Center under contract number Cl13ca-639 Amendment #2
to the contract, dated 18 March 1959, transferred the responsibility of adminis-
tering this contract to the Federal Aviation Agency Bureau of Research and De-
velopment {BRD}. This same amendment changed the contract number to FAA/BRD-88

in lieu of C13ca-639

Stewart=Warner, under the sponsorship of CAA, then later under FAA, con-
tracted for engineering and related services for the evaluation and determination
of equipment performance improvements of the Air Traffic Control Radar Beacon

System.

Investigations and evaluations of system components were conducted 1n the
laboratories of Stewart-Warner Electronics. Additional data was obtained from
the two Chicago airfields, Midway and Q'hare, which were being equipped with Air
Traffic Control Radar Beacon Systems. Engineering assistance was provided during

the beaconm installation at these two sites.

Assignments were forwarded to Stewart-Warner Electronics in the form of

tasks on varicus dates.



2 0 INTRODUCTION

Th:s final engineering report i1s a comp:lation of the individual tasks that
were assigned and accounted for 1n the wonthly progress reports or in a task com=

pletion report

The tasks are divided i1nto sections in thts report and consist of the
following:

(a) Video Standardizer For Air Traffic Control Radar Beacon System (Section
3 0). This task covered a study of video standardization, signal=-to-noise
ratios, effect of temperature change on the equalizer characteristics, signal
attenuation with various lengths of cables, design and construction of a video
standardizer unit, pulse shaping circuits, and study of L:ne Compensator trigger
output.

(b) safety Beacon Interrogator Antenna {Section 4.0). This task required
tests be made of the waterproofing characteristics of the Safety Beacon Interro-
gator Antennas. The tests included the effects of ambient temperature changes
and a wide variation of relative humidity on the antenna.

(c) Panoramic Photographs of O'Hare Field and Midway Airport (Section 5.0}.
This task requested panoramic photographs of these two fields for the purpose of
evaluation of the sites for beacon antenna ingtallations

(d) Life Test of Video Interconnection Equipment (Section 6 8). The object
of this task was to determine the deterioration of electrical and mechanical
functions of the Video Interconnection Equipment under conditions simulating two
years of normal operation Recommendations were submitted for smprovements to
the unit that could increase its stability, reliabiiity, and ease of maintenance.

{e) Electromagnetic Delay Line Study (Section 7.0). This task requested a
survey be made to determine the sources, characteristics, si1ze, and cost of delay

lines best suited to delay radar video from four to 20 microseconds Five delay



lines of different manufacture were obtained for this test and the resuits are
submitted In this portion of the report.

(f) Scan Conversion Display Decoder Gating Study {Section 8.0). Under this
task,a written study was made to determine 1f it was practical to use a co-ordi~
nate conversion system to obtain the active beacon decoder gating function when
scan-conversion display systems were used. The objective of this study was to
determine the number of tubes required, the number of critical clrcuits which may
require frequent adjustment, and the minimum size of gate required, as displayed
on a 22=i1nch television monitor.

(g) Setrin Circuit for Side Lobe Suppression (Section 9 0)}. In the work
being conducted under the ATC Common Safety Beacon program, a system of side-lobe
suppression which is both practical and reliable 1s in high demand One system
which has been presented,is that of Mr. M. Setrin of the Rome Air Development
Center. This system involved the addition of a special suppression circuit to
the transponder. A portion of the modification work conducted by Stewart-Warner
under this contract.involved the installation of this circuit in twenty ANDB Type
111 transponders.

{h) Engineering Assistance {Section 10.0). This task required engineering
assistance to the FAA installation and maintenance groups at Midway and 0'Hare
Field. Since test coders were not available at the sites at the beginning of
this task, the beacon equipment was i1nspected, tested, and aligned at Stewart-
Warner laboratories as far as possible to minimize field adjustments at the
sites. As components of the equipment were i1nstalled, checks were made for

proper 1nstallation and operatiocn.



3.0 VIDEO STANDARDIZER FOR AIR TRAFFIC CONTROL RADAR BEACON SYSTEM

Task number one 1n assignment of 15 January 1958, requested a study to be
initiated of the feasibility of using a video standardizer in the beacon system
preceding the Videc Interconnection Equipment (VIE) A video standardizer would
reshape stretched and distorted video pulses and maintain a more constant input
level to the VIE. At the same time an investigation of the effects of video
standardi zation upon interleaved reply codes, i1nsertion loss, and pulse jitter

was requested.

3.1 FAA Video Standardization Study

Tne following items were studied regarding video standardization:

(a) Limits over which a specific decoder would reliably decode pulses i1n-
cluding multiple replies, interleaving, and other heavy traffic conditions, which
have been deteriorated due to cabie or link transmissiocon.

(b} Effects on pulse information such as deterioration of video pulses re-
garding rise time, decay time, pulse width, droop, pulse spacing, jitter, noise,
attenuation, and bandwidth regqu:rements by relaying beacon video via 10,000 feet
of coaxial cable and/or up toc 100 miles of microwave relay link.

{c)}) Methods of reconstituting or reshaping pulses considering rise and de-
cay time, pulse widths, spacing, amplitude sensitivity, droop and jitter, and de-
termine limits over which this was practical 1n a decoding scheme

(d}) Design and construction of a video pulse reshaper to obtain experi-
mental data for comparison with theoretical or calculated results This design
could be the basis for a video standardizer to be included in the FAA beacon
equipment.

(e} Location of stamdardizer in the beacon chain for various link con-

figurations.



3.1 1 Signal-to-Noise Ratios of Component Parts of the Transmission Link

In the study to determine the feasibility of using a video standardizer
in the beacon system preceding the Video Interconnection Equipment, a phase of
the study was designed to analyze the signal-to-noise ratios of the component
parts of the transmission link, The following is a report of Stewart-Warpner's

analysis of this phase.

Caiculations of the Spot Noise represented as Figure F of that portion of
the video transmission link consisting of the Video Line Driver 2.3 N57/AM-1,
RG 13/U Cable, and Line Compensation Amplifier 2.3 N57/AM-2 were made. An ex-

treme case involving 10,000 feet of RG 13/U cable was considered.

It was considered of interest to establish the contribution to the total
Noise Figure of the various portions of the video transmission link referred to
above, in order to determine the areas wherein some improvement in the signal-to-
nolse ratio might be realized It was particularly desired to determine the ef-

fect of the equalizer on the signal-to-noise ratio.

The calculations recessary to establish the Spot Noise Figure F, are shown
in Figure 1. To a close approximation the Spot Noise Figure reduced to the foi-
lowing:

(m_, _I) ; ﬂs
Gy G2 G3 Gy Gy Gp G3 Gy GS

Ld
F=F +

The Tirst term, Fi; was the Noise Figure of the first video amplifier 1n the line
driver while the second and third terms represented the contributions of the cable
and equalizer, respectively. When computed out to 5 mc., these terms never ex-
ceeded the value of 0.1. The Noise Figure was almost entirely determined by the

Noise Figure of the first video amplifier



3.1.2 Noise Fiqure Of The First Video Amplifier Stage

The Noise Figure of this stage was given by the following relationship,

+_E_} Rs + 53

F = (] 2Rn) éﬁi Ra) Re

Rs = source resistance
Rg z total resistance i1n the grid circutt
Rn = equivalent noise resistance of the tube

noise ratio, unity of at umiform room temperature

il

Considering the Noise Figure with the grld circuit shunted by 74 ohms and a

source impedance of 74 ohms, the result would be:

F=1l+1.1+77%79 = 38 db.

This was a very high Noise Figure.

With the 74 ohm terminating resistance removed, the result would be:

F e (%.-%) = 13.9 = 23 db

The 7% ohm terminating resistor raised the Noise Figure by 15 db. This
t1lustrated the importance of presenting the correct source impedance to the
first video amplifier for minimum Notse Figure. The source resistance for mini=

mum Noise Figure was given as follows:

_ Rn __1

Rs = LEH] Rn

+ o=

Using this relation 1t was found that 1f a 7% chm resistance was shunted across
the grid circuit of the first video amplifier, the reflected source 1mpedance
should be approximately 20,000 ohms. With a 20,000 ohm source impedance the
Noise Figure of the first stage became:

Fz 1.1



3.1.3 Effect Of First Stage Noise Figure On The Overall Signal-To-Noise Ratio

Littie improvement could be realized in the overall signal-te-noise ratio,
including the Beacon Interrogation Uait, by an improvement in the Noise Figure of
that portion of the videc link represented by the video line driver, transmission

cable, and equalizer.

The thermal noise power from the Beacon Interrcgator Unit 2.3 NSI over a

bandwidth of 5 mc was approximately:

P=KTB = (1.4 x 10723) (300) (5 x 10%) = 21 x 10715 watts.
With the existing design, under the extreme conditions previously described, the
line driver, transmission cable, and equalizer link would contribute:
(21 x IO"B) (79) =16 x 10712 watts of thermal noise.

According to Spec. 2.3NSl, Suppiement 1, Paragraph A3, the Beacon lnterro=
gator may have a signal output of 2 volts with a peak signal to noise of & to 1.
This corresponds to a noise power level of 3 & x 1073 watts. The maximum avall-
able noise power (FKTB) of the line driver, transmission cable, and equalizer
would be about 90 db below the maximum noise power developed by the Baacon In-
terrogator Unit which is 2 volts peak video output. The signal to noise of the

Beacon |nterrogator source represents the determining factor,

3.1.4 The Results Of Equalizer Characteristics As A Function Of Temperature

Calculations on cable and equalizer i1nsertion loss are plotted in Figures
2 and 3. The effect of temperature change on the equalizer characteristics was
quite pronounced below 100 KC as an examination of Figure 2 will indicate. All
of the energy 1n the video spectrum at the present time lies above this fre-
guency. However, this may become important 1f video information is added at a

later time having lower frequency components.



3.1.5 Signal Attenuaticn With 10,000 Feet of Cable

For 10,000 feet of cable,the combined cable equalizer attenuation (for
equalization to 5 mc.) undar conditions of maximum temperature was 52.5 db. With
the present video line driver this should produce a peak video signal to the
order of 0.1 volt at the cutput of the equalizer As previously explained, the
signal-to-noise ratio at the output of the squalizer will, for all practical pur-
poses, be governed by the signal-to-noise ratio of the input signal to the first

video amplifier located in the line driver unit.

In the following portions of this section, the study under this phase of
the contract will cover a video standardizer which will reshape distorted pulses

and maintain a constant signal level.

3.1.6 Design And Comsiruction Of YVideo Standardizer

In the design and construction of the video standardizer,it was found that
the calculated attenuation and phase characteristics of the video line driver,
coaxial cable, and equalizer placed limitations on the circuits that could be
used. A graph of the cverall attenuaticn characteristics {see Figure 7) showed
that the signal would be approxtimately 25 db. down st the output of the equalizer
at 10 KC and 8 MC., Sufficient ga:n might be available 1n the video amplifier to
provide the required cutput A plot of cable and equalizer characteristics (Fig-
ures 4, 5, and 6) showed that the phase response was unsatisfactory. The slope
of the phase response curve was the time delay, and the slcpe should be fairly
constant for distorticnless transmission. Unequal time delays for various fre-
quency components would csdse a serious loss of signal detail. The equalizer
gave ampl:tude compensalien, and little phase correction. Examination of total
phase shift characteristic (Figure 6) revealed that deviation from linearity was

in excess of 40 radians. Ap arbitrary criterion! stated that if the variation



from a linear phase characteristic was as much as one radian in a frequency range

of ! »there would be a serious loss of signal detail. This criteria
3 x pulse lenath

applied to the frequency bands that contained the major portion of the signal

energy if we assumed a bardwidth of fg = needed for rise time requirements,

2
Ta=T)
then fg = 4. L5 mc bandwidth  In this bandwidth, it was discerned that under con-
ditions where the equalizer was matched to R, of the line, the phase response
criterion was not achieved. |t was difficult to establish, however, what the re-
quired bandwidth would be The composite insertion loss {Figure 7) was far from
flat, so that the bandwidth over which linearity was destred, could be narrower
than 4.45 mc  Phase response for all lipne lengths was flat from 1 mc up, with

the ampiifier peaked 3t 2 mc.

Further studies were made fo determine how serious the equalizer problem
could be under all coaxial line conditions. A Video Line Driver 2.3NS7/AM-1 and
Line Compensating Amplifier 2 3NS7/AM=2 were obtained from Q'Hare Field so that
tests could be conducted using code train pulses. The results of these tests

were applied to the design of L{he vides standardizer.

The manufacturer's dats Tor cross=talk isolation In a cozxial cable was as

follows:
RG!1/U Single Shield 35=40 db shielding effectivsness
RGI3/U Double Shield 50 db shielding effectiveness
Triple Snield 60 db shielding effectivenass

No standards exist to date on the methods of measurement or defirnition of
terms, therefore the menufzcturer used the terim !'shielding effectivenass! to de-

scribe the cross-talk isclation available in the cable.

3.1.7 Video Standardizer Unit

A video standardizer wnit was constructed which sharpaned the rise time of



pulses to about 0 1 u sec bui had the property of widening the 1nput pulse about
three percent. This did not meet the pulse width reguirements, however, the

method of amplifying and clipping did not introduce any additional jitter.

A blocking oscillator {B.0.} type of pulse shaper was built to determine
if the minimum jitter requirements could be met and if a maximum jitter of 0.05
u sec was critical The B.0O, type pulse shaper permitted more precise shaping of

pul se widths

3.1.8 Characteristics Of 10,000 Fest Of Coaxial Cable

The use of 10,000 feet of RGIY/U 75 ohm cable was obtained and tests were
conducted of attenuation and phase shift characteristics. The time delay and in-
troduced rise time using the cable and equipment was i1nvestigated The time de-
lay from the input of the line driver to the output of the line compensator was
approximately 1.55 u sec per 1,020 feet,which was in close agreement with the

time delay of polyethylene cable, t = 0.0033 w(E—n ¢.005 u sec per meter. The

introduced rise time TRZ’ where T total = ,J TBIZ + TR22 was about 0.17 u sec

for the 10,000 foot condition.

3.1.9 Pulse Shaping Circults Fo- Video Standard:zer

The two methods of pulse shaping used i1n the tests are shown schematically
in Figure 8. The first methed of amplifying and clipping preduced pulses with
improved rise times and with no delay. However, the pulse widths are increased
and this may be undesirable beyord certain limits. [Figure 9 shows some of the
waveforms obtained when degraded pulses were fed into the shaping circuits.) The
basic spacing betwaen pulses was retained, in addition, the rise time was 1m=
proved. Since the ten percent point of the original pulse was amplified and

clipped to provide the improvement in rise time, the resulting pulse width was

10



that of the ten percent level of the original pulse. Although tests with the
present decoder indicated that the ieading edge information was the most critical
portion of the pulse, the additional widening of the pulse reduced the traffic

capacity of the decoder,

The blocking oscillator pulse shaping circuit, although 1t produced a de-
lay of approximately 0.3 u sec, generated pulses which indicated good rise and
decay times with constant width. The width of the puises was controlled by the
shut-off line which was set to provide a given width., An amplifying and shaping
network preceded the blocking oscillator to provide positive triggers of suf-

ficient amplitude to trigger the blocking osciilator,

The 1nput pulses to the reshapers were applied from an AN/GPM=-17 coder
through 10,000 feet of RG/11U coaxial cable to provide an essentially degraded

pulse.

3.1.10 Effects Of Code Pulse Spacing And Widths on Decoder-Modifier In VI

—

Tests were conducted on the decoder-modifier to determine the effects of
code pulse spacings and widths., it was found that pulse spacing was much more
critical than pulse width. The width can vary from 0,20 to 1 0 u sec, but the
pulse spacing should be maintained to 2 9 % 0 | u sec for proper decoding | f
the spacing reguirements &re not achieved, incorrect replies could result In
tests with intentionally distorted pulse code groups, the decoder operated well

regardless of wave shape as iong as the spacing was correct.

3.1.11 Vides Line Driver 2.3NS7/AM-1 Used In Study of Video Standardizer

This umit consists of two channels of mixed video and trigger. They may
be used separately or together, depending on whether one or two line operation is

desired. In the studies, only the one line operation was considered, as this

11



would include all operating problems.

No trouble was noted i1n the trigger circuits, so study was directed to

the video portion.

Initially, an effort was made to determine overali line driver plus cable
and line compensating amplifier response versus frequency. Figure 10 compares
calculated gain of the first two stages only, with measured gain. Overall re-
sponse of the line driver to a sine wave 1nput, however, was quite poor. This
resulted from the fact that the cathode follower combination V3 and V4 1s biased
in a considerably nonlinear region, to obtain pulse shaping effects (see Fig-

ure 11).

Since examination of the output waveform for a video pulse train input
showed negligible deterioration, (less than .0l microsecond introduced rise
time), study efforts were directed to the line compensating amplifier. Although
further pulse shaping might be obtained at the line driver, gain would have to be
sacrificed with the result that another stage might possibly have to be added,
therefore, the line driver was considered acceptable as 1s,

3.1.12 Line Compensating Amplifier 2.3NS7/AM=2 Used In Study Of Video
Standardizer

The line compensating amplifier was designed to accept the deteriorated
pulse train from the output of the coaxial cable and restore i1t to its original

shape. |t will aiso separate and amplify the two triggers.

The pulse shape restoration was accomplished 1n this equipment by equali-
zation of the cable characteristics and amplification, plus a pulse shaping
cathode follower. Tests of the equipment with up to 10,200 feet of actual cable

revealed excessive deterioration.

In the preceding studies, graphs indicated expected phase and attenuation

12



characteristics of the equipment A more thorough study 1ndicated that the
phase delay was tolerable to the extent that it was present The equalizer con-
tributed to phase correction at frequencies beiow 1| mc At higher frequencies,
where most of the signal energy lies, phase correction was not as necessary,

since the cable had fairly constant phase shift with frequency. For a constant

. X db
group delay, the relation Tg = il wik must be constant over a frequency range

g

]
of 3 x puise length®

with frequency to better than one radian over the desired frequency range, for

Stated 1n another manner, the phase shift should be linear

distortionless transmission Within the accuracy of graphical analysis, this
condition was achieved, and distortion was primarily due to amplitude attenuation

which was not constant with frequency.

As a first test of amplitude equalization, attenuation characteristics
for the 10,200 feet of RGI1/U cable were checked (see Figure 12). This cable,
which was the only type available, was supposed to duplicate the characteristics
of RG13/U, except for shielding qualities. Results of this test were satis-
factery, so an overall study of the line,plus line compensating amplifier was

Instiqgated.

3 1.13 Line and Line Compensating Amplifier Study

Reference photographs were taken of the line compensating amplifier
equalizer output when fed by the test coder, line driver, and various lengths of
cable. In all cases, the equalizer was adjusted for optimum pulse output The

tabulated results are as fol lows:

Test Coder AN/GPM-17 Cutput: 0.08 u sec. rise time, 0.44 u sec pulse length

2

T = A\ T2 total - Tin

Intro

13



Length Line Driver Line Comp., Eqlzr Output | Total Intro
of Line Rise Time [ Pulse Length § Rise Time |[Puise Length { Rise Time

-
1,000 ft. 0.03 0 45 0.11 0.45 0.076
2,000 ft. 0.095 0. 44 0.12 0 41 0 69
4,000 ft. 0.10 0. 44 | 0 14 0.37 0.11
6,000 ft. 0.10 0.43 0.15 0 36 0.13
8,000 ft. 0.10 0.43 0.17 0.38 015
9,000 ft 0.10 0 43 0.18 0.40 0.16
10,000 ft. 0.10 0.43 0.185 0.4C c 17

For line lengths over 3,000 feet, the desired introduced rise time of
0.14 u sec was not achieved since the squalizer was not able to make the fre-
quency response of the line flat enough. As the length of line increased, proper
equalization became more i1mportant. For the longer lengths of line, an egualizer
should be designed to provide enough attenuation so that the response would be
flat to 5 mc, however, the signal level would be too low, and ancther amplifier

stage wouid be needed.

Another approach was to peak the outputs of V| and V2 at the high fre-
quency end This was tried with some success, as illustrated by Figures 13 and
14, Line lengths of less than 6,000 feet were not plotted, as equalization be-
came less important for the shorter line lengths. In each case, the equalizer
was first adjusted for optimum video pulse output. Changes in overall level were
due to different settings of the equalizer adjustments Peaking of V) and V5 re-

sulted 1n a rise time For the 10,000 foot cable to 0.13 u sec Therefore

r
Tintro = '3,0'132 - 0.082 = 0.11 u sec, a cornsiderable improvement over 0.17

u sec.

To obtain further improvement 1n pulse shape, several approaches were
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open. These included increase of bandwidth of stages Vi and V2, equalization

over greater bandwidth, and further pulse shaping by cathode follower U3. All

these would entail considerable circuit re-design and re-building. Peaking the

stages V| and Vy was considered the best approach, which was accomplished by re-

placing inductors L6 and L7 with 100 uh adjustable slug types, applying a & MC

sine wave input, then adjusting L6 and L7 for mextmum ocutput from Vy and Vj

3.1.14 Continuation 0f FAA Video Standardization Study

During a visit to TBC on 13 December 1958, the videc standardization
study was discussed. The merits of a passive pulse reshaping circuit were dis-
cussed and the desirability of concentrating our efforts on this type of circuit
studied, The pulse jitter and duty cycle considerations seem to rule out re-
generative type pulse reshapers and point toward the passive types. As suggested
by TDC, "tatlbiting' or pulse wrdth control through the use of a delay line
should provide sat:sfactory results., During the month of January 1959, a circuit
was designed and butlt usirg this principle %o provide an amplifier-clipper pulse

reshaper with pulse width control.

The video amplifier peaking cotls proposed for the modification of the
line compensator were of the adjustable type. This would provide, In addition to
an i1ncrease of the ampl!ifier bandwidth, a method of peaking the circuit to meet

the requirements of each particular installazion,

Tests conducted to determine the effeacts of pulse shapes and widths on
proper decoding and reported earlier, indicated that pulse spacing was a critical
factor. This assumes that the deterioratlion of pulse shape 1s the same for all
pulses 'n a pulse group. |n practice,this wovld appear to be the case in the de-

coder-modi1fier, line driver, line compensating amplifier, and cable combipatian,
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The pulse reshaping circuit was modified to provide pulse width control
An amplifier, delay, and non-additive mixer was added to the original reshaping
circuit. This meant that approximately six tubes were required to utilize this

method of reshaping.

3.1.15 Conclusion

Further work 15 required to improve the circuit The results of this
work to date,indicated that although pulse jitter problems are minimized, the
total improvement in rise time can be no better than about 0.1 u sec. This 1m=
provement in rise time is at the expense of dead time between pulses. The limi-
tation of the rise time improvement is due to the limited total amplification

available from the compensated amplifier, and the permissible clipping level.

This type of pulse reshaper should be located at the input to the de-

coder-modifier 1n a coaxial line system

3.1.16 Study On Use of Microwave Relay Links For Relaying Beacon Video

Stewart-Warner began investigations of the effects on beacon videc using
microwave reiay links. The problems of phase shift, introduced rise trme, band-
width requirements, and other considerations were studied Manufacturers data
was used to study existing microwave link equipment and enabled Stewart-Warner to
determine capabilities of the equipment i1n transmitting pulse information. This
assisted Stewart-Warner in formulating requirements of microwave link equipment
for transmitting beacon information. Pulse reshaping requirements and the lo-

cation of such reshaping circuitry were determined during the course of this study

Information of a very general nature was obtained on ex)sting microwave
link equipment suitable for relaying beacon video. Present frequency allocations

dictate transm:tter~recesver frequencies of from 7125-8400 MC. The video
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response for two microwave systems is tabulated below, using readily available

data furnished by Motorecla, Inc.

Link Type 3 db Bandwidth Introduced Rise Time Differential Phase
MRR 30 cps - 5 MC 0.06 u sec 3%

AN/TRQ-10 20 cps = 7.5 MC 0 Ok u sec 3%

Harmonic Distortion
2 nd 3 ¢rd

MRR 4% 2.5%

AN/TRQ~10 2.5% 1.5%

The introduced rise time for more than one link increases as the square
root of the number of identical links 1n a system. The differential phase in-~
creases in the following manner:

Number of Links Differential Phase
2h 3% (n+ 1)

where n =0, 1, 2, 3 ====

The problems of increased pulse jitter would be minimized I f frequency
modulated transmission of the video signals was employed Jitter may arise from
multiplexing operations 1f blocking oscillators are used to provide the multi-
plexing pulses. MNo actwal figures for pulse jitter introduced under multiplexing

were available

In a mcrowave system, however, the ideal location of any reshaping

circuitry is In the microwave relay line video amplifier.

3.2 Line Compensator Trigger Output Study
Before the decoding delay lines {Z-201) in the Line Compensating Amplifiers

were re-tapped to give better mode decoding spacing, 1t was noticed that the

"trig out" was sometimes lost when the video input to the Video Line Driver and
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the video output of the Line Compensating Amplifier were not set to their proper
values of 1.8 volts and 2.0 volts respectively. When 1.8 volts of video was fed
into the Video Line Driver, the "trig out" of the Line Compensating Amplifier was
lost when the ""video out' of the Line Compensating Amplifier was set beilow 1 8
volts. The loss of the '"'trig out' was further impaired by de-~tuning the compen-

sating network.

After the decoding delay lines were re-tapped, the units were peaked up to
give optimum performance and a study of the inputs and outputs with mode spacing
variations was made. A modification was made to the trigger circuitry to i1mprove
the reliability of the Line Compensating Amplifier to help insure operation under
all mode tolerances, unit variations, compensator settings and tube ageing. The

procedures and results of this study are as fol lows:

Readings were taken with Video Line Driver and Line Compensating Amplifier

numbers 10, using 1,000 feet of interconnecting RGI1/U cable.

The "video in" at the Video Line Driver was set for 1.8 volts as specified
in the instruction book Video Remoting Equipment Type 2.3NS7 The mode spacing
for the common mode was then varied in steps of 0.2 u sec. 1n both the positive
and negative direction. The video gain control on the line compensator was ad-
justed to the point where the trigger output from the line compensator just
di sappeared. At this point for various mode spacing the amplitude of the ''video
out' was measured and recorded. Spot checks were made using 10,000 feet of
interconnecting cable and with 10,000 feet of cable, triggering levels decreased

by about 0.1 volt.

Points were also recorded for 1.2 and 2.3 volts of viden inte the Video Line
Driver to cover the tolerance of 1.8 + 0.5 volts as specified in the afere-

mentioned instruction book.
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The circuitry of ¥-206 was changed to improve the operating range of the

video output. Data was again recorded.

The results of the above mentioned checks are tabulated in Table | and Table

11 and are graphically represented in Figure 15.

Spot checks were made on the alternate modes (3 and 5 u sec) and as with the
10,000 feet of cable, the results showed about a 0.] volt decrease in triggering
level (curves in Figure 14 lowered about 0.1 volt). A composite picture of the

mode tolerance is shown in Figure 16.

Table 1. 1.8 Volts Video Into Line Driver

1,000 ft. of cable 10,000 ft. of cable
Common
Mode Video Out at Video Qut at
Spacing Tri1g. Lost Point Trig Lost Point
u sec. Volts Volts

Before Mod.| After Mod. | Before Mod. | After Mod.

7.0 7.8 71
7.2 76 5.8
7.h 33 2.65 35 30
7.6 1.60 1.18
7.8 1.40 0.95
8.0 1.32 0.g2 1.20 0.83
8.2 1.32 0.91
8.4 1.41 0.99
8.6 1.68 1.13 .65 1. 10
8.8 3.40 1.70 3 50 3.50
g.0 7.80 6.60
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Table Il. Using 1,000 Feet Of Cable

?t "
| Video Into ; Video Out Video Out
Line Driver | at Trig. Lost Point at Trig. Lost Point
Volts ; Volts Volts
Before Mod After Mod.
13 0.9 0.6
1.8 1.3 0.9
2.3 1.7 1.1

The modification to V=206 consisted of grounding the cathode, which put the
tube at zero bias, and increasing the plate resistor R~223 from 10 K to 27 K.

The overall effect increased the gain of the tube by about 15%.

The circuitry change had the following effects:

NORMAL MODIFIED
Plate Voltage 159 v 75 v
Plate Resistor Voltage 9] v 175 v
E
Plate Current | = § 9.1 ma. 6.5 ma.
Plate Resistor Disipation 0.83 watts 1.13 watts

The plate current was reduced from 3.1 ma to 6 5 ma. A negative signal is
applied to the grid which cuts down on the plate current so that the maximum

disipation of the resistor will be 1ts steady state value of 1.13 watts

The modification does not affect the trigger separatcr operation of V¥-207 to
any significant amount. Before the modification, video signals would just start
getting through to the cathode of V=207 when the video output was set at & 8
volts; with the modification the same effect is noticed when the video output 1s

set at 4.0 volts. This video, even 1f present, and the video output ever be set

that far above 2 volts, would never reach an amplitude high enough to cause a

20



decoded signal out even when properly spaced.

It can be seen from the preceding investigation that if loss of the 'trig
out' from the Line Compensating Amplifier 1s, or ever does become a problem, a

circuitry change at V~206 would be a possibie solution.
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F1, &1, ™ F2, 82,2 F3, 83, m Ry G my F5 G5 ng
Video Video Cathode RG 137V 1i
amp. amp. % follower —M cable —'l Equalizer it
1 2 -
F = spot noise figure

(F-1) = F) + Fa-] + Fa-] + Fip-] + F5-1

available gain
Gy G,G3 61GpG3 GjGaG3Gy

A
(7]
L]

noise ratio
L {(at room temp)

3
"

Fi x Fp are given by:
Rs = Source res.

2
Fal+RS,ReqRs{Jo 3 L} 4 ReqRS (Hcl)z Req = eqiv noise resis-
Ry Rs Ry tance of tube

R] = grid resist.

G) + Gy are given by:

G = gm2 Gs 2p//IYsIZ

2
G3 = gm Gs /Wl 4 ty12 : F3 =1+ Ly

rp G3  1qmi? Gs
-2a - we [
Gy = where a = ,\J = [,.l 2 + L2w2| WL ],é’
g% o
r=.716

| 100  to 100 KC
3.3 x 1073 -\]f | 100 KC to 10 me.

r

m, Mg = 1.1
{ (T = 50%

21

1+ lc+ 1) &= |
l )2fRu = available gain of equalizer
2

GSI
,I + le=1) 2=

Ry

(Fr) TFl e w1, ng i !
G152G3Gh G192G3 G|G2G354G5 G|G263G4

Now Gy, = G; is determined by the cable loss and the range over which equali-~

zation is to be accomplished. |In this case Gy - Gg = 8 x 10 -k over 5 Mc.
Also GGy G3 = 9.2 x 103 (to 5 Mc)

The term l//GIGZG3 is negligible therefore:

n, =1 R
(F-1) ¥F) + e * rriee = F
VTR T 6, 3°4°5 :

Figqure 1. Spot Noise Figure F, Calculations
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Output from Amplifier-C)ipper
Pulse Reshaper

Input to pulse reshaper from
10,000* coaxial cable

Same as above

Output from Blocking Oscillator
Pulse Reshaper

Input to pulse reshaper from
10,000' coaxial cable

Same as above

Pulses tnto 10,000' coaxial cable
from GPM-17 Test Coder

Output from 8locking Oscillator

SWEEP 2us/cm
1v/em

5v/cm

SWEEP 5us/cm
Tv/cm

Sv/cm

SWEEP 2us/cm
Tov/cm

Ev/cm

SWEEP Sus/cm
10v/cm

Sv/ecm

Tv/cm

SWEEP Z2us/cm
10v/cm

Figure 9. Pulse Reshaper Waveforms
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Figure 13.
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Figure 15.
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4.0 SAFETY BEACON INTERROGATOR ANTENNA

Task number two in assignment of 15 January 1958, requested a test be made
of the waterproofing characteristics of the Safety Beacon Interrogator antenna

that was to be installed at O'Hare Field's ASR-3 radar site.

Tests to be made,were to determine i1f moisture accumulated inside the an-
tenna as the ambient temperature was varied from -20 degrees F to +110 degrees F

and the relative humidity changed from ten percent to 100 percent.

Also,a direct spray test performed to simulate a heavy rain with wind

velocities of 60 miles per hour.

4.1 Safety Beacon Interrogator Antenna Tests

Safety Beacon Interrogator Antenna assembly, serial no. 2,was received at
Stewart-Warner Electronics on 30 April 1958. Test procedures were developed by
personnel assigned to this phase in order to perform tests in the following

month.

4.1.2 Preliminary Tests

The following is a repart of the preliminary tests performed on the
Safety Beacon Interrcgator Antenna:

Purpose: To determine if the antenna is resistant to the effects of water
sprayed on the unit when in its normal operating position.

Procedure: The unit was placed on 1ts mounting plate on a stand. Water was
sprayed on the unit from all positions, except ithat water was not
sprayed directly underneath unit. Resistance readings were taken
before wetting unit and 15 minutes after test. Unit was kept in

normal position for subsequent measurements.
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Results;

Conclusion;

Resistance readings May 12, 1958, starting with infinite ohms using

Simpson Model 260,R X 10,000 Range.

After spray test: 30,000 ohms
May 13, 1958 14,000 ohms
May 14, 1958 23,000 ohms

Unit was not resistant to effects of water sprayed on it. Visual
inspection showed that fiberglass window fastening method permitted
water to enter between fiberglass and metal surfaces. Paper strips
could be inserted into these spaces directly into antenna housing.
Since unit was not opened, further sources of water eatry could not
be determined.

The end sections,where the two halves of the antenna are bolted
together, had openings through which water may enter, especially if
there was no gasket to seal off the joint. No water sling,or drain
holes were evident on the unit through which water could be drained
from the antenna housing.

Tests were held up until further notice from CAA TDC.

4.1.3 Advanced Tests

The foilowing is a report of advanced tests performed on the Safety Beacon

Interrogator Antenna with recommendations for corrective measures:

Purpose:

Procedure:

To determine if the antenna water spray tests were valid,and to
find by what means the water entered the antenna housing.

The unit was checked and possible water entry holes were closed off
with caulking compound. Weep holes in the lower end of the antenna
matching section were closed. The connectors were sealed off with
electrical tape. The unit was then sprayed and resistance measure-

ments taken. After this test, the joint end was sealed off with
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Results:

Conglusion:

tape and the unit set up for the spray test. It was turned so that
the fiberglass window faced upwards. Another unit was sprayed, but
was always kept in its normal position.

The first unit did not show any signs of shorting out as long as it
was kept in its normal operating position. When it was sprayed
with the window facing upwards, enough water accumulated in the
guide to permit the water to rise to the level of the water drain
holes,and thus short out the matching section. The second unit did
not short out,but showed about 5 megohms resistance upon completicn
of the test.

When the uynits are sealed properly and placed in their normal oper-
ating position the units will not short out. Water in the wave-
guide section does not harm the unit If the water does not rise to

the level of the matching section drain holes.

Recommendations:

(a)
(b)

(e)

(d)

(e)

(f)

After

All screw heads should be treated with a waterproofing material.
All joints, metal to metal and fiberglass to metal, should be
sealed off to minimize points of water entry.

Coaxial connectors should be coated with a waterproofing material
when unit 1s installed.

A water drainage hole should be provided at both ends of the
antenna housing.

An additional 3/16" water draim hole should be provided in the
mgtching section,so as to provide a drain hole at each end and at
the center of the section.

Careful inspection of the unit should be made before 1nstallation
to insyre that obvious water entry points do not exist.

gpproval to work on the antenna was received from TDC, the fiber-
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glass windows were sealed with Permatex Soft Setting Compound, which also was

applied to other locations as were deemed necessary to obtain a water resistant

antenna.

't was planned to re-test the antenna as soon as spare jumpers were re-
ceived from O'Hare Field, however, 1f the jumpers were not ava:lable, then the
Jumper connections wouid be capped and sealed. The final tests would then be

performed.
L.) 4 Flinal Tests

The results of the final spray and humidity tests were as follows:

(a) Spray Test. Water was sprayed on the antenna for a pericd of one
hour The umit resestance was checked before and after the test

Resistance of Section ] 2 3 L

Start: (with Simpson 260) o © oc o

Finish: (with Simpson 300 VTYM) 20K 20K 8K 10K

Treated units were water resistant when placed 1n their normal operating
position and sprayed with water

(b) Humidity Test. The units were placed in a humidity chamber and held
at 50°C and 95-97% relative humtdity. Distilled water was used to obtain the re=-
guired humidity conditions. The antenna was then sprayed with cold water in
order to determine :f there was any water entry due to expansion at the joints of
the untt. The cold water spray alsc cocled the extertor of the unit rapidly and
condensed any vapor 1n the antenna cavity itself. The results of this test were

as follows:
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Legend (see Figure 17) 0 X A ¥

Section

Condition: 1 2 3 L

50°C 95-97% Humid:ty Start- 20K 200K 8K 10K

Soak for 1 1/2 hrs and spray Finish, 20K 200K 10K 6 5K
Condition,

509C 95-97% Hum:dity

Soak for 21 hrs. and spray Firaish, 22K 2Lk 7K 3 5K
Condition

25°C 50% Humidity

48 hrs after final test Finish: 11,56 21K 7K 3 2K
Condition:

250C 50% Humidity

72 hrs after final test Finish: 75K  6.5K 3K, 1.8K
Condition

25°C 50% Humidity

96 hrs after fipmal test

Pre=ship value Finlish 10K 20K 2 5Kk 4.0K

4.1.5 Conclusion. Meoisture condensatien within the antenna apparently

did not seriously decrease the leakage resistance of the antenna matching
section or dipoles However, 1t was noted that sfter a period of zbout 72
hours after the test there was a sharp decrease in the rasistance reading.

(See Figure 17). This may be due to cxidation by-products acting with the con=
densate causing formation of a conductive material. This effect slowly dis-

appeared after the condensate evaporated It 15 possible that 1 f the antenna
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was exposed to high humidity conditions and then rapidly cooled, so that whatever
condensate did form, 1t has very little conductivity by itself Reaction of the
condensate with the metallic portions of the antemnna could produce conductive by-
products. |If the antenna were exposed to the sun 1mmediately after the conden-
sate was formed, the heated metal might possibly evaporate the condensate and
prevent chemical action with the antenna materials. In the test, the antenna was
kept at room temperature, indoors at all times, and may not approximate the
actual operating conditions.

The lowest value to which the antenna leakage resistance may go and still
maintain a useable antenna has not been determined. However, indications were
that in actual use the effect of high humidity combined with rapid cooling would
not seriously impair the effectiveness of the antenna.

Tests on the antenna were completed and the unit was shipped to 0'Hare

Field.
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5.0 PANORAMIC PHOTOCRAPKS OF O°HARE FIELD AND MiDWAY AIRPORT

Task number three in assignment of 15 January 1958, requested panoramic
photographs be cbtained from 0'Hare ASR-3 and Midway FPS-8 radar antenna plat-

forms, to be used for evaluaticn of the sites for beacon antenna installations.

Calibrations of a spectfic nature were given that had to be contained in the
photos. Instructions were givan that i1f one or both sites appear to present re-

flection problems, alternate beacon antenna sites should be recommended.

51 Problems Encountered in Obtaining Phatos

In order to take pictures from the radar antenna towers at 0O'Hare Field and
Midway Alrport, the facilities had to be shut down. Specific dates had to be

arranged with the regional FNF Planning Branch 1n Kansas City, Missouri.

A source for a panoramic ¢amera was obtained and photos were to be taken in
July 1958, however, our plant was shut down for annual vacation period and per-
sonnel to take photos were not available [n the meaniime, the camers was re-
located to Binghamton, New York. A new date for the first week of August 1958

was set, at which time the camera would be available.

Photos were taken as instructed and two prints of esach plus the negatives

were submitted to CAA TD: in August 1958,
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60 LIFE TEST OF VIDEQ INTERCONNECTION EQUIPMENT
Task number one in assignment of 10 March 1958 requested an accelerated
1ife test of the Video Interconnection Equipment (VIE) Type 2.3NShka, be conducted

with specific attention palid to the following details,

(a) Deterioration of mechanical and electrical function of the Raw-Decode,
ALL A/C-C/S, Sel A/C, !dent = A/C Code Selector switches, Range Selector switches,
and relays during operation for the equivalent of two years normal operation

(b) Deterioration of electrical characteristics of crystal diodes, resis-
tors, capacitors, lamps, and electron tubes when subjected to high ambient tem-
peratures as may be found i1n equipment rooms at control towers and ATC centers.

(c) Deterioration of components accelerated by operation at maximum, or
excessive, current or voltage

(d) Line voltage regulator to be used for tests at a constant line voltage
of 115 volts 60 cycles,

Task number two of this assignment requested a study be conducted of improve-
ments and recommendations be made that would reduce or eliminate failures which
were considered unusual or excess:ve to the normal life expectancy of VIE parts
and compenents,

Task number three of this assignment requested recommendations be made, that
would improve the stability, reliability, ease of maintenance and accessibility of
the VIE decoder, considering only minor modifications that could be performed at
operating sites i1ncluding replacement of sub-assemblies with modified sub-assem-

blies,
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61 Analysis of Video Interconnecti:on Equipment

After ldlewild beacon facility maintenance reports were received in April
1958, an analysis of these reports and the VIE was made, 1n order to draw up an
Environmental Life Test Procedure However, further data on operating conditions

of the VIE was required and a visit to the New York Center was made in June 1958

Voltage and temperature readings were taken of the eguipment, enabling

Stewart-Warner to set up a realistic Environmental Life Test Procedure

Difficulty with the power supplies stil) existed and 1t was ascertained
that part of this was due to component parts overlicad, expecially the 2-watt re-

sistor supplying the =200 V rectifier which was dissipating about 2 4 watts

In setting up the cycling of the function switches, it wes difficult to
estimate actual operating conditions for the contrcl boxes, since no procedure
had been set for beacon operations Estimates of the frequency of operation of
the controls by TDC and the New York Center were considered

During July 1958, a cycling jig for operating the toggle and rotary switches,
illustrated in Fig 18 was built to be used in conjunction with the accelerated
life test of the VIE In this same month, an ouiline of an Environmental Life Test

of VIE was submitted to TDC which was accepted with a few additions by TDC

6 2 Start of Environmental Life Test of ViE

The environmental life test of the VIE was started on 2! August 1958 and
continued through 29 August 1958, at which time a report and tabulation of fail-
ures to date on the equipment was submitted Since this was only a prelude to
the final report, it 15 summarized as follows:

(a) Results to date seem to confirm the field maintenance reports as far

as actual electrical circuit failures or malfunction were concerned Several

tube changes were required initially te obtain required pulse and gate width
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requirements The gate pedestal control required several adjustments, especially
with changes in temperature of the unit [t was thought that the stability of the
power supply was due to the fact that a line voltage regulator was used, plus

changing the =200V supply resistor R301, to a higher wattage rating

{(b) The mechanical failure of the rotary switches was due mainly, to the
fact that the switches are dry when they are installed The switch manufacturer
had recommended that tubricant be applied to the contacts when under the life test
cycling This could be done because switching 28V dc,and leakage resistance due to
metallic particles,was not a problem Two types of toggle switches were used and
failure had to be noted in the type ST22N which had lighter construction Relay
failures had not been analyzed since they had not failed completely Testing to
destruction 1s the accepted method af life testing relays, at which time the relay

could be opened and examined

After this preliminary report was submitted, it was found that the unit
would have to be re-aligned before tests could continue., Circuit malfunction,
due to faulty relay contact clesures, gave the appearance of gain and clipping
level changes. Attempts to restore circuit function, by adjustment of the vari=
ous controls, only led to unit misalignment Replacement of the relays was re-
quired to verify that relay malfunction was causing the apparent circuit difficul-
ties

Since the rotary switches in the control box were badly worn, it was decid-
ed to cycle only two relays K113 and K110 which had been replaced with a 120% type
While this was being done, an effort was made to temperature stabilize the gating

circuit.

The Gate Pedestal was found to vary with changes rn ambient temperature be-

o
tween 2500 and 50 C Gate Pedestal Adjust R!16, had to be rotated 30 to 40% from

the initial setting to restore operation Tests indicated that diodes CRI0O6 and
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CRIO5 contributed most to circuit changes with temperature These diodes were
INI98 Germanium type, which showed a marked decrease i1n back resistance at higher
temperature A decrease in back resistance of CR106 would alter the critical vol-
tage difference between the cathodes of V103, while CR105 would pass gate voltage
to the grid of VIOLWA. Both contributed to change of gate pedestal level

To correct this situation the INI98's were replaced with Sylvania IN195
silicon diodes These diodes had a much higher back resistance and operating
temperature To provide a greater adjustment range, the wire on pin L4 of R116
(fixed tap) was moved to pin 3 (see Fig 19) These modifications resulted in a
satisfactory temperature stable gate circuit between 2500 and 50°C Since field
service reports indicate that gate adjustments were a frequent occurrence, It was
recommended that all existing units be so modified. Upon receipt of authorization,
Stewart-Warner was prepared to modify the nine units from the Midway and O'hare

sites, which were in Stewart-Warner's laboratories

Results of the re-evaluation of switching needs were submitted in a corrected
and revised tabulation of failures These are covered in the final report on the

Environmental Life Test of VIE

6.3 Continuation of Environmental Life Test of VIE

At the beginning of October 1958, all general tests on the decoder-modifier
and power supply were completed Additional tests to investigate specific areas
were proceeding as follows:

(a) Relay life test-

Six relays designed for dry circuit applications were instalied in a test
Jig to simulate coder operating conditions The relays were operated in an oven
to simulate the temperatures encountered by the relays on the various sub-chassis
The test setup is shown in Fig 20 and relay life test schematic i1n Fig 20A. It

was noted that after 470,000 operations, equivalent to 475 days, relays K113 and
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and K110 showed no signs of imminent failure The remaining 8506 relays continu=
ed to fail Unt:) conclusive data was obtained from the {i1fe test being conduct-
ed with dry circuit types, it was suggested that any replacements be made with
Allied Control 125°C, type MHB=12D relays

(b) Rotary switch life test

investigation of the life of silver plated brass and coin silver types of
rotary switches indicated that with lubrication, the upper limit of test life was
about 30,000 cycles A recommended lubricant was Beacon M=325 grease made by
Standard 011 Co. Due to the high contact pressures involved, the life of the
switches was mainly a function of switching speeds and contact currents A speci~-
fic switch replacement program was indicated based on the switching operating pro-
cedure  However, since the life test results could only be used to provide com-
parative data, switch replacement should be made only when the switch showed de-
finite signs of contact wear This would occur after approximately 60,000 cycles
of freld use The coin silver types would give better 1ife In terms of constant
contact resistance; however, the cost of these switches was approximately fifty
percent more than the silver plated brass types

(c) Life Test of 12AT7WA n Multivibrator Position

A test was proceeding to determine the life of 12AT7WA 1n the Vi26 multiv-
brator position under high temperature operation The environmental 1:fe test in-
dicated that at 25°C ambient, the chassis temperature was approximately 80°¢.
When the ambient was raised to 50°C, the chassis temperature at V=125 and V-126
rose to approximately 115°¢C  The use of heat dissipating shields to reduce the
bulb temperatures in the tubes was being studied The problem was further com-
plicated by the fact that a 5687, 6 3 V at 0 9A, and a 6AH6, 6 3 V at 0 45a
were mounted directly below V=125 and V=126 The thermocouple readings indicat-

ed this position to have the highest chassis temperature 12AT/WA tubes 1n other
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positions have shown little or no difficulty

(d) Select Code Tests:

Variations 1n decoder output with changes in the Select Code were studied.
The effect of delay line tap position variations on coincidence were 1nvestigated
Coincidence and Killer bus leak through, could be intreducing noise in the output
This resulted in increasing the clipping levels which destroyed the proportionality
requirements during alignment Results of the alignment experience was i1ncluded in

this portion of the tests.

The Final Environmental Life Test Report on the Video Interconnecting Equip-
ment was issued in December 1958. Sufficient data was obtained by then to provide
a complete report with recommendations for improving the reliability and life of

the units.

6 4 Final Report on Environmental Life Test of VIE

The following final report is identical to one submitted 1n December 1958
and includes the addendum to Section V¥, Part F of the report which was submitted in
February 1959 Section Vi of this report covers tasks number two and three in as-
signment of 10 March 1958

The following 1s a tabular list of contents of the final report.

I. OBJECT OF ENVIRONMENTAL LIFE TEST
I't., TEST PROCEDURES
A Description of Accelerated Life Test
B. Cycling Procedure
C. Photograph Procedure
D. Basis of Cycling Rates and Equivalent Days of Operation

11, TEST RESULTS
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IV. PHOTOGRAPHS OF REFERENCE WAVEFORMS
A. Reference Waveforms
B Overall comparison of Waveforms Before and After Tests
V. ANALYSIS OF EQUIPMENT
A. Power Supply
B Matn Chassis, Decoder-Modifier
C Sub-Chassis
Enabling Gate and Line Driver, Sub-chassis No 121
Radar Beacon Mixer and Decoder Mixer, Sub=chassis No.122
Select Pulse Generator and Coincidence Circuit, Sub=chassis
No 123
C/S Coincidence and ALL A/C Killer Circuit, Sub-chassis No 124
Identification Pulse Generator, Sub~chassis No.125
D Video Contrel Unmit
E. Control Cables
F Relay Life Test
VI. RECOMMENDATIONS FOR IMPROVING THE STABILITY, RELIABILITY, AND EASE OF

MATNTENANCE OF THE VIE

1 OBJECT OF ENVIROMMENTAL LIFE TEST

The object of the environmental 1:fe test was to determine the deterio-
ration of electrical and mechanical functions of the Video rnterconnecting Equ:ip-
ment AND B Type 2.3Nsk4a under conditions simulating two years of normal opera=
tion. The deterioration of the electrical characteristics of crystal diodes, re-
sistors, capacitors, lamps, and electron tubes under high ambient operating tem-
peratures and its effect in degrading equipment operation was to be investigated
Upon completion of the tests recommendations are to be made for improvements to

the unit that would increase its stability, reliability, and ease of maintenance.
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11. TEST PROCEDURES

A. Description of Accelerated Life Test

Normal Operation: Equipment set up &t room temperature 25°%¢ & 5°C,
50 = 3 percent relative humidity Equipment to operate at nominal 1;ne power vol-
tage, frequency input, output load conditions, and operating frequency for two
hours,
Reference Test Data
Input* Line voltage~ 115V regulated, 360 watts
Radar video- 2V positive, 10 u sec duration
Beacon video~- VIE Code 00, 77, 52, 25,
0.5, 1, and 2V¥ positive pulse, 500 pps,
0.5 £ 0 10 u sec wide
Radar trigger= 20V positive, 0 §5 u sesc., pulse
Beacon trigger~ 5V positive, |1 u sec pulse
OQutput* Power supply, voltages and currents
+150V, 120ma, +250V, 130 ma;
-12 5v, +28v, 0 78; =200V
NOTE
Reference to CF, 1n the following description
for test points, 1ndicates a cathode follower
Beacon Video Waveforms, ALL A/C
Test Point
8 = Output of line driver, V~107
9 - ALL A/C coincidence bus, plates of CR-127 and CR-129
14 - Qutput of all A/C killer CF, V-124B, pin 8

53 = Output of beacon CF, V=110A, pin 3
59-1 - Qutput of beacen CF, V=109, pins and 3-6
72 = ALL A/C decoded video output at J-115
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Beacon Yideo Waveforms C/S

Test Point

17 -
20 -
59-1
72 -

22 -
26 -
W -
59-1

72 -

22 -
26 -
3 -

51 -

48 -

L9 -

53 -

71 -

C/S coincidence bus, TB=107, plates of CR=117 and CR-118
Output of C/S killer amp,, V=129A, pin |
- Output of beacon CF V=109 pins 3 and 6
C/S decoded video output at J-115
Seiect A/C
Select A/C coincidence bus, plate of CR~119 or J=123-]
Select A/C killer bus, plates of CR-151 and CR-154
Output of select A/C killer CF, V-1128, pin 8
Select A/C second pulse output at J=-123-24
- Output of beacon CF V=109 pins 3 and 6
Select A/C decoded video output at J=115
Ident A/C
Same as Select A/C
Same as Select A/C
Same as Select A/C
Same as Select A/C
Output of cathode follower, V-117A, pin 3
Ident A/C decoded output at J=122-24
Qutput at plate of timing amp , V=120, pin 6

Output of dunking pulse generator, V=-122,pin 1

Beacon Mixer

Output of beacon CF, V=110A , pin 3
[nput to plate of gating diode, CR-106

Output of gated CF, V-104A, pin 3
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Beacon Video Waveforms Gate Generator

Test Point
60 - Input to grid of trigger amp , V~125A, pin 2

62 - Plate output of multivibrator, V=125A, pin 6

65
68

Input to grid of timing amp , V=101, pin |

Input to gate generator CF, V-104B, pin 7

70 = Input to plate of gating diode, CR=106
High Temperature Operation: Temperature, EOOC plus 5°C, minus DOC, not
with less than 90 percent relative humidity Equipment to operate at
nominal line power voltage, frequency input, output load conditions, and
operating frequency for two hours., Performance data to be taken for com-

parison with reference data

Test Cycling® Following the two hour high temperature conditioning run,
equipment shall be subjected to a series of test cycles while operating

in a steady state ambient temperature of 5000 plus SOC, minus OOC, with
relative humidity to be not less than 90 percent

Test Cycling Schedule: (See Figure 21 and Table #11)

Procedure in case of shut down or failure: |In the event of a switch or
relay failure, the type of failure and its cause will be noted The unit
will then be replaced and the tests continued In the event of other com-
panent or tube failures, the circult concerned will be restored to its nor-
mal operating condition and the tests continued A record is to be kept of
all failures or malfunctioning of circuits Degradation of circuit opera-
tion will be recorded and the minimum level of satisfactory equipment func-

tion will be observed
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Tabie |1l Toggle and Rotary Switch Cycling

Function Operation Frequency Per Hour *
On - Standby = Off Standby to On 2
Standby to Off 2
€/s - Off - ALL A/C C/s to 200
ALL A/C
[dent A/C - Dn Loo
Raw-Decode - Check Raw 60
Check 60
Selected Code - On Loo
Select Code 0 -~ 7 Outer Ring 400
0 = 7 Inner Ring 400
Radar Only=Mixed= Radar Only = To 200
Beacon Only = Beacon Only 200
Range Selector 6 Mi. to Remote 60
Beacon Video Gain Full CW and Return 10
(* See Note Figure 21)

B Cycling Procedure

The equipment was cperated on a nearly continuous basis from
Aug 21, 1958 through Oct 8, 1958 From the start of the test all con-
trols and switches were operated automatically by the cycling drive unit
to simulate actual use at an accelerated rate. A mechanical counter was
attached to the toggle switch actuating bar to record the total! number of
operations The rotary switch count was obtained by recording the rotary
switch drive motor operating time This was possible since the drive mo-
tor operated at nearly synchronous speed due to the light operating loads,.
During the test the drive shafts to the rotary switches were uncoupled at

intervals to provide the required total operations The drive rate was
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very nearly the recommended rate of 12 cycles per minute as specified in
MIL~S$~3786 while maintaining the required number of operations to simulate

two years of normal use

The environmental test chamber was cycled from 25°C to 50°C and

back to 25°C 1n accordance with test cycling schedule (see Figure 21).

c Photographing Procedure

The reference photographs (Figures 22 to 27 and 28 to 33) taken
at the beginning and end of the life test, are reproduced in this report

which were taken with a Dumont Type 2614 Oscillograph Record Camera This

camera records a mirror image of the waveform and, therefore, the time axis

is from right to left. The initial reference photographs were taken dur-
ing the week preceding the start of the life test on August 27, 1958. The
final reference photographs were taken after the simulated two year life

test was attained.

D Basis of Cycling Rates and Equivalent Days of Operation

It must be kept 1n mind that the basis for equivalent days of
operation for any failure are based on the expected operations per hour of
that particular function or switch.

However, the following is presented as being representative of
normal operation for use in setting up equivalent days of operation.

ON-STDBY=OFF: Standby to On = Once per day
Standby to Off - Once per week

CS-0FF-ALL A/C: 5 times per hour

IDENT A/C-OFF: 12 times per hour

SELECT CODE-OFF: 12 times per hour
RAW~DECODE-CHECK 2 times per hour
SELECT CODE ROTARY SW. 12 times per hour
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RADAR ONLY-MIXED-BEACON ONLY. 6 times per hour
RANGE SELECTOR 2 times per hour
These are rates that we have determined from data furnished by TDC

and the New York Center. Any substantial deviation from these rates will
be reflected in a change o% equivalent days of operation in the life test
It 1s not possible to assign any equivalent days of operation to components
which operate continuously such as tubes, panel lamps, etc other than the
actual days of operation, totaling about five weeks. Operating rates for
relays are governed by the switches that control them Note that different

relays are operated at different rates from the same switch, for example

code relays K108-113,

111  TEST RESULTS
The following summary lists the difficulties encountered i1n the
Environmental Life Test of the Video Interconnecting Equipment Equipment and
component failures, the nature of the failure, the steps taken to restore oper-
ation of the unit, and the equivalent days of simulated operation are tabulated.
These test results, form the basis for the analysis of the equipment and the rec-

ommendations that fellow in Section VI
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At 25°C 50% RH Type of Failure | Adjust. Total Equivalent Days
Date Switch or Function Elec Mech Req'd | Operations | of Operation Comments
8/21/58 | ident A/C - Off X 11,500 Lo Replaced
8/22/58 | Select Code x 21,000 73 Replaced
Raw=-Decode~Check X 21,000 437 Spring only
replaced
Select Code Rotary 7,480 50 (Required
lubrication
of contacts)
Radar only - Mixed-Beacon 7,480 100
Range Selector 310
8/23/58 | Unit operating satisfactorily
8/24/58 | Unit operating satisfactorily
8/25/58 | Edge lighting lamp out X Replaced
Relay K109 contact failure x 224,000 520 Spare posi~
tion wired in
Gate pedestal adjusted X
Select Code Rotary X 32,000 220 Replaced
Radar only - Mixed Beacon X 32,000 LLo Replaced
only
Range Selector X 32,000 1,330 Replaced

Table 1V

Summary of Environmental Life Test Resulits
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At 50°C 90-95% RH Type of Failure| Adjust. Total Equivalent Days
Date Switch or Function Elec. Mech Reqd Operations | of Operation Comments
8/26/58 | Gate pedestal adjusted X
8/27/58 | Ident A/C - OFf X 61,180 210 Replaced
Gate pedestal adjusted X
fdent A/C
Select A/C x
Select A/C x 2nd pulse
clipper
adjusted
All switching discontinued All rotary
switches
badly worn
At 25°C 50% RH
8/28/58 | Select A/C X
Select A/C X Select
clipper ad)
K110-B, Relay X 330,000 330 Replaced
KllB“A] Relay X 33¢,000 330 Replaced
Code lamp out bie
K105 = Seiect A/C Relay 3 80,000 255 Double pulse

in C/8 - Al
A/C - Off

Table iV

Summary of Environmental Life Test Results {cont.)
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At 25°C 50% RH Type of Failure| Adjust Total Equivalent Days
Date Switch or Function Elec Mech. Req'd. | Operations | of Operation Comments
8/29/58 | K104 Relay X 80,000 280 Replaced high
resistance
contacts
9/2/58 | All adjustments X Alignment
9/3/58 | All adjustments X Alignment
9/4/58 | All adjustments X Alignment
KiC9 = B, Relay X 330,000 765 Faulty, but
not replaced.
9/5/58 | A1l adjustments X
9/8/58 | Unit operating satisfactorily
9/9/58 | v126 X Replaced
K105 Relay Select A/C X 80,000 255 High contact
resistance
9/10/58 | Pwr. Supply Voltages
adjusted
At 50°C 50% RH
Gate pedestal adjusted X

Table iV

Summary of Environmental L:fe Test Results (cont.)
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At 25°C 50% RH TnyLof Failure | Adjust. Total Equivaient Days
Date Switch or Function Elec. Mech. Req'd Operations | of Operation Comments
9/11/58 [Select X

€S, All A/C X

Gate pedestal adjusted X

K113 & K110 only, started
cycling

At 25°C 50% RH

Gate adjusted *

9/12/58 {Unit opsrating satisfactorily

9/15/58 V114 2nd Selact pulse amp X Replaced
Adjust 2Znd Select pulse amp. x
Adjust gain and clipper b4
Range Switch X 15,270 635 Repaired by
paralleling
2nd deck

9/16/58 |Unit operating satisfactor:ly

9/17/58 |Unit operating satisfactor:ly

Gate circuit modified

Takle IV Summary of Eavironmental Life Test Results {cont.)
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Date

At 50°C 50% RH
Switch or Fuaction

Type of Faiiure

Elec

Mech

Adjust.
Reqg'd

Tctal
Opsrations

Equivalent Days
cf Qperation

Commants

9/18/58

Unit operating satisfactor:ily

9/19/58

Vizé

Replaced

9/22/58

Unit operating satisfactorily

9/23/58

Urit operating satisfactorily

At 259C 59% RH

9/24/58

Unit operating satisfactorily

K113 & KllQ

200,000

195

OK

9/30/58

K113 & K!10

325,000

320

1].4

10/1/58

R252 Raw Video Cain

Relay K107 Decode-Raw

2,700

] yrs

Adjusted

Sticking

10/6/58

LUnit operating satisfactorily¥

10/7/58

Final Refszrence Photos

16/8/5%

E

Cycling Relays K113
and K110 stoppad

477,000

L75

oK

Life Test Concluded

*Except

for celays previously indicated as faulty but not replaced

Table [V

Summary of Environmental Life Test Results (cont )




Table |V Summary of Environmental Life Test Results (cont )

Power Supply Voltage Readings
Test Points Junction
of
R304 & R305 J306 J303 J307 J304
Voltage Specified -200 -12.5 250 150 28

Voltage at Max, =205 -10, 256 152 24 5
259C Min. -205 -9 6 252 150 24 5
Voltage at Max. =204 -9 9 255 152 25 3
50 Min -~203 -9 6 252 150 24 8

Note: All readings taken from points indicated to ground using a 20,000 ohms~-

per-volt voltmeter

v REFERENCE PHOTOGRAPHS OF WAVEFORMS

A Reference Waveforms  Figures 22 to 27 are reference photographs

taken at the start of the Environmental Life Test The time axis is from right
to left Figures 28 to 33 are reference photographs taken at the conclusion of
the Environmental Life Test, simulating two years of normal use The time axis
1s from right to left

Since it would not appear practical to completely analyze circuit defic~
1encres using the reference photographs, Section V presents comments and recom=
mendations which are based on failures and changes encountered during the life
test They are broken down t(nto Power Supply, Main Chassis, Sub Chassis, and
Control Box, and discussed in that order

B Overall Comparison of Waveforms before and after Tests

Careful comparisen of all photographs revealed only small amounts of

circuit degradation tn all cases discernible changes could be traced to tube
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aging, a tube replaced during the life test, or slight variations i1n alignment

The unit was aligned before the start of tests and once during the life test,

after a high bhumidity-high temperature run

changes noted

The following 15 a tabulation of

TableV Percentage Change 1n Amplitude, after Life Test
Test Percentage Change in Comment
Point Amplitude After Life
No Test
* 2V ¥ ]y * GV
i

8 0 0 0 OK

9 0 0 0 0K

ih 0 0 0 0K

17 -20 =20 30 Output of VI05, V106, and V107 down
20 =11 -7 15 Output of V105, V106, V107, and V109

down

21 ~-10 -5 5 Output of V105, VI06, and V107 down
22 0 0 0 Mo change

26 -6 -6 ) V112 output down slightly

341 20 15 0 R189 gain adjusted

34-2 ~70 =50 =100 R189 galn adjusted
L 0 0 0 No change

48-1 0
4y 0

* Indicates video Input volts

65



Table Vv

Percentage Change 1n Amplitude, after Life Test (cont )

Test

Percentage Change in

Comment

Point Amplitude After Life
No. Test
+2 ¥ *t y * 5V
51 0 0 0 No change
53 =10 =11 R290 gain adjusted, V129 weak
55-1 Lg 80 50 Poor alignment originally
60 0
62 Lo V125 replaced during life test
65~1 0 0 0 Decay time 1-1/2X, V125 replaced
65-2 0 0 0 Decay time 1-1/2X, V125 replaced
68 0 0 0 Pulse length increased 56%
70-1 =20 =20 -20 Decay time decreased 3 X, diode change
70=2 =20 -20 -20 Decay time decreased 3 X, diode change
—
71-1 5 0 =100 Poor alignment originally
72-1 -30 0 ~100 ¥129 gain down, replaced
72-2 -30 Limrter set lower
72-3 ~30 -30 Limiter set lower
72-4 -30 -30 Limjter set lower

*Indicates video i1nput volts
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V. ANALYS1S OF EQUIPMENT
A Power Supply

Three changes were made on the power supply before the start of the
life test Lamp voltage dropping resistors R268 and R269 were changed from 68
ohms, 1 watt to 390 ohms, 2 watt to lengthen pilot lamp life, Resistor R301,
part of the minus 200 volt reference voltage power supply, was changed from 56K
ohms, 2 watts, to wire wound 55K ohms, 20 watts

Previously, resistor R301 was exceeding its rated power dissipation,
and consequently changing its resistance value. This caused the minus 200 volt
reference voltage to fluctuate With resistor R301 replaced, and the unit oper-
ated from a regulated 115 volt source, no further trouble was experienced with
the power supply for the duration of the life test It was found necessary to
adjust voltage levels only once, and regulation of all voltages was better than
5 percent for the length of the life test. Results indicated, that when a regu-
lated source was used, very little trouble would be encountered 1n the power sup-
ply No difficulty was experienced with the thermal delay relay, K302, under any
operating condition Field reports had tndicated that this relay was causing

some equipment malfunction

B Decoder~Modifier, Main Chassis
Lamp resistors R268 and R269 were changed from 68 ohms 1 watt to 390
ohms 2 watts to increase pilot lamp life No further problems were encountered

on the marn chassis,

c Sub-Chassis
Enabling Gate and Line Driver, Sub-chassis No 121
This sub chassis contains the gate circurt modification described 1n
the September, 1958 report. This was a very hot chassis. While the diode change

to silicon high temperature type had eliminated gate pedestal shift, it did not

reduce the operating temperature of this chassis At 50°C ambient, the chassis
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temperature near the top reached 109°L At 25°C ambient, this was reduced to

84°C  With a total of nine tubes, mounted tn an arsa 2-1/2inches by 8-1/2
inches, there was little that could be done, short of package re-design, to re-
duce the operating temperature of this chassis. Figure 34 indicates the various
temperatures encountered. With such high operating temperatures, reduced tube
life must be expected, even with heat dissipating tube shields It is recommend-
ed that |ERC TR6-6020H tube shields be installed on tubes V107, Y126, and V125,
No other cause of reduced tube life, could be found in the ¢ircuits associated

with V125 and V126

Radar Beacon Mixer and Decoder Mixer, Sub~-chassis No., 122

There were no modiflcations made on this sub chassis  The only pro-
blems encountered during the life test, were failure of the All A/C relay KIO4,
and the Select relay K105. These relays failed, as the contact resistance iIn-
creased from a few tenths to several thousand chms Fatlure occurred at 80,000
operations for both relays These relays were Allied Control Company, type MH-12D,
rated at minus 55 to plus 8506, which were used throughout the equipment These
relays will be completely discussed under the relay life test section of this re-
port

Subsequent to the environmental iife test, it was found that the re-
sponse of the unit, i1n the RAW VIDEOQ position, varied with the change in coding
In adjusting the unit to meet proportionality requirements at 0 5 volt input,
Code 00, the signal leak-through, with Code 77, was above limits. Adjusting the
limiter potentiometer decreased the leak-through of the signal, but this in turn
reduced the Code 00 output below the 2 volts limiter value. Increasing the gain
control, increases the pulse width, to a psint where the pulse spacings are elim-
inated

Observatijons of thé pulses at the end of the delay tine Z-101, indicat-

ed that the pulse amplitudes varied with different codes At Code 00 the
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amptitude was 1 6 volts, whereas the average amplitude for Code 77 was about 2 8
volts This condrtion was found to be due to the loading effect on the delay
line of the killer bus resistor R640 (1000 ohms) through - 12 5 volts to ground,
R179 (1000 ohms), the ALL A/C Killer bus to ground, and R672 (680 chms), the ai-
ternate Killer bus, to ground, Unloading the delay line, when 1t 1s used to pass
the RAW VIDEO signals by removing the above resistors, resulted in the following.
1 All codes were passed through the delay line with equal amplitudes
2 Proportionality requirements were easily met with no critical ad-
Justments,
3 The RAW VIDEOD output pulses from the decoder were of similar
shape, width, and amplitude regardless of code setting
Modification of the untt involves the moving of relay K107 {DECODE-
RAW VIDEO) to the main chassis and the use of the three unused relay poles This
modification unloads the delay line in the RAW VIDEOQ position of relay K107 and
restored the delay line loads at the DECODE position Fig 35 shows the wiring
changes required This involves the following changes.
(1) The addition of nine additional wires (three per relay pole) and
four standoff terminals
(2) Repositioning former wiring of relay K107
(3) Relocating four resistors to positions on the KI07 terminals and
bracket, (see Fig 36)
Modification, alignment, and test of the umit, indicated improved per-
formance could be cbtained without affecting existing circuit operation
Select Pulse Generater and coincidence circuit, Sub-chassis No 123
There were two problems encountered in sub-chassis 123 One was the
failure of code relays K108 through K113 which would develop intermittent high

contact resistances after about 300,000 operations As these relays would fail,
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multiple replies could be detected from a single code input, as the select killer
would become inoperative These were again Allied BSOC type, and will be discussed
under the relay life test section

The second problem concerned the appearance of noise at the video output
on the 200 mile range This was caused by a slight positive overshoot of the
second select pulse before it traveled the round trip on the 20 3 u sec delay
line, DL102 This positive overshoot appeared at the grid of V114 (see Figure 37)
Since it was positive, it would not be removed by the clipping network, R190 and
diode CR142 By lengthening the time constant of coupling network, C195 and R187,
the overshoot was el iminated and the noise was removed To increase the time con-
stant, change R187 from 100K ohms to one megohm. This change 1n no way affects
the operating point of the tube or its bias

C/S Coincidence and ALL A/C Killer Circuit, Sub=-chassis 124

No problems were encountered with sub-chassis 124

ldentification Pulse Generator, Sub-chassis 125

The only difficulty experienced with sub-chassis 125, was during
alignment, when attempting to extend the 1dent pulse to the proper length for
each range Replacing V122 and adjusting C132 corrected this condition It was
necessary to adjust Cl132 again, when the unit was re-aligned during the test, to
compensate for tube ageing characteristics Variations 1n tube characteristics

affected the multivibrator time constants

D Video Control Unmit
Except for lamp resistor R4O7, which was changed from 5 ohms 10 watts
to 20 ohms 5 watts troubles found in the control box were of a mechanical nature.
Increasing the resistance of RhO7, increased the life of the edge lighting lamps,
particutarly the code lamp Mechanical troubles encountered were, breakage of the

toggle switches and contact wear of the rotary switches
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The toggle switches were found to last anywhere from 11,500 operations,
to an excess of 150,000 operations. The lighter construction type, ST22N, used
in the Select code and ldent A/C 95404 and S405) positions, failed short of the
desired two year life When failure occurs at the installation they should be
replaced with a heavier duty type, ST52N. The remaining toggle switches are a
heavier type, and since they are used fifty percent less than switches S404 and
SLOK, no trouble should occur

There is no definite answer to rotary switch wear As mentioned in
the life test summary, failure may be expected after 60,000 operations even with
lubrication The RADAR ONLY-MIXED-BEACON ONLY switch, will last the desired two
years since 1t 1s used only six times per hour The RANGE SELECTOR switch,
which is used only twice per hour, will also last without difficulty The SELECT
CODE rotary switch however, may not last one year. |t would be beneficial 1f the
switches were lubricated every four months, at which time inspection of wear
could be made and switch life extended by this procedure., There is no switch of
a similar construction, that will outlast the type now used A change to a
Daven precision rotary step switch would entail considerable mechanical changes
in the box At this time, a four month 1nspection and lubrication program of
rotary switches, 1n the control box, is the best answer Standard 0il Company,

Beacon M325 grease, is recommended as a MIL approved lubricant for the contacts

E. Control Cables
No difficulty was experienced with the control cables Due to the
method of control switching employed, the effect of drops in the cabling did not

affect unit performance

F Relay Life Test
Relays proved to be the source of most failures in this unit Tests

on the equipment, indicated, that the proper relays for the dry circuit
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application were not used, As a result, the relay contacts form a film that,
under low voltage and current conditions, does not permit the flow of current

The nine units received for alignment, contained 22 per unit, of
85°C, type MH-12D, Allied Control relays In fact, there was a mixture of 85°C
types This was in disagreement with Farnsworth'!s part list, which indicates
-550 to 12500 type MHB-12D relays. |t has been found that the 85°C type would
not be durable 1n a 50°C ambient temperature Since the relays continued to
fail with different total operations, but at about the same time, 1t was probable
that the failure resulted from an crganic film, rather than from tarnished or
pitited contacts In the relays examined, there was a thin film deposited on the
contacts that were used for the various circuits.

In an ‘effort to find a suitable dry circuit retay, a 1ife test of four
different types of relays began on October 27, 1958 and was concluded on February
3, 1959 At that time, the relays had been cycled one million times

The resistance values indicated are for each pole of the relay turned
both "on"' and '‘off" In the cycling test, readings were taken at 10,000 opera-
tion intervals For every reading, each relay was operated several times, and
the highest resistance value in each position was recorded Table VI| condenses
this data to the highest resistance recorded for every 50,000 operations In the
test, a Simpson 260 VOM was used to record the resistance values. Due to the re-
sistance of the leads, and the range of accuracy of the meter, resistance values
of less than 0 5 ohms are not considered significant Contact resistances of
less than 10 ohms should not effect equipment performance in these dry circuit
applications

At the conclusion of the test, the relays were dismantled and each re-
lay was examined under a microscope Tablev| lists the failures that occurred
during the test, and the reason for it, based on visual inspection. In addition,

the following information noted about each relay may prove helpful
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Relay No 1 The Union Switch and Signal relay has radially mounted
poles with contact edges perpendicular to the base. They are actuated by a ro-
tating armature A soft carbon-like substance was found to have collected on the
contacts, but 1t is apparently not detrimental to contact conductance

Relay Nos 2 and 3. Allied relays have contacts which are parallel to

the base. Action of the armature is up and down. This relay would not be most

suitable for mounting i1n an upright position, since any debris could not fall free

of the contacts

Relay Nos

a rotating armature

L and 5

Filters relays have upright contacts, activated by

A slight amount of contact pitting was noted, but no residue

was left
Table vI  Analysis of Failures
Relay No Pole No. Position Comment

2 12 ON Misalignment of moving contact caused
contact to strike on edge Burning and
pitting of both contacts resulted

2 14 OFF Small amount of burning and pitting
evident,

3 1] ON Contact pitted and burned Resulting
Bash'' apparently builds up and causes
failure

5 10 -=- Movable contact leaf broken Failure
due to metal fatigue.

Evaluation of Data:

Considering that a contact resistance of less than 10

ohms does not constitute a failure, relays No. 1, 4, and 6 successfully complet~-

ed the life test

Relay No. 3 comes close to this criteria, but might show some

circuit degradation, since a maximum contact resistance 16 ohms was noted on Pin

11

For any failures that occur however, we would recommend replacement with

Filtors Inc , type 26WDK12S, relay, and socket assembly WDK12

This plug=in
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type, with the socket mounted from above the chassis, offers the advantages of
direct mechanical and electrical replacement for all Allled relays, Ki02 through
K123, now used in the equipment
Performance of the two Filtors Inc relays in the life test confirms

this decision. The fatigue failure in No. 5 may have been caused by a flaw in
the metal and possibly, is an unusual case Contact resistance does not seem
to be an important factor with these relays. {n addition, since the socket will
fit firectly 1n existing mounting holes, installation is much simpler than for

the other plug=in types.

Conclusion: For future equipment needs, the relays which are best
suited should be specified The Union Switch and Signal relay performed well
throughout the test. It is a six pole plug=in type of slightly larger size than
the Filtors or Allied types Only one unit was available for testing, and so data

may not be conclusive It requires a 1-1/8 inch mounting hele

The Allied Control relays performed better in the life test than they
ditd in the unit Even so, high contact resistance continues to be a problem,
The mounting socket requires one inch mounting hole, but needs 1-3/16 inches clear-
ance above the chassis.

The Filtors Inc relays are available n four or six pole plug-in types
The No L4, four pole type tested here, proved satisfactory The socket requires
a one inch mounting hole, making it suitable for compact equipment

The Guardian Electric relay performed very well but is not of the plug-
In type It is also physically larger than any of the other relays, measuring
1-3/16 x 1-3/16 x 2 inches If space problems are not critical, and the plug-in
feature were not desired, this relay would be suitable

The plug-in feature of the Filtors relay increases the price only

slightly, and permits rapid future servicing of the equipment, should another
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failure occur This feature would be especially desirable for the code relays
K108 through K113, so that they could be interchanged periodically to equalize
the number of operations performed On any equipment to be built in the future,
it would be advisable to use plug=in type relays

The two remaining relays K101 and K124 are Filtors Inc , 6PDT, type
265M188., The suffix B appears on the relays in the units, but not on the parts
list, which indicates that they are a special type. Since these relays are rated
from minus 65 to plus ]25°C, and are apparently a special order, they may be sat=~
isfactory No trouble was noted during the life test cycling of K101 However if
failure occurs, we recommend replacement with Filtors plug-in relays, type 26WDK-
185, and WDK18 socket assembly, This is the type that should be used for dry

circuit application

VI.  RECOMMENDATIONS FOR IMPROVING THE STABILITY, RELIABILITY, AND EASE OF
MAINTENANCE OF THE ViE.
In order to report results to TDC as soon as failures or malfunctions
occurred, circuit or component changes were recommended periodically In this
section a summary of the recommendations with the reason for the recommendations

are listed

RECOMMENDAT | ON REASON

1 Install 390 ohm 2 W carbon resistors 1 Extend pilot lamp 1ife
in series with ppwer supply and de-~ while maintaining suffi-
coder-modi fier indicator lamps, In ctent i1ndicator bright-
place of 68 ohm resistors, ness

2, Install B5K, 20 W wire wound resistor 2 Stabilize power supply
yn place of 56K 2 W composition re- output voltages due to
s1stor, R301, in -200 volt reference overheating of 2 W
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RECOMMENDATION (cont)

REASON (cont)

2 (cont) 2 (cont)
supply. resistor dissipating over
2 L watts
3. Move 115V input on T302, from 3. This will reduce the 28
pin 3 to pin & volt DC supply veltage to
approximately 26.5 V DC and
29 5 V RMS which will pro-
vide longer relay coil and
pilot lamp 11fe Original
tap position resulted i1n a
measured 28 V DC and a 32.5
¥ RMS value.
kL. Use of a constant voltage line L This will maintain power
power regulator. supply voltages within the
rated limits
5 Toggle switches of the ST22N 5 The heavier construction of
types, (S4O4, SLO5), replaced the ST52N type will provide
with ST52N types when swijtches greater }ife
farl
) Rotary switch contacts should 6 Switch 11fe will be extend-
be lubricated and inspected for ed and imminent failure de-
wear every four months  Beacon tected |
M325 grease made by the Standard
0il Co 1s recommended.
7 Control box edge lighting and 7 Extend edge lighting and

code lamp dropping resistor

code lamp life while

76




RECOMMENDAT ION (cont)

REASON (cont)

{cont)
R4LO7, 5 ohm 10 watt changed to

20 ohm 5 W wire wound resistor.

{cont)
maintaining sufficient 11-

tumination

Stabilize the Gate Pedestal Adjust

circuit operation by changing
CR105 and CR106 from IN198 ger-
manium types, to INI95 silicon
point contact types. The wire
from pin 4 of R116 (the fixed

tap) 1s moved to pin 3.

At the higher ambient tem-
perature and normal operating
temperature rtses, the germa-
nium diode characteristics
shi1ft causing a Gate Pedes-
tal change The high temper-
ature silicon diode 15 more
stable in this condition and
does not show this Gate Ped-

estal level change

Heat dissipating tube shields
IERC, Type TR-6020H, should be
installed on tubes Y=-125, V-

126, and V=107

These shields reduce the

tube bulb temperatures and
contribute to longer tube
life and stable operation

It 15 possible that at the
high ambient temperatures,
manufacturer's ratings may

be exceeded uniess steps are
taken to reduce these temper-

atures

Change Select Second Pulse
Amplifier grid bias resis-

tor, R187, from 100K to IM,

10

Pulse overshoot with noise
superimposed by the delay

line on the 200 mile round

trip position causes this
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RECOMMENDAT ION (cont)

REASON (cont)

10

10

(cont)

noise to appear In the out-
put Removal of the over-
shoot brings this noise be=
low the base line and elimin=-
ates it from being amplified

and appearing in the output

11

Relocate and rewire RAW VIDEO=
DECODE relay, K-107, to pro-

vide improved raw video output

11

This change provides a means
of unloading the delay line
DL-101 This allows the raw
video pulses to pass through,
without changing amplitude,

when different codes are se-
lected Raw video pulses

thus appear nearly equal 1n

amplitude, width, and shape

12.{(a) Relays K102 to 123 of the

(b)

Allied MH=12D type, replac-
ed with Filtors Inc , type
26WDK12S relay, and WDKI12
relay, and WDK12 socket as-
sembly when relays fail
Relays K101 and Ki24 of the
Filtors Inc , type 26SMI1BB
replace with Filtors Inc
type 26WDK18S relay, and WDK

18 socket assembly, if these

relays should fail

12 (a) Allied relay has only plus

(b)

85°C rating, and will not
stand up at hrgh tempera-
tures Direct replacement
plug-1n type are easier to
service

Direct replacement plug=In

type are easier to service
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TABLE Vi1 RELAY LIFE TEST (RESISTANCE = OHMS)

6L

NUMBER OF OPERAT |ONS 0-50M 50-100M | 100-150M |150-200M | 200-250M | 250-300M | 300-350M
POLE
NO. RELAY TYPE NO ON |OFF| oN loFF { oN |oFF | oN |OFF | OoN OFF| ON {OFF | oN |ofFF
1 | UNION SWITCH AND 1 A5 18| 18| 18| .18 18] .18 18 18 | 18 18 18 18 1 18
SIGNAL UN324362 2 15| 18 18].18} .18 | 18| .18 .18 18 |.18 18] 18 18| 18
STYLE DM 26.5 V 3 51 18t .15 1.0 18 |1.0 [.18{1 0 18|10 1811 0 18
-65°C  +125% L s 18] .15 .15 18 ].18 18 |.18 18 | 18 18] 18 18] 18
5 2 2 .18 | 18 A8 1.18 18 1.18 i8 |.18 18 18 18 18
6 151 2 181 18 18 18 .18 1.18 18 | 18 18].18 .18 18
2 | ALLIED CONTROL CO.INC 9 15| 15 18].18| .18 | 18 18).18} .18 |.18 18| 18 18] 18
MHBLO-12D 26.5 V 1] 151 15 18{ 18 18 .18 18 | .18 181 18] .18 18 18] 18
CODE AS348 12 i5| 15 181 18| .18 |.18 18] 18 18 | 18 181 18 18] 18
14 i5 15 18 18 I8 18 18 18 18 18 18 18 18 18
3 | ALLIED CONTROL €D INC 9 15| 18] .18 18 18 | 18 18| 18 18 1.18 18] 18 181 1
MHBUD~12D 26 5 V 11 1] 1gl 18] w2y 18| 18 18 ].128 18 | 18 181 18| .8 | 18
CODE AS3L8 12 15| 18 15| 18] .18 |.18 18| 18 18 | 18 18] 18 19 ]
ih 15 13 12 1.18 18 18 181.12 18 18 i8 18 12 i 5
k| FILTORS INC 1o 18 1130 18 (1202 [18 [i130.] 18 |13 18 [1307 ] 18 | 130 "8
26 WOK 125 26 G Y 15 1z | 18 141 .18 18 |.18 18| 18 18 ] 18| L1831 18 18 | 1%
LOW LEVEL -65°C +125%C 13 51 12 1818 .18 .18 18 1 13118 15| 18 ] W
SERIAL NO. 98797 19 15| 18 1l e .18 1.18 181 18 8 | 18 13| 18 18 | %
5 | FILTORS INC. 4 15 18] .18 18 18 |.18 81 18 21181 .18 18 12 .12
26 WDK 125 26 5 ¥ 10 151 18 .18 181 .18 18] .181].18 13118 .18 .08
LOW LEVEL 65°C +125°% 13 15| 18] .181.18 181 181) .181.18 18 .18 .18 18 181 18
SERIAL NO 93706 19 15| 18 181.18 .18 | 18 8| 18 13 | 18 181.18] .18 18
6 | SJARDIAN ELECTRIC 3 2v ] 2 12| 18 181 18] .18 | 18 18 | 18 18| 184 .18 ] 18
MEG. CO, 6 21 2 81 18 i8 18 8 18 18 18 18 18 18 18
G~5700 9 2V { 2 .18 18 18| 18 18 | 18 18 18] .18] 18 18| 13
12 21 2 L8 1,18 18 18 18 18 18 1.18 18 I8 18 18
15 21 ] .2 81,18 .18 118 .18 | 18 181 18] .18 18 18| 18
18 21 2 .18 18 18 (.18 .18 18 .18 18 18 | .18 18 18
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TABLE VII. RELAY LIFE TEST (RES!ISTANCE = OHMS) (cont)
NUMBER OF OPERATIONS 350-400M LOo-450M 450-500M 500-550M 600-650M 650-700M
POLE

NO. RELAY TYPE ND. | ON |OFF ON | OFF ON | OFF ON | OFF ON | OFF ON | OFF
1 UNION SWITCH AND 1 .18 1.18 .18 1.18 2 | .2 2 2 2 2 2 2
SIGNAL UN324362 2 18 | 18 i8].18 .3 3 2 2 2 2 2 1.2
STYLE DM 26.5 V 3 .0 (.18 |10 18 0 |.2 .0 2 8 2 12 2
-650C +1259C i 18 |.18 .18 .18 2 2. 2 2 2 2 .2 2

5 18 |.18 18| 18 .2 2 .2 2 2 |.2 2 2

6 18 | 18 18 18 2 |2 2 2 2 |.2 2 ]

Z ALLIED CONTROL CO iNC. 9 .18 | 18 A8 18 .3 | .6 .2 2 2 2 2 1.2
MHBUO=-12D 26 5 V 11 18 | 18 181 .18 2 | .2 2 2 .2 2 2 1.2

CODE AS348 12 18 | 18 18| 18 2 2 .2 3 2 4 2 4

14 18 |.18 18] 18 3 3 2 2 2 2 pJ 2

3 ALLIED CONTROL CO. INC. 9 i8 | i8 18| 18 18] 8 2 L 2 2 2 1.2
MHBUO=12D 26 § ¥ I 18 | 18 8] 18 5 1.2 5 k! 0 3 60 | L

CODE AS348 12 1811 18| 18 18] .18 o 3 2 2 L 1.2

14 18| 18 a8 18 8| 18 31].5 .2 2 .2 2

b FiLTORS §NC L 12| 18 302 18 12| 18 L L L | .4 4 1.3
26 WDK 125 26 5 ¥ 10 18 |.19 8 18 181 2 3 3 3 3 3 3

LOW LEVEL =65°C +1259C 13 | 18] 18 12| 18 18| 18 31 3 3| 3 b | &
SERJAL NO 98707 19 18 18 i8 18 18 18 & L 4 4 3 3

5 FILTORS iINC. L 18 | 18 .18 1 .18 7 |.18 A L A I 7N
26 WDK 12§ 26.5 ¥ 10 12 1.18 18 18 .181 .18 A L 5 5 L L

LOW LEVEL -65°C +125% 13 .18 | 18 18| 18 181 .18 .3 A Ao .3 4
SERIAL NO 98706 19 18 |1.18 .18 18 18] .18 3 4 4 4 4 4

6 GUARDIAN ELECTRIC 3 18 |.18 .18 18 .181 .18 o I L 4 T
MFG. CO. 6 18| 18 18| .18 181 .18 b L 6 L ' L
G=5700 9 18 18 181 .18 18 18 L A .5 -5 .5 .5

12 18 .18 18| 18 18] 18 6 | .4 .6 L 6 | .4

15 .18 | 18 181].18 2 2 h b T A 5 5

18 18| 18 18!.18 2 (.18 4 L 5 5 L I




TABLE VII. RELAY LIFE TEST (RESISTANCE - OHMS) (cont)

NUMBER OF OPERATIONS 700-750M 750~800M 800-850M 850-900M 900-950M 950M-1M
POLE
NO. RELAY TYPE NO. | ON | OFF ON | OFF ON | OFF ON{ OFF ON | OFF ON | OFF
] UNION SWITCH AND 1 .2 yi .2 2 .2 2 3 2 2 2| .2
SIGNAL UN324362 2 2] .2 2 | .2 .2 2 2] .2 2 2 2 2
STYLE DM zg 5V 3 6 3 3.4 3 34| .3 50 L .2 2 2 2 2
-65°9C +125°C L .2 2 .2 2 20 .2 .2 2 2 2 2| .2
5 2| .2 2 | .2 2 2 .31 .3 2 2 3 3
6 2| .2 2 2 2| .2 3 3 2 2 2 2
2 ALLIED CONTROL CO iNC. 9 2 2 2 2 2| .2 .2 2 2 2 .2 2
MHBUO-12D 26 5 ¥ 3! .2 2 2 2 2| .2 .2 2 2 2 .2 2
CODE AS348 12 .2 5 3 3 3 3 2 | 13¢1 2 | 1308 2 1130+
14 2 2 2 2 21 .2 .3 3 2| .6 2 2.8
3 ALL{ED CONTROL CO INC 9 2 2 .3 3 2 2 .3 3 .3 3 3 3
MHBUO=-12D 26.5 ¥ 11 21 .4 |1e.0 3 7.0 3 116.2 3 50 3 9 0 3
CODE AsS348 12 .2 2 2 2 2 2 3 3 2 2 2 2
14 .2 2 2 2 2 3 3 3 2 2 L2 2
—t
i FILTORS NG Iy 3 3 .3 3 3 5 R N A i L L
26 WDK 128 2.5 ¥ s 3 3 3 3 3 .3 L L 5 5 3 &
LOW LEVEL ~659C +)259¢C '3 3 3 .3 3 3 3 3 3 5 [ 3 6
SERIAL NO 98707 ] 4 L H § .4 6 k 4 3 4 L 3 5
5 FILTORS INC L o L A I 6| .4 4 Iy 6 6 i 8
26 WDK 12§ 26.% v 10 5 5 .5 5 50, |86y, | 130 1130 (1304 | 130, 13067 130,
LOW LEVEL -55° +125% 132 3] .3 Loy b N L1 & I 7 & 8
SERIAL NO. 98706 19 3 3 & 4 6| .4 I 3 6 511
6 GLARDIAN FLECTRIC 3 T 1 5 1.5 5 .5 6| .6 .6 6 6 6
MFG CO. é L 5 1.5 .5 5 1.2 6 5 6 9 9
G=5700 9 .6 .6 6 .6 .b b 1 2 7 7 7 8 8
12 .5 .5 5 5 5 .5 6 6 [ 5 6 6
i5 5 .5 6 .6 .6 6 ) 6 8 3 .8 8
18 5 5 6 .6 5 .5 6 5 5 5 .7 7

8




65 Modificatlon of Video jnterconnection Eguipment ANDB Type 2.3 NSka

For Raw Video Operation

In the Final Report on the Envircnmental Life Test of the Video Intercon-
nection Equipment, recommendation number i1, recommended that RAW-DECODE relay,
K107 be relocated and rewired to provide improved raw video cutput

This modification consisted of removing relay K107 from Radar Beacon Mixer
and Decoder Mixer, subchassis number 122, and relocating it onto the Decoder Mod-
ifier main chassis  This included the necessary rewiring, adding wires, and re-
locating four resistors. Also the tube shields for ViO7, V125, and V126 were re-
moved and replaced with type 1ERC TR6-6020H tube shields

This change provided a means of unloading the detay line DL101, and allowed
the raw video pulses to pass through without changing amplitude when different
codes were selected Therefore the raw video pulses appeared similar 1n amplitud

width, and shape regardless of code setting

A modification was performed on one unit 1n Stewart-Warner laboratories and
the procedure was recorded This procedure, with a parts list, was submtted te

FAA fTor evaluation

e,
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CONTPRO(. BOX CYCLING MECHANISHM

ROTARY SWITCH DRIVE

A DRIVE GEARS
TO PROVIDE
DESIRED ROTATION

NOTE. GEARS ARE

DISENGAGED AT
PLING
—— COUPLIN APPROPRIATE INTERVALS

TO ACHIEVE CYCLING
RATE ODESIRED

TC ROTARY

SWITCHES i
ON CONTROL TOGGLE SH#\I\ICGH DRIVE
BOX GEARHEAD
DRIVE
MOTOR
. MOUNTING PLATE
ECCENTRIC
CAM >
DRIVE — ACTUATING ACTUAT ING
I UUO 00 BAR 4 BAP
LA
o] [a)
sLOT
FOrR 7 ., SW DRIVE
SW HANDLE = PLATE
Oor)

of ‘pr~—>" SCREWS

\\\ CONTROL BOX

NOTE. SW DRIVE PLATES ARE REMOVED AT APPRO
INTERVALS TOU ACHIEVE CYCLING RATE DESIRED.

Figure {8 Control Box Cycling Mechanism
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NOTES
| 1MOVE WIRE FROM FIXED TAP
(PIN &) OF 115 TO PIN 3
2 REMOVE IM1S5'S (CRI0O5 AND
CR106) AND REPLACE WITH
SILICOM TYPE 11195,

DI1BWSYDS ‘U 12EDIY PO} 11NDd 1) O1BY G| @4nbig

it

:

2

RI16

GATE 3
PEDESTAL
ADJUST

N

GATE | nPUT




—

UPM -70 ENVIRONMENTAL TEST CHAMBER
CODER SIMULATOR
SYNC VIDED OUT
I r
BERKLFY DECODER
DOUBLE PULSE GEN. MODIFIER
s I
RADAR TRIG PWR
AND VIDEO SUPPLY
BEACON TRIG
e com 505
' ON L X AND
oy BuLse CYCLING DRIVE UNIT
TEST
POINTS
SOLA LINE
REGULATOQOR
“’““.E’IJE.':'?" TEXTRONIX
54%5 SCOPE
| THERMOCOUPLE
IMUICATOR MULTIMETER

J[Figure 20, Environmental Test Setup




98

vz odnbid

tleeroyas 159 @417 Aoy

-

— ——— — ———  — ——

e —— —

mukl

1

2 YOLTS

MOTOR DRIVEXN

T N W . —— ——

SWITCH




1z 24nb14,

Bui| 249 1s9) JBqUEY) [EIUBLUOL TALT
TEMPERATURE - DEGREES CEMTIGRADE

{8

NOTE: EQUIPMENT TO BE PLACED 2N STANDBY
X REFERENCE TESTS {t1) POSITION FQR 15 MINUTES AFTER ZACH
o COMPARISCN TEST (20) TEST.

[l DAYS 8 HOURS AT 50° C

|0 DAYS AT 25°C

- | YEAR =L|-= 1 YZAR »
co g oo 0 @ g ¢ =20 oo

i

3

)

[

!

i
o 4 X X &l x X

bt bbbt e b b e b b b b b b b b L

0 | 2 3 4 5 & 7 ] 9 10 Il 12 13 ¢ 15 =Y 17 18 12 20 2t

TIME — DAYS




83

Test VIE Circuit Osclliloscope Waveform
Point Dascription Conditions V/div. us/div, Video Input Volts
8. OQutput of line ON 10.0 5.0

driver, V=107 and

input to decoding

lines

dence bus, sub- ALL A/C-ON

chassis 124, plate CODE-50

of dlodes CR~127

and CR-129
k. Output of All A/C ON 5.0 5.0

killer tr-ntl’n.‘ui;"B ALL A/C-ON ;

follower, V=1248, ANA —_—

pin 8 AR
17. /S coincidence ON 5.0 5.0

bus, TB8-107, C/5-ON

plates of dlodas

CR=117 and CR=118
20. Output of C/$ ON 5.0 5.0

killer amplifier, C/S-ON

V=-129A, plate CODE-50

pin

Figure 22. Reference Waveforms, Before Environmental Life Test




Test VIE Circuit 0scilloscope Waveform

Point Description Conditions V/div. wus/div. Video Input Volts
21, Select A/C co~ ON 2.0 5.0 2.0 0.5 1.0
incidence bus at SELECT A/C~

plate of diode oN
CR=119 or J=123=1 CODE=-55

22. Select A/C killer ON 5.0 5.0
bus, subchassis SELECT A/C~
123, plate of ON
diodes CR~151 CODE=55
and CR=-154
26 Output of Select ON 2.0 5.0
A/C killer cathode SELECT A/C-
follower, V-112B, ON
pin 8 CODE=-55
34=1. Select A/C second ON 1.0 5.0
pul se output at SELECT A/C-
J=123=24 ON
CODE~50
RANGE- 60
mi les
34-2, Same as 34-1. ON 1.0 5.0
SELECTY A/C-
ON
CODE~50
RANGE=- 200
miles

06
68

Figure 23 Reference Waveforms, Before Environmental Life Test



Test VIE Circuit Oscllloscope wWaveform

Point Description Conditions V/dlv. wus/div. Video Input Volts
I5. Output of cathode ON 10.0 2.0 2.0 0.5 1.0
follower, V-117A, IDENT A/C-
pin 3 ON
CCDE-50
48-]1. OQutput at plate of ON 20.0 2.0
timing amplifier, |IDENT A/C~
V=120, pin 6 ON
CODE-50
RANGE- 6
miles
1/p
4o, Output of dunking ON 10.0 5.0
pulse generator, IDENT A/C-
V=122, pin | ON
RANGE- 60
miles
5l. Ident A/C decoded ON 2.0 10.0
output at J=-122-24 {DENT A/C-
ON
CODE-50
RANGE~ 200
miles
53. Output of beacon ON 0.5 2.0
cathode follower, ALL A/C-
V-110A, pin 3 ON
CODE~50

06

Figure 24 Reference Waveforms, Before Environmental Life Test
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Test VIE Circuit Oscilloscope Waveform
Point Description Conditions V/dlv, us/div. Video Input Voits
59-1. Output of video ON 0.5 2.0 2.0 0.5 1.0
output cathode ALL A/C-ON ‘ ‘
follower, V=109,  CODE=50
pins 3 and 6 or BEACON ONLY
J=122-8 —
60. Input to grid of  ON 2.0 1.0
trigger amplifier,
V=125A, pin 2
62. Plate output of ON 10.0 2.0
mulitivibrator, GATE DELAY~
V-125A, pin 6 Mi nimum
65-1. Input to grid of ON 2.0 5.0
timing amplifier, GATE DELAY-
v=i01, pin | Minimum
RANGE~ 30
miles
65-2, Same as 65-1 ON 2.0 5.0
GATE DELAY-
Mi nimum
RANGE- 200
miles
Figure 25. Reference Waveforms, Before Environmental Life Test
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Test VIE Clrcuit Oscilloscope Waveform
Point Description Conditions V/div. us/div. Video Input Volts
68. input to gate ON 10.0 50.0 2.0 0.5 1.0
generator cathode GATE
follower, V-104B, DURATION -
pin 7 Minimum
70=1. Input to plate of ON 1.0 50.0
gating diode, GATE
CR-106 DURATION ~
Minlmum
RANGE=- 30
miles
70~2. Same as 70~} ON 0.5 50.0
GATE
DURATION -
Minimum
RANGE- 200
miles
71=1. Output of gated ON 0.5 5.0
output cathode GATE
follower, V=104A, DURATION
pin 3 Minimum
RANGE~ 30
miles
72=1. A1l A/C decoded ON 1.0
video output at ALL A/C-
J=115 ON
CODE~50
RANGE- 10
miles
Figure 26 Reference Waveforms, Before Environmental Life Test




Test VIE Circuit Dscilloscope Waveform
Point Description Conditions V/div. us/div, Video Input Volts
72"2. C/S dQCOded Vidw ON 005 5-0 2.0 0-5 1.0
output at J-115 C/S-ON
CODE=50
RANGE~ 10
miles
video output at SELECT A/C-
J=115 ON
CODE-50
RANGE=~ 10
miles
72=4, Ident A/C decoded ON 0.5 5.0
video output at IDENT A/C-
J=115 ON
CODE~50
RANGE=- 10
mi les
o Figure 27 Reference Waveforms, Before Environmental Life Test




Test VIE Circuit Oscilloscope Waveform
Point Description Conditions V/div. us/div. Video Input Volts
8. Output of line ON 10,0 5.0
V=107 and Input
to decoding
lines
9. All A/C co~ ON 1.0 5.0
incidence bus, ALL A/C-ON
subchassis 124, CODE~50
plate of diodes
CR=127 and CR-129
14, Output of All A/C ON 5.0 5.0
killer cathode ALL A/C-ON e
follower, V=1248 CODE-50 AACAr AN
pin8 ' ’ Wﬂl W -_":m e
17. C/S coincidence ON 5.0 5.0
bus, TB-107, C/5=0N
plates of diodes CODE-50
CR=117 and CR-118
20. Output of C/S ON 5.0 5.0
killer amplifier, C/S-ON
V=129A, plate pin CODE=50

Figure 28. Reference Waveforms, After Environmental Life Test
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Test VIE Circuit Oscilloscope Waveform
Point Description Conditions V/div. us/div. Video Input Volts
2'. Selcct A/c cOo=- 0“ 200 5-0 2-0 0-5 1.0
incidence bus at SELECT A/C-
plate of diode ON
CR~119 or J=-123-1 CODE~55
22, Select A/C killer ON 5.0 5.0
bus, subchassis SELECT A/C~-
123, plates of ON
diodes CR-151 and CODE=55
CR-154
26, Output of Select ON 2.0 5.0
A/C killer cathode SELECT A/C~
follower, pin 8 oM
CODE-55
34=1, Select A/C second ON 2.0 5.0
pul se output at SELECT A/C-
J=123-24 ON
CODE~50
RANGE~ 60
miles
-2, Same as 34-1. ON 2.0 5.0

SELECT A/C~-
oN

CODE=-50
RANGE- 200
miles

Figure 29. Reference Waveforms, After Environmental Life Test



Tast VIE Circult 0scilloscope Waveform

Point Description Conditions V/div. us/div. Video Input Volts
4s, Output of cathode ON 10.0 2.0 0.5
follower, V=117A, IDENT A/C-
pin 3 ON
CODE-50
48-1. Output at piate of ON 20.0 2.0
timing amplifier, 1DENT A/C~
V=120, pin 6 ON
CODE=50
RANGE=- 6
miles
Fid
49. Output of dunking ON 0.0 5.0
pui se generator, IDENT A/C-
V=122, pin | ON
CODE-50
RANGE- O
miles
51. Ident A/C decoded ON 2.0 10.0
output at IDENT A/C-
J=122-24 ON
CODE-50
RANGE-= 200
miles
53. Output of beacon ON 0.5 2.0
cathode follower, ALL A/C-ON
V-110A, pin 3 CODE-50

96

Figure 30. Reference Waveforms, After Environmental Life Test
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Test VIE Circult Oscilloscope Waveform
Point Description Conditions V/div. us/div. Video input Volts
59=1. oOutput of video ON 0.5 2,0 2.0 0.5 1.0
output cathode ALL A/C-ON
fol lower, V=109, CODE-50
pins 3 and 6 or BEACON ONLY
J=122-8
60. Input to grid of ON 2.0 1.0
trigger amplifier, GATE DELAY-
V=125A, pin 2 Minimum
62. Plate output of ON 20,0 2,0
multivibrator, GATE DELAY-
V-125A, pin 6 Minlmum
65-1. Input to grid of ON 2.0 5.0
timing amplifier, GATE DELAY-
V=101, pin | Minimum
RANGE~ 30
miles
65=2, Same as 65-1 ON 2,0 5.0
GATE DELAY-
Minimum
RANGE=- 200
miles

Figure 31. Reference Waveforms, After Environmental Life Test
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Test VIE Circuit 0Oscllloscope Waveform
Point Description Conditions V/div. us/div. Video Input Volts
68. Input to gate ON 10.0 50.0 2.0 0.5 1.0
generator cathode GATE
followser, V=104B, DURATION =
pin 7 Minimum
70=l. Input to plate of ON 1.0
gltlsz diode, GATE
CR-1 DURATION -
Minimum
RANGE- 30
miles
70-2. Samw as 70-1 ON 0.5
GATE
DURATION -
Minimum
RANGE- 200
milas
71=1. Output of gated ON 0.5 5.0
output cathode GATE
follower, V=104A, DURATION
pin 3 Minimm :
RANGE~ 30
miles
12=1. All A/C decoded ON 1.0 5.0
video output at ALL A/C=ON
J=115 CODE=50 . .
RANGE= 10
miles —_— _—

Figure 32, Reference Waveforms, After Environmental Life Test
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Test VIE Circuit 0scllloscope Waveform
Point Description Conditions V/div. wus/div. Video input Volts
72=2. (/S decoded video ON 0.5 5.0 2.0 0.5 1.0
output at J-115 C/5-0N
CODE=50
miles I
72=3. Select A/C decoded ON 0.5 5.0
video output at SELECT A/C~
J=115 ON
CODE-50
RANGE= 10 ]
millas
72=%. ident A/C decoded ON 0.5 5.0
video output at IDENT A/C-ON
J=115 CODE~50
RANGE= 10
miles

Figure 33. Reference Waveforms, After Environmental Life Test




WITH REGULAR SHIELD

667 G&®

\Afall 7e 80
Yio7 105 155
vI25 7Y ;) BO
vI26 &8 a2

wWiTH HEAT DISSIPATING

SHIELD
o K
Vol 75 80
V107 99 116
viz25s 68 65
vi26 68 74

VIZ26 VIiZzs
12ATT 1I2ZATT
72°C 73°
!
V10| vig7
6AHG 5687
viO2 vi0oe
12ZATT 5814 A

O O
VIo4 VI05
12ATT GAHEB
o O

\‘AT 50° C AMBIENT
THIS AREA REAGHES
109° €

Figure 34. Enabling Gate and Line Driver Sub-Chassis, Operating Temperatures
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/ 0 ELECTROMAGNETIC DELAY LINE STUDY

The assignment of 23 October 1958 requeswed lwo tasks to be performed The
requirements of the first task were as toilows

Task Number One* Make a survey to deterinss thz sources, characteristics,
s1ze, and cost of deiay lines best suited to dalay radar video from four to 20
microseconds A request was made that the dzlay line characteristics regarding
deterioration of resolution and signal=-to=-noise ratio be at a minimum Tests of
the most promising type of line having a delav of approximately 20 microszconds
were to be made to determine the following

{(a} Bandwidth

{(b) Attenuation

{(c) Effect on pulse shape and resolutica

(d) Effect on signal~to-noise ratio {pezk signal to average peak noise

ratio of 4 ., 1)

(e) Need for base-line clipping to remcve spurious delay line responses

and consequent effect on signal-to-noise ratio

F1stics, size, and cost of

i

In the survey to determine the source, chirart
delay line best suited to delay radar video trem four to 20 u sec, an electro=
magnetic delay line study was chosen and thz follow.ng steps were taken

1 Some characteristics of the joint-use wilitary radar equipment and
assoclated video pulse information was obcainzd from TDC Washington, D €. In
addition, typical radar video data was obta:ned frem other sources to assist us
in determining the required delay line characsristics

2. Five delay lines of different mansfartire, having delays of {rom four

to 20 u sec, were obtained and certain tests were .t o3 these lines
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3 ising the data obtained from the deiay line tests, and considering
the radar video delay requirements, the optimum delay line characteristics were

formulated. (For typical output pulse waveforms, see Figure 38 )

The following is a summary of data for the steps indicated above.

7.1 Step 1, Characteristics of Radar Video

Radar |1 Radar 2
] Pulse length 2 u sec 6 u sec
2. Bandwidth 1 to 2 MC. 250 KC
3. |lmpedance =50 ohms 2250 ohms
4. Repetition rates 350 to 400 pps 350 to 400 pps
5. Sigral to noise
rat:o L to 1 4 to 1
6. Amplitude 2.5 to 4V 2.5 to by

DELAY LINE SOURCES

ECS Corp.
534 Bergen Blvd.,
Palisades Park, New Jersey

Egsco, Inc.
128 Cummington St ,
Boston 15, Massachusetts

Richard D Brew & Co., Inc.
Airport Rd.,
Concord, New Hampshire

Stewart-Warner Electronics
1300 N. Kosther Ave ,
Chicago 51, Illinois
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7.2 Measurement Technigue:

(2) Measurement of Rise Time, and Ripple, Output and Undershoot Voltages.

i
Pulse Matching Delay . Termination
Generator Resistor Line Resistor
(1) (5) (&) (6)
| |
Oscililoscope Time=Mark
Generator
(3)

(1) H-P 212A

(2} Tektronix 545, Type 53/54C Plug tn, P10 Probe

(3) Tektronix Type 180-52

(%) Delay Line (5) Matching (6) Termination

Resistor Reststor

ESC 1000 ohms 10600 ohms
EPSCO 130 ohms 180 ohms
BREW 130 ohms 180 ohms
SW G=577951 150 chms 200 chms
SW G=577955 120 ohms 168 ohms
SW G=577959 150 ohms 200 ohms

Notes: A. All connecting cables are type RG=58 A/U

B. Pulse Length:

¢ All measurements taken '"'one way !

iu sec
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(b} Measurement of Bandwidth

Standard
Signal
Generator

(M

Matching Delay
Resi1stor Line
(5) (4)

Termination
Resistor

(6)

VTVM
(2)

i —

Oscilloscope

(3)

{1} Measurements Corp. Model 65-B

(2) HP 410B VTVM

(3) Tektronix 535, Type 53/54K Plug-in, P410 Probe

(4) Delay (5} Matching (6) Termination
Line Resistor Resistor
ESC 1000 ohms 1080 ohms
EPSGCO 180 ohms 180 ohms
BREW 180 ohms 180 ohms
SW G=577951 200 ohms 200 ohms
SW G=57795% 168 ohms 168 ohms
SW G=577959 200 ohms 200 ohms

Note: All data taken with a 2V RMS input voltage
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(¢) Physical Characteristics

Pelay Line Dimensions (in.) Weight Number of Taps
Type Length | Width { Height (1bs.) Available

ESC (Back 73/ |81/2 7 1/4 7.75 0~50.1 u sec delay,

(1) (Front) | 7 3/4 [81/2 | 3 1/h adjustable 1n steps
of 0.1 u sec,

EPSCO 8 L 2 2 25 24 u sec delay, 14
taps ava!lable

BREW 8 L 2 20 20.3 u sec delay, 13
vtaps availlable

SW G~577951 | 4 7/16 | 3 3/4 | 3 9/16 2.75 21 u sec delay, 17
taps available

SW G=577955 { & 7/16} 3 3/4 | 3 9/16 3.0 10 u sec delay, 17
taps available

SW G=577959 | 35/8 (4 3/8 |1 7/8 1.6 2k u sec delays, 17
taps avallable

Note, (1) -f . This 15 a laborateory use adjustable

{éelay line.
'-w—’ B —
Back JL rront
e —f |
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7.3 Step 2, Summary of Electrical

Characteristics ~f bDelav Lines

Delay Time Charac= Rise [Ripple j0utput |Under= {Bandwidih Cost
Line Delay | teristic| Time shoot 3 db 6 db per
Type (1) | (5) |lmpedance| (2) {3) {3) {3) u sec (&)
u sec Ohms u sec |percentipercent]percent|{MC. (MC. dollars
ESC 250 L 10G0 0.50 6 96 6 2 90f1 18 3 8¢
20 1000 1.04 6 53 5 0 3710.52
EPSCO L 180 .50 5 94 7 o 70]! 16 L oo
20 180 1.02 5 70 15 0 5710.73
BREW b 180 0.35 5 87 5 11 ]1.56 L an
20 180 1.10 & 55 5 0 L4410.70
SW 4 200 0.22 7 92 i 1.9 12 6 9.00
G=577951 | 20 200 0 38 6 68 1 1.1 1.4
SW 4 200 0 36 10 g4 2 1.3 1.7 4 5o
G=577959 1 20 200 0.52 12 85 2 1.0 11.5
W 4 170 .1 8 78 1 34 t4,7 28.50
G-577355| 10 170 0.15 b 55 2 2.3 130
(6)
Motes: (1} Lines tested were readily ava'iable sampies.
{2) Measured with an i1nput pulse width of & u sec. (Se== 7.% {g).
{3) Values represert a percertage of inpuz pulse amp!:tude.
(4) Based on the cost for 20 u sec. lire.
{5) Time Dzlay Range:
Nominal Actual Range
L u sec, 4,36 u sec. - 8%
10 u sec. 9.96 u sec. 3%
20 u cec. 20 92 u sec 4%
{6) Oniy a 10 u sec. long line was available.
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7-4 Step 3, Optimum Characteristics for Radar Vides Delav Lines

Type: Distributed Constart Delay Line

Distributed constant delay lines are not suitable for this application dus
to their low bandwidth characteristic. |In addition, a high percentage of ripple
and distortion is usually present in such delay lines, rendering them less satis-
factory 1n maintaining a good signal~to=ncise retic. Therefcecre, 1n this study

only lumped constant delay lines were tested.

Type. Lumped Constart Delay Line

A

A lumped constant delay line can be designed to have low ripple, high sta~
bility, during temperature variations, high frequency response or fideiity,
reasonable s1ze, and attenuation. Furthermore, 1% is readily tapped, znd can be

manufactured with considerable uniformity in succassive units,

A summary of optimum character:stics for radar video delay lines 15 as
follows:

(a) Characteristic Impedance:

Just as a transmission line has a ckaracteristic 1mpsdance dsterminad

Ly 1ts distributed inductance and capac.tarcs, so¢ the delay liqg has its charac-
teristic impedance. Also, the characteristic impadance of the delay line 15 de-
tztminad by 1nductance and capacitance quantities, excapt that these may now be
“iomps'' of capacity and inductarce properly rslates. Since the characteristic
iinpedances are deterwined by essentially pure reactances, the propst ternaration
of 2ie delay line at both Input and putput ends wust be pure reststance and have

the magnitude of the characteristic i1mpedance of the delay lins.

Ar impedance range from 50 to 1820 ohrs will provide the bes: de'ay lins
sharvatterist.cs for this application. The fidelity a~d physically smsll size of

calay 1ines above this range 1s mere difficult to obtain. The use of electrical
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networks, both passive and active. allows i1 pedance maizhirg methods to be used
with a particular line. A low impedance ltn: reguires more carsful mal<hing and
formation, but the loading on the taps can be of ~oasiderably lower impedancs be-
fore losses In amplitude are incurred. A high i1mpedaise line offers rore latr-
tude 'n matching and termination, but the taps can not be loaded with low

smpedarces or considerable losses 1n ampletuds would ozour in saczessi.e taps

(b) Bandwidth and Rise Time:

Rise time is usually measured 1n micrase-onds, which s the tins ree
quired for a pulse or signal 1ncrease, in ampli.ude, bes.ween 1ts 10% ard 1ts 9374
amplitude points. Rise time 1s customarily jiven for the pulse which appaars &t
the end of a delay line, however it can be determined for any pulse along the

delay line or the input pulse into the dalay {17e.

The test data shows the effect or a pulse of delay lines with different
bandwidths. The relation between bandwyidth and rise tiwe iz Bandwidth X Rrse

Time = 0 35 to O 45, 0.35 1s the valus to use for overshoots of 5% or less.

Although a bandwidth of 2 MC would be desirable in the radar video
ling, the cost of such a line 15 nearly dovble that of a 1 MC lire  PFowegvse, T
rise time requirements dictate @ 2 MC or betizr ka~didzl et 20 u ssc., suh

1iues could be designad

Increasing the delay from &4 to 29 ¢ s3.., or five fold, r2ans a da-

c=3aze in bandwidth from 43 to 80% of the & & sez. value. This de:rzass {3

o

farctton of the quality of the delay line se tiors, with becter quality delay

Tires furnishirg the smaller decrease tn baadwidib

The time dalay is usaally wmeasursd 7 microsacssds belwgen The 59%

amciityde points of the input and output pd.se.
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{c) Ripple:

If, 1n the construction of a delay line, the characteristic impedance
from section to section, or lump to lump of the delay line is allowed to vary,
the points at which these variations occur are known as discontinuities. As a
puise travels down a delay line having these variations, abrupt changes in energy
levels must occur 1n amplitude, which show up as ripple. Loose tolerances, on
either or both the capacity or inductance of the elements, often produce high
levels of ripple. Shorted turns 1n the inductors, shorts to ground, and wrong

value capacities, are also productive of high ripple peaks.

Ripple should be kept to 10% or less of the input puise. This means
that with 6 db. attenuation of the delay line, a signal-to~noise ratio of five

to one can be approached.

Since a delay line does contribute some noise to an incoming signal, 1t
is advisable to clip any existing noise in the signal input, and 1f necessary,
amplify the result before i1t 1s used to drive the delay line. Post delay
ciipping may also be employed 1f desirable. However, pre-~delay clipping and

amplification should provide the best results.

The ripple 1nherent 1n the delay line may add to, or subtract from, the
noise of the incoming signal 1n a complex fashion. This may result in a somewhat
greater overall distortion of the signal. Since noise 1s a random phenomenon,
the combination of incoming noise with the ripple, may result in severe noise
peaks or may even provide cancellation. To minimize the effects, pre-delay noise

clipping 15 highly recommended.

{d) Attenuation:

As a pulse or signal progresses down a delay l1ne, some of Its energy

is lost or dissipated due to resistance encountered, plus losses within the
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materials with which the delay line i1s butlt. When energy 1s lost 1n this
manner, the pulse amplitude decreases, as the pulse progresses along the delay
line. This loss of amplitude 1s the attenuation of the delay line and is ex-

pressed 1n db with the input pulse being used as a reference.

Attenuation in the delay line should be kept below 6 db. This s
necessary, $o that with the prescribed amount of ripple, the signal-to~noise
ratio can be held to nearly 5 to i If pre=delay clipping and amplification is
uttlized, the actual amplitude of the signal from the delay line can be consider=

ably higher than the original video signal as received.

(e) Stability:

This important delay line characteristic is, 1ts ability to withstand
change, even though subjected to considerable variations i1n temperature. The
stability of a delay ltne 1s often given as the change 1n the delay time for
finite conditions of temperature and time; for example: 0.00005 parts per micro-

second, per degree centigrade, between ~55°C and +85°C.

The temperature stability required of a delay line depends a great deal
on the tapping tolerance and ambient operating temperature. Tapping tolerances
enter into the picture since the tolerance must be maintained under operating
conditions. The more tightly the tolerance on time delay is held, the greater
the temperature stability must be. Typical stability of a delay line 1s, 0.0005
U sec., per ¢ sec., per degree centigrade. Better stabilities than this can be

maintained with high quality lines.

(f) Distortion.

Distortion 1s a term appiied to the pulse shape. it is usually com=

posed of two types of special distortion as follows:

{1} Phase distortion which occurs because high frequencies and low
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frequencies do not travel along a delay line at the same rate of speed. There-
fore, the low-frequency components of a pulse are not at the proper place along
the delay line 1n combination with the high-frequency components, and whay may
have started out as a rectangular puise, now has distorted leading and trailing
edges. Proper design can eliminate or minimize phase distortion to reasonabie

levals.

{(2) Attenuation distortion which occurs because high frequencies and

low frequencies do not recejve equal attenuation as they progress along the del

ay

line. Therefore, the low-frequency components of a pulse and the high~frequency

components, when combined, show a pulse which no longer is rectangular, even

though it started out that way. Attenuation distortion usualily shows up on the

leading and trailing edges of the pulse, which is indicated as the rounded off
corners at the top and bottom of what was once a sharp step function. Attepu-

ation distortion 1s an mportant reason for poor rise time characteristics.

(g9) Pulse Length:

The operation of any delay line 1s dependent on whether the pulse
length at which the delay line is measured, 1s sufficiently great to produce a
full output pulse. Usually a pulse iength of at least twice the rise time is
required for this. A pulse length three or four times as long would be de=

sirable.

{h) Tolerances:

The delay line, time delay tolerances, must be specified. Present da
high quality delay lines maintain tolerances of *0.05 u sec., depending upon th
total time delay. Tolerances tighter than this will increase the cost of the

delay lines.

Y

e
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8 0 SCAN CONVERSION DISPLAY DECODER GATING STUDY

Task number twc In the assignment of 23 October 1958 requested a written
study be made to determine if it was practical to use a co-ordinate conversion
system to obtain the active beacon decoder gating function when scan conversion
display systems were used For this study, 't was assumed that the position of
the gate would be indicated on the television type displays and that the gate
would not be written on the storage tube target. Also, it was assumed that the
horizontal and vertical linearity of the television display 1s one percent. The

object;ve of the study was to determine the following:

(a) Approximate number of tubes required and number of critical circuits
which may require frequent adjustment.

(b) Minimum size of gate required, as displayed on a 22-~inch television
monitor, to i1nsure gating of beacon replies, which are associated with the
selected target, into the beacon decoder.

(c) Other approaches to the problem which would be less complex, or have a

greater accuracy, stability, ete,

A system to coordinate Active Readout Gating from a scan conversion display
was under study. |[n this system, a joy stick pos:itions a spot on a target on the
TV presentation, and the spot appears on each frame. As the radar sweep ap-
proaches the target, the system wil] gate the deccder for an adjustable length of
time The following 1s a description of the twe sweep presentations, and how the

system coordinates them to read the desired target.

8.1 Radar PPl Display

,Qr any given repetition rate, the sweep speed of the radar display will be
determined by the range setting. The time lapse between the emission of a pulse

from the transmitter and the receipt of the corresponding echo 1s 12 366 u sec

6



for a distance of one nauticali mile {6,080 yards). The maximum pulse rate fre-

quency Is governed by the range desired

For pulses and echoes not to overlap on the 200 mile range, (maximum that
was to be used), the spacing between pulses would have to be greater than 200 X
12.366 = 2470 u sec. Allowing for re-trace and recovery time, this would indi-
cate a maximum PRF of about 400. This would give 2500 u sec. for a complete
sweep cycle The pulse length of the sweep for the 200 mile range is 2470 u sec.
In the same manner, the sweep length for the shortest range of six miles would be
6 X 12.366 = 74.2 u sec. About 1l u sec are needed for re-trace time, and the
time between pulses (to @ mimimum of |11 u sec.) would be determined by the PRF

setting.

There are two common methods of ocbtaining a radial presentation of the radar
sweep on a PPl display. The first 1s to rotate the deflection yoke in synchro-
nism with the radar antenna. It 1s this method that 1s used 1n the INTEC MODEL
T1-440 scan converter equipment. As the yoke is rotated, the sweep 15 rotated,
and a radial presentation 1s obtained. The second method uses stationary x and y
ax)s deflection plates or coils, with the amplitude of the sweep varied as a sine

and cosine function {see Fiqure 39).

With these deflection voltages, a circular sweep can be obtained from
stationary deflection coils. In Figure 39 the time duration of the sweep voltage
with respect to antenna rpm has been exaggerated. The sine wave frequency corre-

sponds to the speed of antenna rotation, and may be from 5 to 30 rpm.

The latter type of sweep voltages must be made available for the proposed
active readout system. As there are several methods, both electrical and me-
chanical!l, of obtaining the sine and cosine sweaps, Stewart-Warner will invest:i-

gate which type will be most suitable to install In existing FRA equipment.
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8 2 Scan TV Display

{n the scan conversion or TY type presentation, the horizontal and vertical
sweep speeds remain constant regardiess of range setting In the system under
consideration, 30 frames per second are presented, each made up of 625 Iines.

The horizontal repetition rate 1s then 18,750 sweeps per second. A compleie

horizontal scanning cycle will then occur in I81750 seconds, or 53.4 u sec. Of

this time, approximately Il u sec. is needed for the retrace

At the same time there are only 60 vertical sweeps per second. About 20 X
53 4 = 1068 u sec. are needed for each vertical retrace, and the vertical scan-

ning cycle will be E% ¥ 16.66 m sec.

The different sweep times to be enpcountered then are as follows:

TV RADAR
HORIZ. VERT. RANGE MAX RANGE MIN. PRF MAX
42,4 y sec. 16.7 m sec. 2470 u sec. 7.2 u sec 11K to 400

The maximum PRF for the six mile range will be limted by the duty cycle of
the transmitter A nominal PRF would be 1200, which 1s the repetition rate used

at the Midway tower site.

The Active Readout Gating from the scan conversion display will have toc
translate between the two sweep systems. This may be accomplished 1n the foliow-

I1ng manner (see Figure 40},
A Joy stick will control four reference voltages, Vpy, Vpy, KiVpy, and KoVpy
in the x=y plane. One pair, Vpy and Vpy will be used te reference four muitiars

Into which are fed the TV sweep voltages The remaining pair, K|Vgy and Ky¥py,

are used to reference the foqr multiars 1nto which are fed the sine and cosina
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modulated radar sweep voltages The multiars provide start and stop pulses at
some voltage lavels during each sweep. The center level is determined by a volt~

age differential around the reference voltages {see 1l1lustration below).
v

X V'x
Neg *._7(/_\___ v

Volts ":-"'\(“ x
\\__a/*’r: Vik -

~-4

Start  Stop

Consider the X (horizontal) sweep of the TV system A negative output pulse
will result from & multiar as levels V' and V) are reached by the sweep These
pulses are put through an '"OR" type circuit and then used to turn a bistable

multivibrator on and off. This will happen each time the proper X coordinate {or

sweep level) |s reached An identical setup is used for the Y (vertical) sweep of

the TV. Wwhen the two bistable multis are turned on at the same time, an ''AND'
circuit provides an output pulse to brighten the trace and spot the target |In
this manner, the target wlll be spotted on each frame of the TV presentation
The size of the spot (time duration) is governed by a setting of Vyand VY

A similar system using the reference voltages from the joystick K]annd
Ko¥y 15 applied to the radar sweep Assuming that the deflection characteristics
of the Radar and TV kinescopes are linear, and K| and Ky are constants, an output
gate will result from the radar PPl portion coincident circuits at the proper
time. This gate occurs as the radar trace crosses the spotted target and Is used
to open the decoder It should be noted that even though the radar sweeps are
sitnusoldally modulated, the circuit behavior 15 identical with that of the con-

stant unmodulated TV sweep.
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A suitable multiar and some associated circuitry has been constructed and
some preliminary tests were made. The circuit design will accept sweep durations

as short as 10 u sec., and provitdes an output pulse of 0.4 u sec. rise time and

1 u sec. duration.

8.3 Description, Problems, and Characteristics of Proposed System

The following paragraphs contain a description, and characteristics of the
proposed system. Also, the problems likely to be encountered shouid further de-

sign work be desired.

A basic multiar circuit was completed, and 1n1tial tests on i1t were per-
formed. The tests and design work led to the circuit configuration shown 1n Fig-
ure 41, This circuit could serve as the basic module for the block diagram in
Figure 40, since 1t i5 repeated six times. Minor changes In circuit values would

make this circuit suitable for each sweep application.

Some indication of the complexity of the circuit and number of components
can be realized by multiplying each component of the basic multiar module {Figure
41 ) by six. Considering this and the remaining circuits, the following estimate

of necessary tubes and dicdes can be made:

NO, TYPE WHERE USED
6 12A77 Cathode follower i1n module
12 6AUG Multiar
6 6ALS Multiar
16 2c51 Bistable Gate and Mult)
86 Dicdes QR!, UAND'', Bistable Multi,
Module

These are considered minimum figures, and do not include the Power Supply, Joy

$tick, Gate Size Control, and Comparator components.
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8.3.1 Multiple Displays

Each TV display would have 1ts own joy stick (spot position control) which
was compensated for, non-linearities of that set. A spot positioned over a par=
ticular target by one TV set and its associated joy stick may not appear exactly
over the plane on another set. This is caused by the non-linearities in each

set, which are compensated for, by 1ts particular joy stick.

It would be desirable to have the spot appear only on the set whose joy
stick is i1nterrogating at that time. The other jJoy sticks would be disabled,

with a panel lamp 11t to signify that the active readout was 1n use

With this arrangement any non-linearities of the scan display umits could
be adequately compensated. There was no study effort directed at a time shared
system, where more than one jJoy stick could be used at the same time. However, 1t
was generally felt that such a system could be possibie, should 1t be found neces-

sary to operate more than one readout position simultaneously.

8.3.2 Gating Accuracy

There were three factors which would effect the accuracy of the gating
with this system. These were, thermal stabiiity, rise time and width, and jJitter

of the output pulse from the multiar and associated circuitry.

Time did not permit thermal stability tests to be performed con the bread-
board circuitry. [t was noted that the greatest amount cf thermal drift arose
from the thermionic diode 1n the muitiar. By using dual diodes in the same enve-
lope for two different multiars, the associated muitiars could be made to drift
together. For example, esach multiar of the TV sweep system would be made to
drift with the multiars of the radar sweep system. For the system pictured in

Figure 40, a dual diode would be located with each multiar of the radar portion.
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The unused half of each positive and negative multiar set would be paralieled,
and used as the diode for i1ts corresponding multiar 1n the TV portion. Even
though there might be thermal drift 1n the circuitry, a one=-to-one correspondence
could sti1] be maintained between the TV and radar portions of the Active Readout
Gating System By keeping thermal drift at a minimum, the TV and radar system
would be kept still closer 1n their correspondence. This might be accomplished

by careful regulation of ali filament and d=-c power supplies.

The amount of Jitter, that a muitiar would present, 15 a functicn of the
slope of the sweep i1nput voltage. Measurements were made on a multiar breadboard

using the circuit of Figure 41, and resulted 1n the following representative data

of Table VIJI
Table VI Multiar Output Pulse
Sweep Input Multiar Qutput
Length | Amp. Slope Amp. Jitter | Millivolts of Rise time
o sec. Volts | Volts/u sec. Volts | u sec. Sweep per Jitter u sec.
40 33 0.83 3.8 0.03 25 0.6
1200 40 0.033 38 1 33 0.6
2500 27 0.018 3.6 3 54 0.7
10,000 24 0.0024 3.4 20 43 0.8
17,000 22 0 003 35 80 168 09

The millivolts per Jitter column represents the voltage differential for a

particular sweep slope around which the multiar 1s unstable and jitter occurs.

The longest sweep to be encountered in this equipment would be the 17
mi!lisecond vertical sweep of the TV presentation. From rise time and Jitter
considerations, 1f we chose a minmimum allowable sweep slope to be 0.03 volts per

microsecond, then the amplitude of the vertical sweep voltage as applied to thes
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multiar should be at least 500 volts This magnitude of sweep voltage 1s readily
available in the vertical sweep circuitry of the scan converter displays. This
would provide an output pulse from the multiar with a rise time of 0.6 u sec. and
a jitter of 1 0 u sec., which is a jitter of less than 0.006 percent of the sweep
length. Actually, this condition would not be realized as there would be some

Jitter 1n the sweep system.

The shortest sweep time of 42 microseconds, was the horizontal sweep in
the TV presentation. If the allowable jitter determines the sweep slope, a hori-
zontal sweep voltage of 80 volts amplitude would give a slope of 1.9 volts/u sec.
This would suffice to keep the jitter to less than 0.03 u sec , or less than 0.07

percent of the sweep length.

A more important problem at this short sweep duration was the rise time
and width of the output puise from the multiar. The multiar constructed was
found to have for Its cutput pulse, a rise time of 0.6 u sec. and a pulse width
of 0 8 u sec. This would indicate that the mirimum time, between on and off

pulses from the horizontal TV sweep (XTy sweep), would be at least 0.8 u sec. for

this circuit design. This amounts to 1.9 percent of the horizontal sweep. In
considering a 21" viewer (15 inches high by 17 inches wide), the radar pre-
sentation on the TV screen would have a maximum radius of 7-1/2 inches. The
minimum horizontal size (width) of the spot would be Q019 X 17 & 0.323 inches for

this si1ze screen. This amounts to Q;ﬁéi X 100 = 4,3% of the radar radius. This

spot would remain the same size, regardless of range setting for the radar On
the longer ranges, the spot may prove too large, in width, to position over an
tndividual plane in a clese group. For example, on the 200 mile range, 0.323
inches represents 8.6 miles. The spot height may be made as small as desired,

due to the longer vertical sweep time of 17 u sec.

123



Another source of gating error may be the Bistable Mult:i preceeding the
YAND'' circuits No development work was performed on a high speed bistable
multi. With proper design, the introduced rise time could be kept to 0 2 u sec
giving the gate a total rise time of 0 8 u sec Some gate widening may also re-
sult from the Bistable Multi,

The radar sweep voltage timing, ranges from 74 u sec for the shortest
range of six miles, to 2470 u sec for the longest range of 200 miles A dif-
ferent problem arose with the radar sweep, as the sweep voltage slope was con-
tinucusly changing

The PPl presentation X and Y deflection voltages are represented in Fig=~
ure 39, as they would have to be furnished for the o eration of this active read-
out system The sine wave freguency corresponds to the speed of antenna rotation,
and may be from 5 to 30 rpm. The sweep duration is shown here much longer than

actual, with respect to antenna rpm.

The sweep voltage slope, since it is sine and cosine modulated, would then
vary from some maximum down to zero This would occur to both the X and Y axis,
sweep voltages Regardless of the sweep slope at maximum amplitude, this slope
would decrease to zero 90° later. This decrease in slope may result in some gate
Jrtter in radial direction when reference voltages are set near the axis This
would correspond to placing the spot i1n the direction near due North, South, East
and West A radial jitter will oceur, since only one sweep 1s at minimum, while

the other is at maximum (see Figure 4.

For the longest sweep (the extreme case) of 2,470 u sec occurring on the
200 mile range, an average resolution might be 1 percent, or two miles This
would correspond to 25 u sec as a desirable size for the gate This 1s long

erough to accept the pulse train., A pulse jitter of one tenth this amount or
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less would be necessary for accurate gating From Table Vit this would indicate a
minimum sweep slope of 0.02 volts/u sec If 500 volts were chosen as a maximum
amplitude of sweep voltage for a sweep time of 2,470 u sec , then there would be

excessive radial jitter i1n the regions where the amplitude fell to less than 0.02

X 2,470 = 49.4 volts, This would occur when sine 6 or Cos 0 = ﬁgag The region

then where gate jitter occurred was +5.7° around each axis for the 200 mile range

Although the sweep duration decreases proportionally with decreasing range,
tt 5 necessary to maintain a gate size of 25 u sec , In order to admit the com-
plete pulse train to the decoder The pulse train length remains constant at 20.3
u sec plus, at intervals, a caboose pulse spaced 4 35 u sec from the bracket

pulse,

For the 100 mile range, the same minimum sweep slope of 0.02 volts/u sec
would be desired. The sweep time is 1,235 u sec , and the minimum sweep ampli-
tude for less than 2 5 u sec jitter is 0.02 X 1,235 = 24.7 volts. Jitter is ex=
cessive for the 100 mile range in the regions where sine 8 and Cos © é Z%ﬁ% , which

is 2 8% about each axis. Table |X tabulates the jitter regions for various ranges

Table IX. Jitter Regions For Various Mile Ranges

Range Sweep Min. Amp. A min Jitter 6° Percent
Miles Ts 0,02 X Ts 500 Region Viewing
u sec Volts Area
6 7h.2 1.48 0 003 o 017 0 038
10 123 7 2.47 0.005 0.025 0 055
20 247.0 L.oh 0 Ot 0.57 1.27
30 371.0 7 L2 0.015 0.86 19
60 742.0 14 8 0.03 172 3 82
100 1,235.0 24,7 0.0493 2.83 6.28
200 2,470 0 49 L 0.0988 5.67 12.6




A plot of Ehese regions for the 200 and 100 mile ranges is represented in
Figure 42 As the sweep time was shor;ened for shorter ranges, the jitter region
becomes smaller, since the maximum amplitude is constant Active readout is still
maintained In these regions, but the area of interrogation is expanded by the

amount of jitter It may be necessary to widen the gate to approximately 30 u sec,,

to insure that the entire train is admitted to the decoder in these regions.

Since this was 1n effect an analog system, there would always be some er-
ror between the position of the spot on the TV presentation, and the actual area of
tnterrogation i1n the radar system The gate size may have to be expanded to com=
pensate for this tolerance By feeding the decoder gate back into the Radar Video,
{push to test calibration on Figure4p), the operitor can have a quick check on the
system This 1s done by noting whether the spot (gaté) as 1t appears on the Radar
‘‘precture'! once each sweep, falls directly over the spot controlled by the joy stick
Any slight dri%t may be compensated by an operator's ''touch up'' control two or three

times per day

8 4 Explanation Of System (Figure 40)

The joy stick provides four d-c voltages, Ve YRy KVgy» and KVpy,which are
used as reference voltages for the multiars These voltage magnitudes vary in di-
rect proportion to the X and Y position of the joy stick control K 15 some con-
stant depending upon the deflection voltage relationship between the TV viewer and

the writing (Radar} portion of the Scan Conversion System. The control of VRX and

Vgy may be compensated for non-linearities 1n the particular TV viewer deflection

characteristics

The reference voltages from the joy stick are fed to the /\V Gate Size Con=

trol Supply This supply provides an adjustable incremental plus and minus
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voltage, for each reference voltage, thus estabilishing a total of eight reference
voltages. The size of the spot on the TV viewer 1s controlled by varying the
voltage increments of Vgy and Vgy This 1n turn will vary the voitages to the
Radar portion, and also Increase the gate size. For different Radar ranges, the

voltage differential of KV'Y and KV“Y. KV'y and KV'', must be changed to maintain

the same gate duration regardless of sweep time. This gate time 1s changed only
with manual adjustment of the operator's gate size control, and must be main-

tained to at least 25 u sec.

From the /\ V supply, the reference voitages are applied to twelve multiars;
four in the TV portion, and eight in the Radar portion. The following expla=
nation 1s given for the TV portion of the system. The basic multiar module con-
tains a start multiar, a stop multiar, and two bistable gates. For a negative
going sweep voltage (this s preferred, since the multiar 1s better suited to

negative going sweeps), V' 15 slightly more positive by FAN Vy volts than Vi,
and the multiar referenced by V'y will be fired first Thegﬁultiar referenced by
V' fires /\ V voits later on the sweep slope, corresponding to some time, T,
later. The negative pulse, from the multiar referenced by Vig, Is used to turn a

bistable mult: to an "ON" position, after proceeding through a bistable gate.
The function of the gate, here and elsewhere in the system, 1s to permit only one
pulse from the multiar, for each sweep, to appear at the bistable multi, and In

this case 1t 1s the first pulse The gate 15 opened by the X7y sync, and closed

by the first pulse allowed to pass through. In this manner, the bistable mult)
will be turned "ON' only once during each sweep,
In the same manner, the muitiar referenced by V', produces a negative pulse,

Ty, u sec. later, to turn the bistable mult: back to an "OFF" position. The X1y

sync 15 used to insure that the bistable multi starts each sweep from an "OFF!
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position.

Consequently, the bistable mult: in the X sweep portion has produced a pulse

that 1s Tx u sec. wide, and positioned in time with respect to the Xyy sweep at a

point determined by the setting of the joy stick ir the X plane, and the result-

v
ing value of Vpy. Since V'y = Vpy + -é%Lﬁx. anu V''y = Vpy - E%EE » Tg has been

fixed by the value of /\ Vy .

in the same manner, the multiars,referenced by ¥' and V“Y and fed the YTV

Y
(vertical) sweep, will produce a gate of length Ty u sec., and positioned in time
with respect to the start of Yy sweep by the setting of the joy stick control In
the Y plane. When coincitdence of the two bistable mult: outputs occur, the PANDY
circutt wili provide an output the length of the coincidence. This will occur
some N times in one vertical sweep, while N of the horizontal sweeps in a raster,
will provide coincidence only once. The number N, or height, will be determined
by the Zﬁ.“y setting. The /\ V) setting will determine the width. The coinci=
dence output from the "AND" circuit 15 superimposed or the TV video to produce a
box and thus locate the position of the decoder gate. The box wil] appear on

each frame of the TV picture.
There are four remaining reference voltages, Kv'y, KV“y. Kv!, and KV",.

These are used to reference the eight multiars used 1n the Radar portion of the
system. Although the design of the Radar portion Is more complex, the theory of

cperation is the same as the TV portion.

In order to present a circular PP} display for the Radar portion using an X
znd Y deflection system, sinuscidally modulated sweep voltages, such as shown in
Figure 39 are needed. These voltages are obtained from the single radial radar
sweep either by electronic or mechanical means, coupled to the rotation of the

radar antenna Since each sweep voltage contains both positive and negative
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slope sweep voltages, in 360 degrees of antenna rotaticn, two multiars are needed

for each reference vcltage.

In the first 180 degrees of the X deflection waltage, the radar sweeps have a

positive slope. Consider then the multiars referenced by KV . |[f the reference

voltage magnitude 1s such that 1t falls withip the magnitude of some of the
sweeps in thi1s first 180 degrees, this would correspond to a gate pesitioned in

the right half of the screen. As each sweep reaches the reference voltage KV,

the Positive Ramp Muitiar will provide a negative pulse. Following this first
pulse, the multiar will free run since it 15 fed a posttive slope swesp voltage.
The brstable gate passes only the first pulse, and then disables the multiar
unrt1] the beginring of the next sweep The Positive Ramp Multiar referenced by
Ky', follows with 1ts pulse K /\ ¥, volts later on the X deflection voitage. The
itwo pulses pass through an "OR" circust, and prowvide "ON-QFF' triggers for the
bistable multi. The reset feature insures that the mult: always will start each

sweep from an "OFF'' position.

With the reference voltages unchanged, considear the action of the Negative
Ramp Multiars referenced by K¥'y and K¥'y. Sinze the reference voltage 15 of-
fectively above the nzgative ramp bassline, the msltiars would be freas-runming
The Bistable Gate prevents this action by not turning “ON, 1t is held in an

"OFF' position by the Comparator, a circuit heretofere unmentiored,

The Comparater recetves the reference voltages K¥py and K¥py from the joy

stick. The Comparator functiorns 1n such a manner thst whenever a reference volt-
age approaches very nearly the baseline of the sinuseidal envelope, ¢r changes
sign completaly, the multiars, that as a resclt would free run constantly, are

geted "OFF'. The Comparator output voltages are applied through YOR" ts the

Bistable Gates, keeping them "OFF" unt:! the reference veltage 15 changed to a
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point where the multiars are again needed. The actron of the Comparator then
disables the Negative Rawp Multiars during the entire zycle of the sweep coltage
when a positive or zero reference voltage wtth respect to the baseline, is
present. Conversely, it will disable the Positive Ramp rultiars during the en-
tire cycle of the sweep voltage when a negative or zero reference voltage 13
present. HNo study effort was directed toward the Comparater, but 1t sheuld be
roted that tf may be coupled to the joy stick eithar elecrrically, thra Kdpx and
K¥gy, or mecharically. The mechanical version would employ a precision switch

ganged to the Jjoy stick directly,

Referring tc the multiars referenced hy K¥'y and K¥",, and their magnituds

falling within the magnitude of some of the sweeps in the last 180 degrees, the

action of the circuits 1s as follows:

Since the sweeps in the last 180 degrees are negative going, and KV'y 1s
more posttive than KV',, the KV'y, multiar fires first, utilizing the Negative
Ramp Multiars As before, the two pulses from the multiars provide ""ON=DFFY
triggers for the Bistable Multi. This time thz Comperator gates "OFFY ths

Pogitive Ramp Multizrs,

The action of the remaining multiars refsrencasd by KV', and K”“y 15 exastly

¥
the same. in this case of the radar sweep system, the sweep times are e.2n
tdentical for the X and ¥ defleztion The joy s%i.k acain provides a referanse
voltage K¥py correspending to some position irn the ¥ direction, and a bistakle
raltr 1s turned YON'' and “OFF" at the related time. As dsscribed in thes TV ex-
planatiuvn, when coincidence ocsurs, an outplt results from thes VANDY cfreult
This output 1s connscted to the decoder gate, ard cccurs Just as the radars SWEEP

reaches the spotted target., Active readout 15 initiated, and the targzt in

guestion 1s 1denti1fied.
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The feedback loop through the Push To Test switch serves as a visual check
to the operator, that the gate 1s occurring where the spot shows it should be

located.

This concludes the study of the Scan Conversion Display Decoder Gating.
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9.0 SETRIN CIRCUIT FOR SIDE LOBE SUPPRESSION

Side-lobe effects in short range radar beacon work nave hindered progress in
this field for many years. {n the work being conducted under the ATC Common
Safety Beacon program, a system of side-lobe suppression which 1s both practical
and reliable is in high demand. One system which has been presented 15 that of
Mr. M, Setrin of the Rome Air Development Center. This system involved the ad-
dition of a special suppression circuit to the transponder. A portion of the
modification work comducted by Stewart-Warner under this contract involved the
installation of this circuit 1n twenty ANDB Type (!l transponders. in effect
this circuit 15 a sensing element which epabled the transponder to determine
whether or not the Information it is receiving at any instant 1s main beam or
side~lobe information. This was accomplished by adding a third pulse to the ex-
isting MARK X interrogation code. This pulse is transmitted over a separate an=-
tenna pattern, providing a variation of relative signal strength between the

interrogation and reference signals received by the aircraft.

In order to provide a measure of effectiveness of the modification a series
of tests were devised and were carried out under this contract, These tests in=
volved the determination of the reply and no reply points when the relative
amplitudes of the interrogation pulses and reference pulses are varied Curves
were taken for several pulse spacing and delay line tap combinations. Tha data
obtained from such tests should prove useful i1n predicting system performance as

well as providing a basis for future system specifications.

9.1 Description of Tests

Rather than the usual laboratory pulse generators, the tests wera performed
with two transm:tter units (AN/UPX=6), to provide the Mark X and Reference

pulses. This method provided pulses which lack the sharp rise and decay times of
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laboratory instrument pulses Also these units were easily modified to operate
from a single RF oscillator This insured exact tuning and representative be-

havior of the beacons.

A block diagram of the test setup appears in Figure 43 Both transmitters
were fed from the same crystal oscillator and were triggered according te the
coded pulse spacings for proper suppression. The r=f output pulses which could
be varied in width were attenuated some 50 to 60 db before being fed to a cali-
brated variable attenuator. The signals were fed to the beacon through a match-
ing "tee''. The transponder under test was prevented from replying by removing
the modulator driver type. Indications of a reply were chtained by counting the

pulses that appeared at the grid of this tube.

The test procedure may be summarized by the following steps:

(1) Tune the transponder to the frequency of the transmitter.

(2) Set up and adjust the spacing and width of the pulses.

{3) Determine beacon sensitivity with a calibrated Hazeltine test rack.

(4) Determine a correction factor for each of the wariable attenuators.

(5} Set the attemuation of the IR signal near threshold and vary the at-
tenuation of the reference signal until! the transponder fails to
reply. Record the upper and lower limiis of reply (full reply and ne
reply).

{6) Repeat step (5) for IR signal values up to 25 db below ! volt.

(7) sSet and adjust new pulse spacings and delay line tap.

(8) Repeat steps {5) and (6) for this new setting, etc

The concluding curves from the tests on six of the beacons are shown In
Figs L4, 45, andhp . The results of these tests indicate that less reference

pulse power was required at the beacon to cause suppression to take place. Over
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the major portion of the side lobe range, suppression took place with 10 to 12 db

less power 1n the reference signal than in the intervogation signai.

9 2 Progress and Shipment of Modified ANDB Type |It Transponders

One modified ANDB Type {!l transponder was delivered to TDC irn May and nine
in June, 1958, At this time, six more units were 1n the process of being modi-
fied, with a tentative delivery schedule of four in July, 1958 and two after the

two week plant vacation period.

The remaintng four out of the twenty unjts to be modified were not received
at the plant. Three units were located at TDC and one at AMB. These units were
received in the month of July, 1958, making a total of ten units on hand to be

modi fied

A letter was received from TDC 1n the third week of July 1958, stating that
a decision was made to postpone modifications to five of the ten unmits on hand
with a final decision to be made within ten days. The remaining five units were
to be modified and shipped to TDC as soon as possible. This shipment was made

during the first week of August 1958.

After a final decision was made to modify the five units in question, a
firal sh:pment was made in the last week of August 1958, to complete this portion

of the contract.
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10.0 ENGINEERING ASSISTANCE

A Tield enginger was assigned to provide engineering assistance to the FAA
installation and maintenance groups at Midway and O'Hare Field, foilowing a
visit to these sites during the first portion of September 1958. After con -
tacting the installation group, Stewart=-Warner obtained six decoders and power
supplies from Midway and three decoders and power supplies from the OfHare site
The field engineer was engaged 1n aligning the units so that they would be ready
for operation when installed at the sites. Also, the field engineer was
acquarnting himself with the other untts of the beacon system in order to pro-
vide engineering assistance at each site during the installation period Since
test coders were not available at the sites, the alignment work was performed
in Stewart-Warner's laboratories, using classified test coders. This precluded
any extensive field tests until the required test coders became avaiiable In
the meantime, Stewart=-Warner conducted as much inspection, test, and aljgnment of
incoming beacon equipment in the laboratories as was practicable, so that a
minimum of field adjustments would be required at the sites.

Stewart~Warner made three minor modifications, which did not include gate
circuit modification, to the decoders and power supplies during the test and
alignment of the units since they could be done easily at this time Stewart-
Warner recorded and tabulated the difficulties encountered in working with the

units so as to provide @ guide for the installation and maintenance aroups

10.1 Engineering Assistance Progress For The Period of Octcber 1 to October

31, 1958

The Stewart-Warner engineer made conmtacts with the Midway and O'Hare

Field FAA personnel regarding the beacon equipment installation. As the

decoders and power supplies were checked out and aligned, they were delivered

to the respective sites for installation in the rack mounts fn this
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manner, Stewart-Warner was able to keep abreast of developments at gach site and

keep the field personnel informed as to equipment operation.

Several of the decoders were checked and aligned. A difficulty which had
shown up in all units was the alignment of the Select Code. The units would not
quite fall within the proportionality requirements for all codes selected with=
out allowing a small amount of noise through at normal srgnal amplitudes As a
result the units were aligned to a maximum response - minimum noise compromise
position The different requirements at each site would probably require read-

Jjustments when the units are operated under normal field conditions.

The video linme drivers and line compensating amplifiers were checked and
aligned. It was found that plug=in filter capacitors C=-18A and C=188 of the
line driver, and C-36A and C~36B of the line compensator power supplies respect~
tvely, had negative charges built up on their outer shell These charges were
from 200 to 300 volts to ground and were dangerous to personnel Stewart-
Warner installed tube base clamps on the chassis, at the plug-in capacitor
sockets, to ground the outer shells of the capacitors This preveated the

charges from building up

O0'Hare Field reported that the ASR=3 pre-trigger modification did =ot
operate satisfactorily and that they returned the units to the source of sup-
pty. The location of the mod kit near high wattage resistors changed the time
constant of the multivibrators causing pulse jitter They placed the ASR=3 in
operation without the pre=trigger unit and were awaiting further installation

information.

10 2 Engineering Assistance Progress For The Period of November ! to November

30, 1958

The VIE units and associated control boxes for 0'Hare Fleld were mod)fied,




checked out, and returned to the site.

All but three VIE units and one control box were returned to Midway One
of the remaining units, VIE No.26, required a detay line, DL101. The delay line
was found to have an open circuit between points 127-25 and 127-26, the A, and
START taps.

The decoding delay lines Z201 in the Line Compensating Amplifiers were re-
tapped. The overall delay measured about 8.7 u sec with the other taps measur-
Ing about 5 5 and 3.2 u sec., Both units No 9 and Mo, 10 were corrected to pro-
vide the proper 8, 5, and 3 u sec values

The Stewart-Warner englneer made a trip to the New York Center at ldlewild
to observe the high density tests. However due to inclement weather the high
density tests were postponed. A visit was made to the New York Center Instalia-
tions, and operation of the equipment observed with the few beacon equipped air-

craft in the area.

10.3 Engineering Assistance Progress For The Period of December 1 to December
31, 1958

The Video Line Driver and Line Compensating Amplifier were returned to Mid-

way and the 0'Hare units were ready for delivery immediately there after Also
two of the three remaining VIE units were ready for delivery to Midway. The de-
fective delay line 1n unit No 26 (reported previously) was not available from
the normal spares and one was placed on order

The pre-trigger modification for the ASR-3 at O'Hare Field was received
and installed by the FAA installation group.

The FAA installation group were waiting for connectors or flexible cables
for the terminal ends of the beacon antenna cabling at the FP$-8 site at Midway

To this date, no further beacon equipment was received by either site.
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A brief ring out of the beacon equipment was made at Midway. A double
pulse generator and a single pulse generator were used to feed common mode trig-
gers and a 1,0 u sec. video pulse into the Video Line Driver at the transmitter
site. The line compensating network in the Line Compensating Amplifier was ad-
Justed using these trigger and video pulses as received from the Video Line Dri~
ver over the interconnecting underground coaxial cable The common Mode Trigger
output and Video output from the Line Compensating Amplifier were fed to a VIE

unit and the '""Wideo Output" for the P.P.|. was observed on an oscillioscope

This limited operational check was succesful after a few minor adjustments

and cable changes.

The spare parts delay line (2201} for the Line Compensating Amplifier was
obtained from the spares at Midway It was checked out and found to be too long
in its mode spacings It was re-tapped for better spacing and returned to the
spare parts. The line spacings for the two units and the spare line were measur-

ed to be as follows, with the corrected spacings also given.

Tap Spacing Unit No.S Unit No.10 Spare Parts Line

Original Spacing 3.25| 550 (8.7t | 327|5.55(8 73| 326|5.52|8.72
(In u sec)

Corrected Spacing | 2.91 (5,008 02 | 292501 |8.03 | 292|500|8.03
(in u sec)

It should be noted that the exact mode spacings could not be obtained This

was due to the time increments between taps which varied from 0 21 u sec. to 0 27

u sec. The tap closest to 3, 5, and 8 u secs was chosen

10.4% Engineering Assistance Progress For The Period of January 1 to January 31,
1959

The remaining VIE units, Video Line Drivers, and Line Compensating Ampli-

fiers were returned to Midway and O'Hare Fields, with the exception of the VIE

unit Ho 26 that has the defective decoding delay line To date this delay line
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has not been received.
Midway and 0'Hare Fields have received their Defruiters and the test equip-

ment for their Interrogators. The Midway Defruiter was bench checked and aligned

10.5 Engineering Assistance Progress For The Period of February ! to February 28

1959

Midway Airport received its VIE test set and it was installed in the equip~
ment rack. Further system checks were being carried ocut

The only equipment still required at Midway was the Interrogator, other-
wise the status regarding what was to be completed was as follows:

| installation of the Defruiter

2. Installation of the antenna connectors

3 Receipt and installation of the decoding delay line
for VIE No.26

4, Thorough system ''ring out''.

The beacon antenna at 0'Hare Field was accidentally damaged due to contact
with a DF antenna mounted near by It was believed that the antenna would have
to be sent back to the manufacturer for repairs and re-aligament The end sec-
tions were gashed and bent slightly The FAA installation group was awaiting
word on what action to take in regards to repairing or replacing the antenna

The status of what remainad to be completed at 0'Hare Field other than the

antenna was as follows:

1 Receipt and installation of the Interrogator.
2. Receipt and installation of the VIE test set
3. Installation of the Defruiter

L Thorough system '"ring out'’

Replacement relays were obtained and installed in the VIE(unit No.28)

that was used in the environmental life test Filtors type 26WDK12S were used
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to replace relay K=101 These were relays that failed during the environmental
life test as discussed in Section 6.0.

The location of all Nike Sites in the Chicago area was obtained by the
Stewart-Warner Engineer, and a map indicating their positions was sent to TDC In-

dianapolis, as per their request.

10 6 Enqineering Assistance Progress For The Perlod of March 1 to March 31, 1959

(a) Progress at Midway Airport:

The cabling and control circuits for the VIE units at Midway were checked
and corrected where needed The units were set up as follows No's. 22, 23, and
24 were routed to the present three VG indicators Unit No. 25 was routed to a
fourth position, however no indicator was installed there These four positions
will be equipped with scan conversion units that have been received but not in-
stalled to date The FP5-8 scope in the operations room and the maintenance
scope Iin the equipment room require a small amount of additional cable wiring be-
fore they are completed. Units No. 26 and 27 will be routed to these two i1ndica~-

tors

In accordance with the installation drawings, only common trigger, alternate
trigger, and beacon video were fed into the VIE units with the video output being
fed to the system video mixer units The Defruiter was installed and the control
circuits were being checked out

The antenna cable connector at the pedestal was installed The connector at
the interrogator end of the cable will be attached during the installation of the
interrogator

1t was found that the decoding delay line (DL-101) from VIE unit No 26 was

required for a replacement The defective delay line was removed and returned
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(b} Progress at O'Hare Field:
The Defrulter was installed at 0'Hare Systems checks could not be made

unti1]l the arrival of the test set.

10.7 Engineering Assistance Progress For The Period of April 1 to May 15, 1959

{a) Progress at Midway Airport.

The interrogator for the Midway installation was received and installed
Preliminary tuning and adjustments were made and the unit was put on the air for
short periods of time., The rec;iver output was monitored and several raw video re-
plies were observed on an A scope and on a P P.Il. Very good returns were received.

Defruiter operation was checked with signals obtained from the interrogator
test set, Tracking and Defruiter operation were obtained for a short period of
time, however after the Defruiter was completely warmed up, specifically the quartz
delay lines, the radar trigger and the tracking circuitry were not compatible At
this point, it was found that the FP$=8 Radar MT| quartz delay lines have had their

heaters disconnected due to the failures that have occurred throughout the field

from over heating

Data was taken on the FPS=8 trigger and the independent operation of the DE-
frurter. The radar operated from 358.7 to 358.9 prf, while the Defruiter with the
heaters aperating, had a tracking range from 359 2 to about 359 9 prf which was
Just a little higher than that which 1s required for proper operation With the
Defruiter heaters not operating, the range was found to be from 357 9 to 358 5 prf
which is just a hittle too low for proper operation. [t was realized that the
thermostats on the Defruiter can be adjusted, however this was not done, nor will
it be done, until further direction is received., |t was understood that work is
presently being done for the correction or replacement of the thermostats in the

FPS~8 units Until full time operation is required, the Defruiter heaters can be

manually controlled to maintain the specified temperature and the Defruiter in
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cperating condition

All circuits and controis were preliminarily checked out and adjusted The
more thorough, final tune-up procedure was being performed

One of the 20 u sec pre=trigger delay lines for the FPS-8 Radar was found
to be erratic in its operation. 1|t was removed and was being checked by the delay
line group at Stewart=Warner Electronics.

The replacement delay line for VIE No.26 has not been received to date.
With the exception of this unit and the above mentioned pre-trigger delay line all

equipments were received, installed, and checked out at the Midway installation.

(b) Progress at 0'Hare Field
The replacement antenna shipped from TDC for the O'Hare slte was received
and installed Still required for completion of the installation were the inter-

rogator and the two test sets

10 8 Engjneering Assistance Progress For The Period of May 15 to July 15, 1959

{a) Progress at Midway Airport

The flnal tune=-up procedure and the joint inspection of the Air Traffic
Control radar beacon equipment at Midway was completed. The complete system, with
the exception of the Defruiter, was turned over to the maintenance personnel. The
Defruiter 1s incompatible with the FPS=8 Radar unheated MTI quartz delay line prf,
as menticned i1n Section 10.7. To date a ''fix'* for the thermostatic contrels of
the MTIl was not received

The 20 u sec pre-trigger delay line for one of the FPS-8 Radars was found
to be internally shorted to ground by the delay line group at Stewart-Warner Elec~
tronics It was repaired, returned, installed, and was operating normally

The defective decoding delay line (DL-101) in VIE unit No.26, was replaced

with the delay line taken from VIE unit No.28. Unit No.28 was used by Stewart-

Warner Electronics in the environmental life tests. The delay line, which was
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originally on order as a replacement for unit No.26, was received at a later date

(b) Progress at O'Hare Field:

All of the Air Traffic Control radar beacon equipmeni was received for the

O'Hare Field installation and was installed The preliminary ring out and tune=-up

was being performed
The same MTI quartz delay line thermostat problem that existed at Midway,

exists at 0'Hare.

10.9 Engineering Assistance Progress For The Period of July 15 to September 30,
1959
{a) Progress at Midway Airport:
The Air Traffic Control Radar Beacon System installation at Midway Airport

has been commissioned as of August 25, 1959.

Delivery of the new 28 foot antenna is not expected for severa) months, The

present 18 foot antenna will be used until the 28 foot replacement is received

(b) Progress at O'Hare Field:

The joint inspection of the Air Traffic Control Radar Beacon System at
O'Hare field was completed. This site was commissioned as of October 5, 1959,

During the tune-up procedure at O0'Hare Field, considerable trouble was en-
countered with diode %ailures in pulse pair generator portion of the interrogator
set Several diode replacements had to be made in the mode selection circuitry
in order to obtain proper mode output operation. The replacement delay line (DL-
101) was installed in the VIE environmental life test unit No.28, still located

at Stewart-Warner Electronics, This unit will be returned to the FAA as dlrected

This completed all Engineering Assistance as required under this contract
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