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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 Avtation Agency contrast number FAA/BRD-88 

Stewart-Warner orIgInally contracted with the Civil Aeronautics AdminIstration 

(CAA) TechnIcal Development Center under contract number Cijca-639 Amendment #2 

to the contract, dated 18 March 1858, transferred the responsibility of admints- 

tering thus 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 Clsca-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 In the 

laboratories of Stewart-Warner Electronics. Additional data was obtained from 

the two Chicago airflelds, Midway and O’hare, which were being equipped with Air 

Traffic Control Radar Beacon Systems. Engineering assistance was provided during 

the beacon installation at these two sites. 

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

tasks on various dates. 
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2 0 INTRODUCTION 

This flnal englneerlng report IS a compllatlon of the &ndtvldual tasks that 

were assigned and accounted for in the monthly progress reports or in a task com- 

pletlon report 

The tasks are dlvlded into sectlons in this report and consist of the 

following: 

(a) Video Standardizer For Air Traffic Control Radar Beacon System (Sectlon 

3 0). This task covered a study of video standardtizatlon, slgnai-to-noise 

ratios, effect of temperature change on the equalizer characterlstlcs, sIgnal 

atteouatlon with various lengths of cables, design and constructton of a video 

standardizer unrt, pulse shaping clrcults, and study of Line Compensator trrgger 

output. 

(b) Safety Beacon Interrogator Antenna (Sectron 4.0). This task required 

tests be made of tbe waterproofing characterlsthcs of the Safety Beacon Interro- 

gator Antennas. The tests included the effects of amblent temperature changes 

and a wide varlatlon of relathve humldlty on the antenna. 

(c) Panoramic Photographs of 0”Hare Faeld and MIdway Alrport (Section 5.0). 

Thus task requested panoramic photographs of these two fields for the purpose of 

evaluation of the sites for beacon antenna installations 

(d) Life Test of Vldao lntereonnectlon Equipment (Seekron 6 0). The object 

of this task was to deternlne the deterloratlon of alectrfical and meehanlcal 

functions of the Video Intereonneetlon Equipment under condltlons simulating two 

years of normal operation Recomendatlons were submItted for Improveanents to 

the unit that could Increase Its stabl!Ity, rellabllity, and ease of maintenance. 

(e) Electromagnetic Delay Line Study (Section 7.0). This task requested a 

survey be made to determlne the sources, characters sties, stze, and cost of delay 

lines best sulted to delay radar video from four to 20 mlcroseconds Five delay 



lines of different manufacture were obtalned for this test and the results are 

submltted in this portion of the report. 

(f) Scan Conversion Display Decoder Gating Study (Sectton 8.0). Under this 

task,a written study was made to determlne If it was practical to use a co-ordl- 

nate conversion system to obtain the active beacon decoder gating function when 

scan-conversion dl splay systams were used. The objeetlve of this study was to 

determine the number of tubes required, the number of critical circutts which may 

require frequent adjustment, and the mlnimum size of gate required, as displayed 

on a 22-Inch television monitor. 

(9) Setrln Ctrcult 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 modlflcatlon work conducted by Stewart-Warner 

under this contraet.involved the installation of this circuit in twenty ANDB Type 

Ill transponders. 

(h) Englneerlng Assistance (Section 10.0). This task required engineering 

assistance to the FAA Installation and malntenanee groups at Midway and O’Hare 

Field. Since test coders were not avaIlable at the sites at the beglnning of 

this task, the beacon equipment was Inspected, tested, and allgned at Stewart- 

Warner laboratorles as far as possible to minimize field adjustments at the 

sites. As components of the equipment were Installed, cheeks were made for 

proper Installation and operation. 



3.0 VIDEO STANDARDIZER FOR AIR TRAFFIC CONTROL RADAR BEACON SYSTEM 

Task number one rn assignment of 15 January 1558, requested a study to be 

initiated of the feasiblllty of using a video standardizer in the beacon system 

preceding the Video 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 

standardizatron upon interleaved reply codes, Insertion loss, and pulse Jitter 

was requested. 

3.1 FAA Video Standardization Study 

Tne following items were studled regarding video standardization: 

(a) Limits over which a specific decoder would reliably decode pulses In- 

cludlng multiple replies, interleavlng, and Other heavy traffle conditions, which 

have been deteriorated due to cable or link transmission. 

(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 requirements by relaying beacon video via 10,000 feet 

of coaxial cable and/or up to 100 miles of microwave relay link. 

(e) Methods of reconstltutlng or reshaping pulses considering rise and de- 

cay time, pulse widths, spacing, amplitude sensitivity, droop and jitter, and de- 

termlne limits over whleh this was practical IR a decoding scheme 

(d) Design and construction of a video pulse reshaper to obtain experi- 

mental data for comparison with theoretical or calculated results Thl s design 

could be the basis for a video standardizer to be included in the FAA beacon 

equ i pment . 

(e) Location of standardizer in the beacon chain for various lrnk con- 

figurations. 

4 



3.1 I Siqnal-to-Noise Ratios of Component Parts of the Transmrssron Link 

In the study to determine the feasibrlity of using a video standardizer 

In the beacon system preceding the Video Interconnection Equipment, a phase of 

the study was designed to analyze the slgnal-to-noise ratios of the component 

parts of the transmrssion link. The following is a report of Stewart-Warner’s 

analysrs of this phase. 

Calculations of the Spot Noise represented as Figure F of that portion of 

the vrdeo transmrssion link consrsting of the Vrdeo Line Driver 2.3 N57/AM-1, 

RG 13/U Cable, and Lrne Compensation Amplrfier 2.3 N57/AFi-2 were made. An ex- 

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

It was considered of interest to establrsh the contribution to the total 

Noise Frgure of the various portrons of the vrdeo transmission link referred to 

above, in order to determrne the areas wherein some improvement in the signal-to- 

norse ratio might be realrzed It was particularly desired to determine the ef- 

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

The calculatrons necessary to establrsh the Spot Noise Figure F, are shown 

in Frgure I. To a close approximatron the Spot Norse Frgure reduced to the fol- 

lowing: 

F ‘g F, + (“4 -I) “5 

Gi G2 G3 G4 + GI G2 G3 G4 G5 

The frrst term, Fl was the Noise Figure of the ftrst video amplifier in the line 

drover whrle the second and thrrd 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 entrrely determined by the 

Noise Figure of the frrst video amplifier 

5 



3.1.2 Norse Fiqure Of The Frrst Video Amplufrer Staqe 

The Noise Frgure of this stage was grvsn by the followrng relatronshrp. 

RS z source resistance 

Rg E total resistance in the grad crrcurt 

Rn z equivalent norse resistance of the tube 

“I = notse ratto, unity of at un~fosm room teraaperataare 

Considering the Noise Frgure with the grid crrcuit shunted by 74 ohms and a 

source impedance of 74 ohms. the result would be: 

F = I + 1.1 + 77 % 79 = 38 db. 

This was a very high Norse Frgure. 

Wrth the 74 ohm termrnatlng reslstance removed, the result would be: 

c 13.9 c 23 db 

The 74 ohm termrnatrng resistor raised the Norse Frgure by 15 db. Thrs 

Illustrated the rmportance of presentrng the correct source rmpedance to the 

first video amplrfler for m.~narrrmm Norse Frgure. The source resistance for mini- 

mum Notse Figure was grven as follows* 

Usrng this relation 18 was found 6Lhat rf a 74 ok resistance was shunted across 

the grad crrcult of the first vrdeo anplrfler, tha reflected source Impedance 

should be approxrrnately 20,000 ohms. Wtth a 20,OOg ch source impedance the 

Notse Figure of the first stage became: 

6 



3.1.3 Effect Of First Stage Noise Figure. On The Overall Signal-To-No1s.e Ratio 

Lrttle Improvement could be realrzed in the overall slgnal-to-noise ratro, 

including the Beacon Interrogation Unit, by an Improvement in the Nor se Figure of 

that portion of the video link represented by the video line driver, transmrssron 

cable, and equalizer. 

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

bandwrdth of 5 mc was approximately: 

P = KTB = (1.4 x 10’23) (300) (5 x 106) = 21 x IO-l5 watts. 

With the exlstrng design, under the extreme conditrons previously descrrbed, the 

line driver, transmissron cable, and equalizer link would contribute: 

(21 x IO -15) (79) = I 6 x IO-l2 watts of thermal norse. 

According to Spec. 2.3NSI, Supplement I, Paragraph A3, the Beacon Interro- 

gator may have a signal output of 2 volts with a peak signal to noise of 4 to I. 

Tbis corresponds to a noise power level of 3 4 x 10m3 watts. The maximum avafl- 

able norse power (FKTB) of the lrne driver, transmIsslon cable, and equalrzer 

would be about 90 db below the maxrmum noise power developed by the Beacon In- 

terrogator Unrt which is 2 volts peak vrdeo output. The signal to norse of the 

Beacon Interrogator source represents the determrning factor. 

3.1.4 The Results Of Equalrzer Characteristics As A Functron Of Temperature 

Calculatrons on cable and equalizer rnsertron loss are plotted in Figures 

2 and 3. The effect of temperature change on the equalizer characteristrcs was 

quite pronounced below 100 KC as an examrnatron of Figure 2 will Indicate. All 

of the energy III the video spectrum at the present time lies above this fre- 

quency . However, thus may become important rf video information is added at a 

later time having lower frequency components. 



3.1.5 Signal Attenuation Wltk 10,000 Feet of Cable 

For 10,OQO feet of cable,tke combrned cable equalizer attenuation (for 

equalrzatlon to 5 mc.) under condlt~ons of maxImum temperature was 52.5 db. With 

the present video lrne driver this should produce a peak vldao srgnal to the 

order of 0.1 volt at the output of the equalizer As previously axplained, the 

signal-to-noise rat10 at tke output of the eqcallzer will. for all practical pur- 

poses, be governed by the sIgnal-to-noise ratro of the input signal to the frrst 

vrdeo amplifier located in the lrne drrvcr unit. 

In the following portions of this section, the study under this phase of 

the contract will cover a video standardizer wkrck WI 1 I reshape drstorted pulses 

and maintarn a constant signal level. 

3.1.6 Design And Comstruction Of Video Standardizer 

In the design and constructron of the video standardrzer,it was found that 

the calculated attenuation and phase characteristics of the video lrne driver, 

coaxial cable, and equalizer placed limltatrons on the circurts that could be 

used. A graph of the overall attenuatron characteristics (see Frgure 7) showed 

that the signal would be appsoximtely 25 db. down at the output of tke equalrzer 

at 10 KC and 8 flc. Sufficrent garn mbgkt be avarlable rn the video amplifier to 

provide the requrred output A plot of cable and equalizer characteristics (Frg- 

ures 4, 5, and 6) showed that the pkase response was unsatisfactory. The slope 

of the phase response curve was the time delay, and the slope should be fairly 

constant for drstortronless transmission. Unequal time delays for varrous fre- 

quency components would cads& a serrous loss of signal detail. The equalrzer 

gave amp1 etude compensation, and I ItGle pkase correction. Exams nation of total 

phase shaft characterosttc (F~gtre 6) revealed that devlatron from lrnearity was 

in excess of 40 radrans. An arbitrary err terion’ stated that If the variation 
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from a linear phase charactsristlc was as much as one radian III a frequency range 

of 1 
3 x pulse length 

,there would be a serrous loss of signal detail. This crrtsrra 

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

energy if we assumed a bandwidth of f, 
2 

- - needed for rrse time requirements, 
Tz-T I 

then f, = 4.45 mc bandwhvldth in 011s bandwidth, it was discerned that under con- 

ditrons where the equalizer was matched to 13, of the lrne. the phase response 

crrterion was not achleved. It was difficult to establish, however, what the re- 

quired bandwrdth would be The composite Insertion loss (Frgure 7) was far from 

fiat, so that the bandwidth over which linearity was desired, could be narrower 

than 4.45 mc Phase response for all line lengths was flat from 1 mc up, wrth 

the amplifier peaked at 2 mt. 

Further studies were made to determrne how serious the equalizer problem 

could be under all coaxral line condltlons. A Video Lrne Drrvar 2.3NS7/AM-I and 

Line Compensatrng Amplifier 2 3NS7/AM-2 were obtained from O’Hare Field so that 

tests could be conducted using code tram pulses. The results of these tests 

were appllcd to the design of “she vrdeo standardizer. 

?he manufacttirer’s data for cross-talk isolation in a coaxral cable was as 

follows: 

RGII/!J s1ng1e Shl.eld 35-40 db shielding effectrvsnsss 

RGIYU Double Shield 50 db sbrelding effectrveness 

Trrple Snield 60 db snIe1din.g effectiveness 

No standards ex1s5, to date on the methods of measurement or defrnitlon of 

terms, therefore the mawfast~arer used the term “sh~eldrng effcctrveness” to de- 

scribe the cress-talk isolat~or. available in the cable. 

3.1.7 Video Staadardizer Unit 

A video standardizer knit was constructed whrth sharpened the rrse time of 



pulses to about 0 1 u set but had the property of widening the Input pulse about 

three percent. This drd not meet the pulse width requirements, however, the 

method of ampllfyting and clipping drd not introduce any addrtronal jitter. 

A blocking oscillator (B.0.) type of pulse shaper was built to determrne 

if the minimum jotter requirements could be met and if a maxImum Jitter of 0.05 

u set was crrtical The 5.0. type pulse shaper permitted more precise shaprng of 

pulse WI dths 

3.1.8 Characteristics Of 10,000 Feet Of Coaxial Cable 

The use of 10,000 feet of RGll/U 75 ohm cable was obtained and tests were 

conducted of attenuatron and phase shift characteristics. The time delay and in- 

troduced rise time using the cable and equipment was Investigated The time de- 

lay from the rnput of the line driver to the output of the line compensator was 

approximately 1.55 u set per 1,020 feet,which was in close agreement with tke 

trme delay of polyethylene cable. t I 0.0033 fi= 0.005 u set per meter. The 

Introduced rise time Th2, where T total e was about 0.17 u set 

for the 10,050 foot ccndirion. 

3.1.9 Pulse Shapinq Circuits Fc- VI&o Standard!~ 

The two methods of pulse shaprng used rn the tests are shown schematically 

in Figure 8. The ftsst method of smp~~fying and clipping produced pulses with 

improved rise times and with no delay. However, the pulse widths are Increased 

and this may be undesirable beyond certain liwlts. (FIgare 9 shows sane of the 

waveforms obtarned when degraded pulses were fed into the shaping crreults.) The 

basic spacing between pulses was retained, in addrtzon. the rrse trme was rm- 

proved. S~net the ten pescert pornt of the original pulse was amplified and 

clapped to provide the improvement rn rrse time, the resulttng pulse width was 
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that of the ten percent level of the orIgIna pulse. Although tests with the 

present decoder Indicated that the leading edge informatron was the most critical 

portion of the pulse, the additional widening of the pulse reduced the traffic 

capacity of the decoder. 

The blockrng oscrllator pulse shaprng circurt, although rt produced a de- 

lay of approxrmately 0.3 u set, generated pulses whrch Indicated good rrsc and 

decay times wrth constant wrdth. The wrdth of the pulses was controlled by the 

shut-off 1 me whrch was set to provrde a given width. An amplifying and shaping 

network preceded the blocklng oscillator to provide positive triggers of suf- 

ficrent amplrtude to trigger the blockrng oscillator. 

The Input pulses to the reshapers were applied from an AN/GPM-17 coder 

through 10,000 feet of RG/llU coaxial cable to provide an essentrally degraded 

pulse. 

3.1.10 Effects Of Code Pulse Spacing And Wrdths on Decoder-Modifier In VIE 

Tests were conducted on the decoder-modrfier to determlne the effects of 

code pulse spacings and widths. It was found that pulse spacrng was much more 

critical than pulse width. The width can vary from 0.20 to 1 0 u set, but the 

pulse spacrng should be maintalnad to 2 9 f 0 1 u set for proper decoding If 

tnc spacing requrrements are not achlevcd, Incorrect replles could result In 

tests with intentionally distorted pulse code groups, the decoder operated wall 

regardless of wave shape as long as the spacrng was correct. 

3.1.11 Vrdeo Line Drover 2.3NSj’/AM-1 Used In Study of Video Standardizer 

This unrt consists of two channels of mixed video and trigger. They may 

be used separately or together, dependtng on whether one or two lrne operation IS 

dcsi red. In the studies, only the one 11ne operation was considered, as this 

11 



would include all operating problems. 

No trouble was noted I” the trigger circuits, so study was dlrected to 

the video portion. 

Inltlally, an effort was made to determlne overall 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. Overa 1 I re- 

sponse of the line driver to a sine wave Input, however, was qultc poor. This 

resulted from the fact that the cathode follower combfinat1on V3 and V4 IS biased 

in a conslderabiy nonlinear region, to obtain pulse shaping effects (see Fig- 

ure 11). 

Since examination of the output waveform for a video pulse train input 

showed neglrglble deterloratlon, (less than .Ol mtcrosecond Introduced rise 

time), study efforts were dlrected to the line compensating ampllfler. Al though 

further pulse shaping might be obtalned 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 consldered acceptable as IS. 

3.1.12 Line Compensatlnq Amplifier 2.3NS7/AM-2 Used In Study Of Video 

Standardizer 

The line compensating amplifier was deslgned to accept the deteriorated 

pulse train from the output of the coaxial cable and restore It to its origlnal 

shape. It will also separate and amplify the two triggers. 

The pulse shape restoratlon was accomplished I” this equipment by equal,- 

zation of the cable characteristics and ampliflcatlon, 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 lndlcated expected phase and attenuation 
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characteristics of the equipment A more thorough study lndlcated that the 

phase delay was tolerable to the extent that it was present The equal 1 zer con- 

trlbuted to phase correction at frequencges below I mc At higher frequencies, 

where most of the signal energy Inas., phase correction was not as necessary, 

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

group delay, the relation Tg I K c \lg zi x must be constant over a frequency range 

of 
I 

3 x pulse length’ 
Stated In another manner, the phase shift should be linear 

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

dl stortionless transml ssion WIthIn the accuracy of graphical analysis, this 

condltlon was achieved, and distortlon was primarily due to amplitude attenuation 

which was not constant with frequency. 

As a first test of awplltude equalization, attenuation characterlstlcs 

for the 10,200 feet of RGll/U cable were checked (see Figure 12). This cable, 

which was the only type available, was supposed to duplicate the characteristics 

of RGIYU. except for shielding quaIltIes. Results of this test were satis- 

factory, so an overall study of the line,plus line compensating ampllfrar was 

I nst (gated. 

3 1.13 Line and Line Compensatinq Ampllfler Study 

Reference photographs were taken of the line compensating amplifter 

equalizer output when fed by the test coder, line driver, and various lengths of 

cable. In all cases, the equal izer was adJusted for optimum pulse output The 

tabulated results are as follows: 

Test Coder AN/GPN-I7 Output: 0.08 u sec. rise time, 0.44 u set pulse length 

T 
Intro 

q 1 T2 total - T,n2 
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Length 
of Line 

1,000 ft. 

2,000 ft. 

4,000 ft. 

6,000 ft. 

8,000 ft. 

9,000 ft 

10,000 ft. 

Lint 
Rrse Time 

0.09 

0.095 

0. IO 

0.10 

0. IO 

0.10 

0.10 
-- 

arIver 
Pulse Length 

Line Comp. 
RI se Time 

0.1 I 

0.12 

0 I4 

0.15 

0.17 

0.18 

0.185 

Izr Output 
ul se Length 

0.45 

0 41 

0.37 

0 36 

0.38 

0.40 

0.40 

! 

I 

Total intro 
Rise Time 

_~ 

0.076 

0 09 

0. I I 

0.13 

0 15 

0.16 

0 17 

For line lengths over 3,000 feet, the desired introduced rise trme of 

0.14 u set was not achieved since the equalizer was not able to make the fre- 

quency response of the line flat enough. As the length of 1 In@ Increased, proper 

equalization became mOre Important. For the longer lengths of line, an equalizer 

should be deslgned to provide enough attenuatron so that the response would be 

flat to 5 mc, however, the signal level would be too low, and another amplifier 

stage would be needed. 

Another approach was to peak the outputs of WI and V2 at the high fre- 

quency end Thus was tried with some success. as bllustrated by Figures I3 and 

14. Line lengths of less than 6,000 feet ware not plotted, as equallzatron be- 

came less important for the shorter 1 Ine lengths. In each case, the equalrzer 

was first adJusted for optimum video pulse output. Changes in overall level were 

due to drfferent settings of the equalizer adJustments Peakrng of WI and V2 re- 

sulted !n a rise time for the 10,900 foot cable to 0.13 u s&c Therefore 

T 'a.132 intro = ‘/ - 0.082 = 0.11 u sec., a conslderable Improv~ent over 0.17 

u sec. 

To obtain further improvement rn pulse shape, several approaches were 
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open. These included increase of bandwldth of stages VI and Vz, equalization 

over greater bandwldth, and further pulse shaping by cathode follower Vs. All 

these would entall considerable circuit re-design and se-bul IdIng. PeakIng the 

stages Wl and V2 was considered the best approach, which was accompilsbed by re- 

placing Inductors L6 and L7 with 100 uh adJustable slug types, applying a 4 MC 

sine wave input, then adJustin ~6 and L7 for maximum output from Vi and V2 

3.1.14 Continuation Of FAA Wideo Standardlzatlon Study 

During a visit to TDC on 19 December 1958, the video standardization 

study was discussed. The merits of a passive pulse reshaping circuit were dls- 

cussed and the desirability of concentrating our efforts on this type of circuit 

stud1 ed. 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, “tailbltlng” or pulse width control through the use of a delay line 

should provide sat 1 sfactory results. During the month of January 1959, a circuit 

was designed and built using this principle to provide an amplifier-cl Ipper pulse 

reshaper with pulse width control. 

The video amplifier peaking corls proposed for the modification of the 

line compensator were of the adjustable type. This would provide, in addition to 

an increase of the amp1 ifler bandwidth, a method of peakIng the circuit to meet 

the requrrements of each partlcblar lnstal latlo:?. 

Tests colzducted to determine the effects of pulse shapes and wbdths on 

proper decodung and reported earlier, Ir,dlcated that pulse spacing was a crltlcel 

factor. This assumes that the deterioration of pas1 se shape 1 s the same for al 1 

pulses 1” a pulse group. In practtce,th~s wor*ld appear to be the case in the de- 

coder-modifier, line drive:, lirre compensating amplifier, and cable combination. 

15 



The pulse reshaping circuit was modified to provrde pulse width control 

An amplifier, delay, and non-addrtrve mixer was added to the orrgrnal reshaprng 

cl rcuit. Thus meant that approximately six tubes were requrred to utilize thus 

method of reshaping. 

3. I. 15 Conclusron 

Further work 1s required to Improve the circuit The results of thus 

work to date,indrcated that although pulse Jitter problems are mrnimized, the 

total improvement in rise time can be no better than about 0.1 u sec. Thrs rm- 

provement in rise time is at the expense of dead trme between pulses. The 11m1- 

tation of the rise time improvement is due to the lrmited total amplification 

evarlable from the compensated amplifier, and the permissible cl lpping level. 

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

coder-modifier rn a coaxral line system 

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

Stewart-Warner began investigatrons of the effects on beacon vrdeo usrng 

mIcrowave relay Irnks. The problems of phase shift, introduced rise trme, band- 

wrdth requirements, and other conslderatrons were studied Manufacturers data 

was used to study existrng microwave ltnk equipment end enabled Stewart-Warner to 

determine capabllrties of the equrpment in transmitting pulse InformatIon. This 

asslsted Stewart-Warner in formulatrng requirements of microwave link equipment 

for transmrttrng beacon informatron. Pulse reshaping requirements and the lo- 

catron of such reshaping circuitry were determlned during the course of this study 

Information of a very general nature was obtained on exrsting microwave 

link equipment suitable for relaying beacon vrdeo. Present frequency allocations 

dictate transmbtter-receiver frequencies of from 7125-8400 MC. The video 

16 



response for two mrcrowave systems is tabulated below, using readrly available 

data furnished by Motorola, Inc. 

Link Type 3 db Bandwidth !-ntroduced Rrse Time Drfferentral Phase 

MRR 30 cps - 5 MC 0.06 u set 3% 

AN/TRQ-10 20 cps - 7.5 MC 0 04 ” set 3% 

Harmonrc Distortion 

2 nd 3 rd 

MRR 4% 2.5% 

AN/TRQ-10 2.5% 1.5% 

The introduced rrse time for more than one link increases as the square 

root of the number of identical lrnks rn a system. The differential phase in- 

creases in the following manner: 

Number of Links Differential Phase 

2” 3% (n + 1) 

where n - 0, 1, 2, 3 ---- 

The problems of increased pulse Jitter would be mrnrmized If frequency 

modulated transmlssron of the video srgnals was employed Jotter may arise from 

multiplexing operations If blocking oscillators are used to provide the multi- 

plexlng pulses. No actual figures for pulse Jitter introduced under multiplexrng 

were available 

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

circuitry is in the microwave relay line vrdeo amplrfier. 

3.2 Line Compensator Triqser Output Study 

Before the decodrng delay lines (Z-201) in the Line Compensating Amplifiers 

were re-tapped to grve better mode decodrng spacing, It was noticed that the 

“trig out” was sometimes lost when the video input to the Video Lrne Drover and 
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the video output of the Line Compensating Amplifier were not set to their proper 

values of I.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 Amplrfier was 

lost when the “video out” of the Lrne Compensating Ampirfrer was set below 1 8 

volts. The loss of the “trig out” was further impaired by de-tunrng the compen- 

sating network. 

After the decoding delay lines were re-tapped, the unrts were peaked up to 

give optimum performance and a study of the Inputs and outputs with mode spacrng 

variations was made. A modificatron was made to the trigger circuitry to Improve 

the reiiabiirty of the Line Compensatrng Amplifier to help insure operation under 

ail mode tolerances, unit variations, compensator sett 1 ngs and tube agei ng. The 

procedures and results of this study are as follows: 

Readrngs were taken with Video Line Drover and Line Compensating Amplifier 

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

The “vrdeo in” at the Video Line Drover was set for 1.8 volts as specified 

in the instructron book Vrdeo Remotlng Equipment Type 2.3NS7 The mode spacrng 

for the cormnon mode was then varied in steps of 0.2 u sec. II-I both the positive 

and negatrve directron. The vrdeo gain control on the line compensator was ad- 

justed to the point where the trigger output from the line compensator Just 

disappeared. At this pornt for various mode spacing the amplitude of the “video 

out” was measured and recorded. Spot checks were made using 10,000 feet of 

interconnectrng cable and wrth 10,000 feet of cable, triggerrng levels decreased 

by about 0.1 volt. 

Points were also recorded for 1.3 and 2.3 volts of vrdeo into the Video Line 

Driver to cover the tolerance of 1.8 + 0.5 volts as specrfied In the afore- 

mentloned instructjon book. 
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The circuitry of V-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 I and Table 

II and are graphically represented in Figure 15. 

Spot checks were made on the alternate modes (3 and 5 u set) and as with the 

10,000 feet of cable, the results showed about a 0.1 volt decrease in triggering 

level (curves in Figure 14 lowered about 0.1 volt). A composrte prcture of the 

mode tolerance is shown in Frgure 16. 

Table I. 1.8 Volts Video Into Line Driver 

Video Out at 
Trig. Lost Point 

Vrdeo Out at 
Trig Lost Point 
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Table II. Using 1,000 Feet Of Cable 

h 
! Video Into I Video Out Video Out 
I Lineokjver 1 at Trig. Lost Point at Trig. Lost Point 

I 

L Volts Volts 

A- t 

I 

Before Mod After Mod. 

1 3 0.9 0.6 

1.8 1.3 0.9 

2.3 i 1.7 1.1 

The modification to V-206 consrsted of groundlng the cathode, whrch 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 Reslstor Voltage 91 v 175 v 

Plate Current I = E 9.1 ma. 6.5 ma. 

Plate Resistor Disipation 0.83 watts 1.13 watts 

The plate current was reduced from 9.1 me to 6 5 ma. A negative signal is 

applked to the grid which cuts down on the plate current so that the maximum 

disipation of the reslstor will be Its steady state value of 1.13 watts 

The modification does not affect the trigger separator operation of V-207 to 

any stgnificant amount. Before the modlflcation, video signals would Just start 

getting through to the cathode of V-207 when the video output was set at 4 8 

volts; with the modification the same effect is notlced when the video output IS 

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

that far above 2 volts, would never reach an amplitude high enough to cause a 
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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 IS. or ever does become a problem, a 

circuitry change at v-206 would be a possible solution. 
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Fl, Gl, “1 F2, G2, “2 F3, 63. “3 F4, 64, “4 F5, 65, “5 

Video Video Cathode RG 13/U 
--b amp. * amp. + follower cable 

Equal i zer 

1 2 
fF= spot noise figure 

(F-1) = Fl + + F5-1 

GI%‘+ 
G = avallable gain 

n = noise ratio 

I (at room temp) 

Fl x F2 are given by: 

F m 1 + !Z + Raq Rs 
RI 

2 R, = Source res. 

+ Req RS (WCl)2 Req : eqiv noise resis- 
tance of tube 

R’ q grid resist. 

GI + G2 are given by: 

G a gm2 Gs 2p/lYs12 

1 r = ‘7’6 1 100 to 100 KC 

I 
r = 3.3 x 10’3 100 KC to 10 mc. 

m4, m5 = 1.1 

2 
(T = 50°C 

G5 = I1 + lc + 1) s [1 21 
I + lc-1) FRu 

= available gain of equalizer 

-I 

(F-l) =FI + “4 1 
- G,G2G3 + 

n5 1 

G I W3G4 GlG2G3G4G5 Gl G2G3G4 

Now G4 = G5 is determined by the cable loss and the range over which equali- 

zation is to be accomplished. In this case G4 . 65 - 8 x 10 
-4 

over 5 MC. 

Also Gl.G2 G3 e 9.2 x IO3 (to 5 MC) 

The term 1 / 
GTG2G3 is negligible therefore: 

(F-1) g Fl + G,;:,:,, + & % Fl 

/ 

Figure 1. Spot Noise Figure F, Calculations 
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Figure 3 PredIcted InsertIon Loss For 10,000 Feet of RG-13/U Cable 
Y 



N 0 b !nrnrlmm- N P Y 

Figure 4 Calculated Thase Shift Characteristic, Equalrzer Only 



Figure 5. Actual Phase Shift Characteristic, RG-13/U Cable Only 
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i-i 
Figure 7 Calculated Overall Attenuation Characteristics, Cable, Equalizer. and Video Line Driver 
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Figure 8 Pulse Shaper Clrcul t. SchematIcs 29 



Output from Amplifier-ClIpper 
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 
10,0001 coaxial cable 

Same as above 

TIME 

SWEEP zus/cm 
I v/cm 

%/cm 

SWEEP 5udcm 
Iv/cm 

SWEEP Zus/cm 
IOv/cm 

5v/cm 

SWEEP 5us/cm 
IOv/cm 

1 v/cm 

SWEEP 2us/cm 
lOv/cm 

Ftgure 9. Pulse Reshaper Waveforms 



- 
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Dynamic Characteristics -.-.. 54, 
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Frequency 

Figure 12. Attenuatton Characteristics For 10,200 Feet of RGII/U Cable - 



Figure 13. Attenuation Characterrstlcs For Unmodified Line Compensator 



Figure 14 Attenuation Characterlstlcs For tiodifled Line Compensator 



Figure 15. Tragger Output Characterlstlcs Of Line Compensating Amplifier 
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4.0 SAFETY BEACON INTERROGATOR ANTENNA 

Task nuarber 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’tlare Field’s AM-3 radar site. 

Tests to be made,were to determine If moisture accumulated inside the an- 

tenna as the ambient temperature was varied from -20 degrees F to +llO degrees F 

and the relative humidlty 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 lnterroqator Antenna Tests 

Safety Beacon Interrogator Antenna assembly,serial no. 2,was received at 

Stewart-Warner Electronics on 30 April 1558. Test procedures were developed by 

personnel assigned to this phase in order to perform tests in the folIowIng 

wonth. 

4.1.2 Prel iminarv Tests 

The following is a report of the preliminary tests performed on the 

Safety Beecon Interrogator Antenna: 

Purpose: To determine if the antenna is resistant to the effects of water 

sprayed on the unit when in its norms1 operating positlon. 

Procedure: The unit was placed on Its mounting plate on a stand. Water was 

sprayed on the unit from all posItions,except that 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: Resistance readings May 12. 1958. starting with Infinite ohms using 

Simpson Model 260,R X 10,000 Range. 

After spray test: 30,000 ohms 

nay 13. 1958 14,000 ohms 

nay 14. 1958 23,000 ohms 

Conclusion: Unit was not resistant to effects of water sprayed on it. Wlsual 

Inspection showed that fiberglass window fastening method permltted 

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 entry could not 

be determined. 

The end sectlons,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 sllng,or drain 

holes were evident on the unit through which water could be drained 

from the antenna houslng. 

Tests were held up until further notice from CAA TDC. 

4.1.3 Advanced Tests 

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

Interrogator Antenna witk re-endations for corrective measures: 

Purpose: To determine if the antenna water spray tests were valid,and to 

find by what means the water entered the antenna housing. 

Procedure: 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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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. 

Results: 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, enougb water accumulated in the 

guide to permlt tbe water to rise to the level of the water drain 

holes,aad thus short out the aratching section. The second unit did 

not short out,but showed about 5 megohms resistance upon completion 

of the test. 

Cgnclusion: When tbe unlts are sealed properly and placed in their normal oper- 

ating position the units will not skort out. Water in the wave- 

guide section does not harm the unit If the water does not rise to 

the level of the snatching section drain holes. 

Recostaeadations: 

(a) 

b) 

(4 

(4 

(4 

(f) 

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 IS inbtalled. 

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

antenna housing. 

An additional 3/16” water drain hole should be provided ia the 

matching sectionSso 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 lnstallatlon 

to insure that obvious water entry points do not exist. 

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

appl led to other locations as were deemed necessary to obtarn a water reslstant 

antenna. 

It was planned to re-test the antenna as soon as spare Jumpers were re- 

cerved from OrHare Fleid, however, of the Jumpers were not available, then the 

Jumper connections would be capped and sealed. The final tests would then be 

performed. 

4.1 4 Final Tests 

The results of the fanal spray and humrdity tests were as follows: 

(a) Spray Test. Water was sprayed on the antenna for a perrod of one 

hour The unrt resestancze was checked before and after the test 

Resistance of Section I 2 3 4 

Start: (with Sampson 260) CD 93 co CQ 

Frnish: (with Simpson 300 VTVH) 20K 20K 8~ IOK 

Treated unrts were water resrstant when placed III their normal operahrng 

posrtron and sprayed with water 

(b) Humrdrty Test. The unrts were placed in a hunardrty chamber and held 

at 50°C and 959% relative humbduty. Drstrlled water was used to obtain the re- 

quired humldlty cond~trons. The antenna was then sprayed wrth cold water in 

order to determine If there was any water entry due to expansron at the JOIMS of 

tile unit. The cold water spray also cooled the extasror of the unit rapidly and 

condensed any vapor III tha antenna cavoty ctself. The results of thus test were 

as follows: 



Legend (see Figure 17) 0 x A 

Section 

Condition: 

50°C 95-97% Humbdtty 

Soak for 1 l/2 hrs and spray 

Start* 

FInlSh. 

1 2 

20M 25QK 

2OK 2OOK 

22K 24K 

11.5K '2166 

3 4 

8~ IOK 

10K 6 5K 

Condition. 

50°C 9597% Humidity 

Soak for 21 hrs. and spray Finish. 

Condition 

25'C 50% Humidity 

48 hrs after final test Flnish* 7K 

3 SK 

3 2K 

Condition: 

25°C 50% Humnldity 

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

25OC 50% Humidity 

96 hrs after final test 

Pre-shop value FiPJlSh 1QK 2QK 2 SK 4.QK I 

4.1.5 Conclusion. Moisture condansau8on dith~n the antenna apparently 

did not seroously decrease the laakage resistance of the antenna matching 

section or dipoles Howaveu, 1% was noted bhat aftsu a psrBotl of abOM% 72 

hours after the test then was a sharp decrease in the rasi5tantx ueading. 

(See Figure 17). Thas may be due %O oxoda%lon by-products ac%!ng w,lth %I% cm-a- 

densate causing fosmat~on of a condxt~ve mater~ai. ~hls affect slowly dps- 

appeared after the condensate evaporated 1% IS posslbFe that If the antenna 
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was exposed to high humidity conditions and than rapidly cooled, so that whatever 

condensate did form, it has very llttle conductivity by itself Reaction of the 

conknsate with the metallic portions of the antenna could produce conductive by- 

products. If the antenna ware exposed to the sun Imediately 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 ccmbined with rapid cwllng would 

not seriously impalr the effectiveness of the antenna. 

Tests on the antenna were completed and the unit was shipped to O’Hare 

Field. 
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5.0 PANORAMIC PHOTOEPJIPHS OF 0”HARE FIELD AND MIDWAY A6RPORT 

Task number three in assignment (96 F 15 January 1958, requested panosamnlc 

photographs be obtained from OnHare ASR-3 and Hsdway FPS-8 radar antenna plat- 

forms, to be used for evaluation of the sites for beacon antenna Installations. 

Callbratlons of a specific nature were sbvem that had to be contained in the 

photos. Instructions were given that If one as both sites appear to present re- 

flection problams, alternate beacon antenna sites should be recomended. 

5 I Problems Encountered In Obta~-nvmnnq Photos 

In order to take pictures fro+v the radar antenna towers at O’Hare Field and 

Hldway Airport, the faclllties had to be shut down. Speclflc dates had to be 

arranged with the regional FNF Planning Branch fin Kansas C~ty~ Hbssouri. 

A source for a panoramic camera was obtalned and photos were to be taken an 

July 1958, however, our plant was shut down for annual vacation perlod and per- 

sonnel to take photos were not available 6n the meant lme, the camera was he- 

located to Binghamton, NW York. A nw% date for the fo rst week of August 1958 

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

Photos were taken as instructed and two prints of each plus the megatlves 

were submitted to LAA TD: BII August 1958. 
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60 LIFE TEST OF VIDEO INTERCONNECTION EQUIPMENT 

Task number one in assignment of 10 March 1958 requested an accelerated 

life test of the Video Interconnection Equrpment (VIE) Type 2.3NSba, be conducted 

with specific attention paid to the followrng detarls. 

(a) Deterioratron of mechanical and electrical function of the Raw-Decode, 

ALL A/C-C/S, Sel A/C, ldent -A/C Code Selector swatches, Range Selector switches, 

and relays durrng operation for the equrvalent of two years normal operatron 

(b) Deterioration of electrical characteristtcs of crystal diodes, resis- 

tars, capaci tars, lamps, and electron tubes when subjected to high ambient tem- 

peratures as may be found rn equipment rooms at control towers and ATC centers. 

(c) Deterioration of components accelerated by operatron at maxrmum, or 

excessive, current or voltage 

(d) Lrne 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 excessrve to the normal life expectancy of VIE parts 

and components. 

Task number three of this assignment requested recommendations be made, that 

would improve the stability, relrabrlrty. ease of maintenance and accessibility of 

the VIE decoder, conslderlng only minor modificatrons that could be performed at 

operating sites Including replacement of sub-assemblies with modified sub-assem- 

bl ies. 
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6 1 Analysis of Video InterconnectIon Eaulpment 

After Idlewild beacon facility marntenance reports were received in April 

1958, an analysis of these reports and the VIE was made, In order to draw up an 

Environmental Life Test Procedure However, further data on operatrng conditions 

of the VIE was requrred and a vrslt to the New York Center was made in June lg.58 

Voltage and temperature readings were taken of the equipment, enabling 

Stewart-Warner to set up a reallstrc EnvIronmental Life Test Procedure 

Difficulty with the power supplies still exlsted and It was ascertatned 

that part of this was due to component parts overload, expecially the 2-watt re- 

sistor supplying the -200 V rectifier which was dissipatrng about 2 4 watts 

In settrng up the cycling of the functron switches, it was drfficult to 

estimate actual operatrng conditions for the control 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 consrdered 

During July 1958, a cycling Jig for operating the toggle and rotary switches, 

illustrated in Fig 18 was built to be used rn conJunctron wrth the accelerated 

life test of the VIE In this same month, an outline of an Environmental Lrfe Test 

of VIE was submrtted to TDC which was accepted wrth a few additions by TDC 

6 2 Start of EnvIronmental Life Test of VBE 

The environmental life test of the VIE was started on 21 August 1958 and 

contrnued through 29 August 1958, at whreh time a report and tabulation of fall- 

ures to date on the equipment was submltted Since this was only a prelude to 

the final report, it IS sumMrrzed as follows: 

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

as actual electrrcal circuit failures or malfunction were concerned Several 

tube changes were required initially to obtain requrred pulse and gate wrdth 
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requ I rements The gate pedestal control requrred several adJuStn%UItS, especially 

with changes in temperature of the unit It 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 swatches are dry when they are Installed The swatch manufacturer 

had recommended that lubricant be applied to the contacts when under the life test 

cycl i ng This could be done because switchrng 28V dc,and leakage resistance due to 

metallrc partrcles,was not a problem Two types of toggle swatches were used and 

failure had to be noted in the type ST22N whrch had lrghter constructron Relay 

failures had not been analyzed since they had not farled completely Testing to 

destruction IS the accepted method of lrfe testing relays, at which time the relay 

could be opened and examrned 

After this preliminary report was submitted, it was found that the unrt 

would have to be re-alrgned before tests could continue. Crrcurt malfunction, 

due to faulty relay contact closures, gave the appearance of gain and cl ippfng 

level changes. Attempts to restore crrcurt function, by adjustment of the vari- 

ous controls, only led to unrt misalignment Replacement of the relays was re- 

qurred to verify that relay malfunction was causing the apparent crrcuit diffrcul- 

ties 

Srnce the rotary swatches rn the control box were badly worn, it was decid- 

ed to cycle only two relays K113 and KllO which had been replaced wrth a 12O’C type 

While this was being done, an effort was made to temperature stabrlrze the gattng 

circus t. 

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

tween 25’C and 50°C Gate Pedestal Adjust R116, had to be rotated 30 to 40% from 

the inrtial setting to restore operatron Tests Indicated that drodes CR106 and 
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CR105 contrrbuted most to crrcuit changes wrth temperature These diodes were 

IN198 Germanrum type, whrch showed a marked decrease rn back resistance at hrgher 

temperature A decrease in back resrstance of CR106 would alter the critical vol- 

tage difference between the cathodes of V103, while CR105 would pass gate voltage 

to the grid of V104A. Both contrrbuted to change of gate pedestal level 

To correct this situation the lNl98’s were replaced with Sylvania IN195 

silrcon drodes These diodes had a much higher back resrstance and operatrng 

temperature To provide a greater adjustment range, the wire on pin 4 of ~116 

(fixed tap) was moved to pin 3 (see Frg 19) These modifrcatrons resulted in a 

satisfactory temperature stable gate crrcur t between 25’C and 50°C Stnce field 

seTvIce reports indicate that gate adjustments were a frequent occurrence, rt was 

recommended that all existing unrts be so modified. Upon receipt of authorrzation, 

Stewart-Werner was prepared to modify the nine units from the Mldway and O’hare 

sates. which were in Stewart-Warner’s laboratorres 

Results of the re-evaluation of swrtching needs were submitted in a corrected 

and revised tabulatron of far lures These are covered in the frnal report on the 

Envrronmental Lrfe Test of VIE 

6.3 Contrnuation of Environmental Lrfe Test of VIE 

At the beginning of October 1958, all general tests on the decoder-modifier 

and power supply were completed AddItIonal tests to investrgate speclfrc areas 

were proceeding as follows: 

(a) Relay life test- 

Six relays desrgned for dry crrcuit applrcatrons were Installed in a test 

jig to srmulate coder operating conditions The relays were operated in an oven 

to simulate the temperatures encountered by the relays on the varrous sub-chassis 

The test setup is shown in Fig 20 and relay lrfe test schematrc In Fig 20A. It 

was noted that after 470,000 operations, equrvalent to 475 days, relays K113 and 
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and KllO showed no srgos of rmarinent farlure The remaining 85’~ relays continu- 

ed to fail Until conclusive data was obtarned from the lrfe test being conduct- 

ed wr th dry circuit types, it was suggested that any replacements be made with 

Allled Control 125’C, type MHB-12D relays 

(b) Rotary swatch life test 

lnvestrgatton of the life of srlver plated brass and torn sliver types of 

rotary switches indicated that with lubrtcatron, 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 

swatches was mainly a function of switchrng speeds and contact currents A specs- 

fit switch replacement program was indrcated based on the switching operating pro- 

cedure However, since the lrfe 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 field use The coin silver types would give better life in terms of constant 

contact resistance; however, the cost of these swatches was approximately frfty 

percent more than the silver plated brass types 

(c) Life Test of 12AT7WA II-I Multivrbrator Positron 

A test was proceeding to determlne the life of 12ATwA I” the vi26 multivl- 

brator position under high temperature operation The envrronmental life test in- 

dlcated 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 approxrmately 115OC The use of heat dlssrpatrng shields to reduce the 

bulb temperatures rn the tubes was berng studred The problem was further com- 

plicated by the fact that a 5687, 6 3 V at D 8A, and a 6AH6, 6 3 V at 0 45a 

were mounted directly below V-125 and v-126 The thermocouple readings indicat- 

ed this positron to have the highest chassis temperature 17AT7WA tubes in other 
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positions have shown little or no difficulty 

(,d) Select Code Tests: 

Variations in decoder output with changes in the Select Code were studled. 

The effect of delay line tap positlon variations on coincidence were Investigated 

Coincidence and Killer bus leak through, could be introducing nobse in the output 

This resulted in increasing the clipplng levels which destroyed the proportionality 

requirements during alignment Results of the alignment experience was Included in 

this portion of the tests. 

The FInal EnvIronmental Life Test Report on the Video lnterconnectlng 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 in December 1958 

and includes the addendum to Section V, Part F of the report which was submltted in 

February 1959 Section Vl of this report covers tasks number two and three in as- 

signment of 10 March 1958 

The followlng IS a tabular list of contents of the final report. 

I. OBJECT OF ENVIRONMENTAL LIFE TEST 

I I. TEST PROCEDURES 

A Descrtptlon of Accelerated Life Test 

B. Cycl ing Procedure 

C. Photograph Procedure 

D. Basis of Cycling Rates and Equivalent Days of Operation 

III.TEST RESULTS 
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IV. PHOTOGRAPHS OF REFERENCE WAVEFORMS 

A. Reference Waveforms 

B Overall comparison of Waveforms Before and After Tests 

v. ANALYS IS OF EQUIPMENT 

A. Power Supply 

B flarn Chassis, Decoder-Modrfier 

C Sub-Chassis 

Enabling Gate and Lrne Driver, Sub-chassis No 121 

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

Select Pulse Generator and Coincidence Circuit, Sub-chassis 

No 123 

C/S Coincidence and ALL A/C Keller Circuit, Sub-chassrs No 124 

ldentificatron Pulse Generator, Sub-chassis No.125 

D Video Control Unrt 

E. Control Cables 

F Relay Lrfe Test 

VI. RECOMMENDATIONS FOR IMPROVING THE STABILITY, RELIABILITY, AND EASE OF 

MAINTENANCE OF THE VIE 

1 OBJECT OF ENVIRONMENTAL LIFE TEST 

The ObJeCt of the environmental life test was to determrne the deterto- 

ration of electrrcal and mechanIca functions of the Video rnterconnectlng Equrp- 

ment AND B Type 2.3Ns4a under conditions srmulating two years of normal opera- 

tron. The deterroration of the electrrcal characteristics of crystal diodes, re- 

sistors, capacitors, lamps, and electron tubes under hrgh ambient operatrng 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, relrabllity, and ease of maintenance. 
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II. TEST PROCEDURES 

A. Description of Accelerated Lrfe Test 

Normal Operation: Equrpment set up s)t room temperature 25’C & 5’C, 

50 * 3 percent relatrve humidrty Equrpment to operate dt nomrnal line power vol- 

tage, frequency input, output load conditrons, and operating frequency for two 

hours. 

Reference Test Data 

Input, Line voltage- 115V regulated, 360 watts 

Radar vrdeo- 2V posrtlve, 10 u set duration 

Beacon VI deo- VIE Code 00, 77, 52, 25, 

0.5, 1, and 2V positive pulse, 500 pps, 

0.45 * 0 10 u set wade 

Radar trigger- 20V positive, 0 5 u sec. pulse 

Beacon trrgger- 5V positive, 1 u set pulse 

Output. Power supply, voltages and currents 

+15ov, 120ma, +25ov, 130 ma; 

-12 5V, +28v, 0 78; -200v 

NOTE 

Reference to CF, rn the following descrrption 

for test points, Indicates 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 - Output of all A/C krller CF, V-124B, pin 8 

53 - Output of beacon CF, V-IIOA, pin 3 

59-I - Output of beacon CF, V-105, pins and 3-6 

72 - ALL A/C decoded video output at J-115 
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Beacon VI deo Waveforms c/s - 

Test Point 

17 - C/S coincidence bus, TB-107, plates of CR-117 and CR-118 

20 - Output of C/S killer amp,, V-129A, pin 1 

59-l - Output of beacon CF V-109 pins 3 and 6 

72 - C/S decoded video output at J-115 

Select A/C 

21 - Select A/C coincidence bus, plate of CR-119 or J-123-1 

22 - Select A/C killer bus, plates of CR-151 and CR-154 

26 - Output of select A/C killer CF, V-112B, pin 8 

34 - Select A/C second pulse output at J-123-24 

59-l - Output of beacon CF V-109 pins 3 and 6 

72 - Select A/C decoded video output at J-115 

ldent A/C 

21 - Same as Select A/C 

22 - Same as Select A/C 

26 - Same as Select A/C 

34 - Same as Select A/C 

45 - Output of cathode follower, V-117A, pm 3 

51 - ldent A/C decoded output at J-122-24 

48 - Output at plate of trmtng amp , V-120, pin 6 

49 - Output of dunkrng pulse generator, V-122,pin 1 

Beacon Mixer 

53 - Output of beacon CF, V-IlOA , pm 3 

70 - Input to plate of gating diode, CR-106 

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

Test Point 

60 - Input to grid of trrgger amp , V-125A. pin 2 

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

65 - Input to grid of timing amp , V-101, pin 1 

68 - Input to gate generator CF. V-104B, pm 7 

70 - Input to plate of gating drode, CR-106 

High Temperature Operation: Temperature, 50°C plus 5OC, minus OOC, not 

with less than 90 percent relative humidity Equipment to operate at 

nominal lrne 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 Cycl ing* Followrng the two hour high temperature conditioning run, 

equipment shall be subJected to a serves of test cycles while operating 

in a steady state amblent temperature of 50°C plus 5’C, minus O’C, WI th 

relative humldrty to be not less than 90 percent 

Test Cycling Schedule: (See Figure 21 and Table III) 

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 unrt 

will then be replaced and the tests continued In the event of other com- 

ponent or tube far lures, the circuit concerned will be restored to its nor- 

mal operating conditron and the tests continued A record is to be kept of 

all farlures or malfunctioning of circurts Degradation of circuit opera- 

tion will be recorded and the minrmum level of satrsfactory equipment func- 

tion WIII be observed 
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Table II I Toggle and Rotary Switch Cyclrng 

Functron 

ldent A/C - On 

Raw-Decode - Check 

I Selected Code - On 

I Se1 ect Code 

Operation I Freauency Per Hour* 1 

Standby to On 
Standby to Off 

c/s to 
ALL A/C 

2 
2 

200 

400 

Raw 60 
Check 60 

400 

o- 7 Outer Ring 400 
o- 7 Inner Ring 400 

Radar Only-Mlxed- 
I 

Radar Only - To 
Deacon Only - Beacon Only 

Range Selector 6 Mi. to Remote 60 

Beacon Video Gain Ful I CW and Return 10 

(A See Note Figure 21) 
-I 

B Cycl inq Procedure 

The equipment was operated on a nearly continuous basrs from 

Aug 21, 1558 through Ott 8, 1558 From the start of the test all con- 

trols and switches were operated automatically by the cycling drove 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 obtalned by recording the rotary 

switch drove motor operating time This was possible since the drive mo- 

tor operated at nearly synchronous speed due to the lrght operating loads. 

During the test the drive shafts to the rotary switches were uncoupled at 

intervals to provrde the required total operations The drive rate was 
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very nearly the recommended rate of 12 cycles per mrnute as specrfred in 

NIL-S-3786 while msIntarning 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 25OC In accordance with test cyclrng schedule (see Figure 21). 

C Photoqraphinq Procedure 

The reference photographs (Figures 22 to 27 and 28 to 33) taken 

at the beginning and end of the lrfe test, are reproduced in this report 

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

camera records a mrrror image of the waveform and, therefore, the trme 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, 1558. 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 In mind that the basrs for equivalent days of 

operation for any failure are based on the expected operations per hour of 

that partrcular function or switch. 

However , the followrng 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-OFF-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-DEACON ONLY. 6 times per hour 

RANGE SELECTOR 2 trmes per hour 

These are rates that we have determined from data furnrshed by TDC 

and the New York Center. Any substantral deviation from these rates will 

be reflected in a change of equivalent days of operation in the life test 

It IS not possible to assrgn any equivalent days of operatron to components 

which operate continuously such as tubes, panel lamps, etc other than the 

actual days of operation, totaltng 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 ~108-113. 

111 TEST RESULTS 

The following sumnary lrsts the difficultres encountered In the 

EnvIronmental Lrfe Test of the Video lnterconnectrng Equipment Equipment and 

component failures, the nature of the failure, the steps taken to restore oper- 

ation of the unrt, and the equivalent days of simulated operation are tabulated. 

These test results, form the basis for the analysts of the equipment and the rec- 

ommendations that follow in Sectron VI 
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Switch or Function 

Raw-Decode-Check 

Select Code Rotary 
lubrication 

- MI xed-Beacon 

Range Selector 

Ralay KlOg contact failure 
tion wired in 

Gate pedestal adjusted 

Select Code Rotary 

- Mixed Beacon 

Table IV Suramary of EnvIronmental Life Test Results 



At 50°C W-95% RH Equivalent Days 

Gate pedestal adJusted 

All switching dlscontlnued All rotary 
switches 
badly worn 

At 25'C 50% RH -- 
- 

1/28/58 Select A/C x 

Select A/C x Select 
clipper adJ 

KllQ-B1 Relay x 330,000 330 Replaced 

K113-A, Relay 

c ) ::I,' ~~1~~~ A/C Relay 1 x 

330,000 

111 ~~~~~~~~;.; 80,000 

Table IV Summary of Environmental Life Test Results (cont.) 



Equivalent Days 

Switch or Function 

KlO5 Relay Select A/C 

Table IV Sumary of Environmental Life Test Results (cont.) 



late 

l/II /58 

VIZ/58 

b'l5/58 

S/16/58 

At 25Oc 50% RH 
Switch or Function 

Se1 ect 

CS, All A/C 

Gate pedestal adJusted 

K113 & Kl IO only, started 
cycling 

At 25'C 50% RH 

Gate adJusted 

Unit operatang satisfactorily 

WI14 2nd Select pulse amp 

AdJust 2nd Select pulse amp. 

Adjust gain and clipper 

Range Switch 

Unit operating satisfactor8ly 

Unl: operatina 5atlsfactorfly 

Gate circcnt modified 

Type c -_ 
Elec. 

Fal lure 

Mech. 

AdJUSt. 
Req’d 

x 

x 

x 

Total 

Operations 

15,270 

:quIvalent Days 

of Operation 

635 

Comments 

Rep1 aced 

Repaired b 
parallelin 
2nd deck 
-- 

Table IV Sumrrary of Environmental Life Test Results (cont.) 



I 9/24/58 

At 50% 50% RH Type Of Faliure AdJust. Total Equivalent Days 

Switch or Function Elec Mech Req'd Operations of Operatlon Comments 

Unit operating satisfactorily 

VI26 x Replaced 

Unit operating satisfactorily 

Unit operating satlsfactorlly 

At 25% 50% RH 

Unit @pePaCIng satisfactorily 

200.000 I 195 OK 

R252 Raw Video Ea8n 

Relay KlO7 Decode-Raw 

Gnit oparatlng satlsfactor1 ly* 

x 

x Adjusted 

2.700 7 yrs Stlcklng 

*Except for relays previously indisate4 as faulty but not replaced 

Tabje iv Sumnary of Environmental Life Test Results (cant ) 



Table IV Summary of EnvIronmental Life Test Results (cant ) 

Power Supply Voltage Readings 

Test Points Junction 

Note: All readings taken from points indicated to ground using a 20.000 ohms- 

per-v01 t voltmeter 

IV 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 

IS from right to left 

Since it would not appear practical to completely analyze circuit deflc- 

lencles using the reference photographs, SectIon V presents conunents and recom- 

mendations which are based on failures and changes encountered during the life 

test They are broken down Into Power Supply, Maln Chassis, Sub Chassis, and 

Control Box, and discussed in that order 

B Overall Comparison of Waveforms before and after Tests 

Careful comparison of all photographs revealed only small amounts of 

cl rcuit degradation In all cases discernible changes could be traced to tube 
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aging, a tube replaced during the life test, or slight variations !n alignment 

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

after a high humidity-high temperature run The following IS a tabulation of 

changes noted 

TableV Percentage Change rn Amplrtude, after Life Test 

Amplitude After Life 

Output of V105, vlO6, and VI07 down 

utput of ~105, ~106, ~107, and vlOg 

Output of ~105, ~106, and V107 down 

R18g gain adjusted 

R18g gain adjusted 

a Indicates video Input volts 
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Table V Percentage Change III Amplitude, after Life Test (cant ) 

R290 gain adjusted, V129 weak 

Poor alignment orIgInally 

Decay time l-l/W, V125 replaced 

Pulse length increased 56% 

d 3 X, diode change 

Poor alignment orlglnally 

V129 gain down, replaced 

Limiter set lower 

Llmlter set lower 

lmiter set lower 

elndlcates video Input volts 
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V. ANALYSIS OF EQUIPMENT 

A Power Supply 

Three changes were made on the power supply before the start of the 

1 ife test Lamp voltage dropplng resistors ~268 and R269 ware changed from 68 

ohms, 1 watt to 390 ohms, 2 watt to lengthen pilot lamp life, Resrstor 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 drssrpation, 

and consequently changing its resistance value. This caused the minus 200 volt 

reference voltage to fluctuate With reslstor 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 In the power sup- 

PTY No difficulty was experienced with the thermal delay relay, K302, under any 

operating condrtion Freld reports had lndlcated that this relay was causing 

some equipment malfunction 

6 Decoder-Modifier, Maln Chassis 

Lamp resistors ~268 and R7.69 were changed from 68 ohms I watt to 390 

ohms 2 watts to Increase pilot lamp life No further problems were encountered 

on the maln chassis. 

C Sub-Chassis 

Enabling Gate and Line Driver, Sub-chassis No 121 

This sub chassis contains the gate crrcult modification described rn 

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 ambrent, the chassis 
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temperature near the top reached 109’1. At 25% ambrent, th! s was reduced to 

84’C With a total of nine tubes, mounted in an area 2-1/2rnches by 8-l/2 

inches , there was llttle 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 dlsslpating tube shields It is reconunend- 

ed that IERC TR6-6020H tube shields be installed on tubes V107, ~126, and Vl25. 

No other cause of reduced tube life, could be found in the circuits associated 

with VI25 and ~126 

Radar Beacon Mixer and Decoder Mixer, Sub-chassrs No. 122 

There were no modiflcatlons made on this sub chassis The only pro- 

blems encountered during the life test, were failure of the All A/C relay K104, 

and the Select relay K105. These relays failed, as the contact resistance In- 

creased from a few tenths to several thousand ohms Fatlure occurred at 80,000 

operations for both relays These relays were All red Control Company, type MH-12D, 

rated at minus 55 to plus 85’c, 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 Fife test, it was found that the re- 

sponse of the unit, In the RAW VIDEO posltion, varied with the change in coding 

In adjusting the unrt to meet proportionality requirements at 0 5 volt input, 

Code 00, the signal leak-through, wrth Code 77, was above limits. Adjustrng the 

limiter potentiometer decreased the leak-through of the signal, but this tin turn 

reduced the Code 00 output below the 2 volts lrmrter value. IncreasIng the gain 

control, increases the pulse width, to a point where the pulse spacings are elim- 

inated 

Observatrons of the pulses at the end of the delay line Z-101, indlcat- 

ed that the pulse amplitudes varied with different codes At Code 00 the 
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amplitude was 1 6 volts, whereas the average amplitude for Code 77 was about 2 8 

volts This condition was found to be due to the loading effect on the delay 

llne of the killer bus resistor R&O (1000 ohms) through - 12 5 volts to ground, 

RI79 (1000 ohms), the ALL A/C Killer bus to ground, and R672 (680 ohms), the al- 

ternate Keller bus, to ground. Unloading the delay line, when It IS used to pass 

the RAW VIDEO signals by removing the above resistors, resulted in the followlng. 

1 All codes were passed through the delay lrne with equal amplitudes 

2 Proportionality requirements were easily met with no critrcal ad- 

Justments. 

3 The RAW VIDEO output pulses from the decoder were of similar 

shape, width, and amplitude regardless of code setttng 

Modification of the unit Involves the moving of relay K107 (DECODE- 

RAW VIDEO) to the main chassrs and the use of the three unused relay poles This 

modiftcatlon unloads the delay line in the RAW VIDEO posltion of relay K107 and 

restored the delay line loads at the DECODE position Fig 35 shows the wiring 

changes requ 1 red This involves the following changes. 

(1) The addition of nine additional wires (three per relay pole) and 

four standoff terminals 

(2) Reposltloning former wlrlng of relay K107 

(3) Relocating four resistors to posItIons on the K107 terminals and 

bracket, (see Fig 36) 

Modification, alignment, and test of the unit, Indicated Improved per- 

formance could be obtained without affectrng exrstlng circuit operation 

Select Pulse Generator and coincidence circurt, Sub-chassis No I23 

There were two problems encountered in sub-chassis I23 One was the 

failure of code relays K108 through Kll3 which would develop intermrttent high 

contact reststances 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 krller 

would become inoperatlve These were again Allled 85’~ type, and will be discussed 

under the relay life test sectton 

The second problem concerned the appearance of noise at the video output 

on the 200 mile range This was caused by a slrght positive overshoot of the 

second select pulse before it traveled the round trip on the 20 3 u set delay 

1 me, DL102 This posrtive overshoot appeared at the grid of VI14 (see Figure 37) 

Since it was posttlve, it would not be removed by the cllpping network, RI90 and 

diode CR142 By lengthening the time constant of coupling network, Cl95 and R187, 

the overshoot was ellmrnated and the no1s.e was removed To Increase the time con- 

stant, change RI87 from IOOK ohms to one megohm. This change In no way affects 

the operating point of the tube or Its bias 

C/S Corncldence and ALL A/C Killer Circuit, Sub-chassrs 124 

No problems were encountered with sub-chassis 124 

ldentiflcation Pulse Generator, Sub-chassis 125 

The only drfflculty experienced with sub-chassis 125, was durrng 

alignment, when attempting to extend the Ident pulse to the proper length for 

each range Replacing VI22 and adJustIng Cl32 corrected this condition It was 

necessary to adjust Cl32 again, when the unit was re-aligned during the test, to 

compensate for tube agelng characteristics Variations In tube characteristics 

affected the multIvIbrator tame constants 

D Video Control Unrt 

Except for lamp resistor R407, 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 R407, Increased the life of the edge lighting lamps, 

particularly the code lamp MechanIcal troubles encountered were, breakage of the 

toggle switches and contact wear of the rotary swatches 
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The toggle switches were found to last anywhere from 11,500 operations, 

to an excess of 150,000 operatrons. The lighter constructron type, ST22N, used 

rn the Select code and ldent A/C 9S.404 and S405) posrtrons, failed short of the 

desr red two year 11 fe When failure occurs at the rnstallation they should be 

replaced wrth a heavier duty type, ST52N. The remaining toggle switches are a 

heavier type, and srnce they are used fifty percent less than swatches S404 and 

S405, no trouble should occur 

There is no definrte answer to rotary switch wear As mentioned in 

the Irfe test sumnary, failure may be expected after 60,000 operatrons even with 

lubrrcation The RADAR ONLY-MIXED-BEACON ONLY switch, will last the desired two 

years since It IS used only six trmes per hour The RANGE SELECTOR switch, 

which is used only twice per hour, wrll also last without drfficulty The SELECT 

CODE rotary switch however, may not last one year. It would be benefrcral If the 

switches were lubrrcated every four months, at whrch time inspectron of wear 

could be made and swatch life extended by this procedure. There is no switch of 

a simrlar constructron, 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 thus time, a four month Inspection and lubricatron program of 

rotary swr tches, rn the control box, is the best answer Standard Oi 1 Company, 

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

E. Control Cables 

NO dtfficulty was experrenced with the control cables Due to the 

method of control swrtching employed, the effect of drops in the cabling drd not 

affect unit performance 

F Relay Lrfe Test 

Relays proved to be the source of most failures in thus 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 condrtrons, does not permrt the flow of current 

The none units received for alignment, contarned 22 per unit, of 

85'c, type MH-l2D, Allied Control relays In fact, there was a mrxture of 85’C 

types Thus was in disagreement wrth Farnsworth’s part list, which indicates 

-55’ to l25’C type MHB-l2D relays. It has been found that the 85't type would 

not be durable rn a 5@C ambient temperature Since the relays continued to 

fail wrth drfferent total operations, but at about the same time, It was probable 

that the failure resulted from an organic film, rather than from tarnished or 

pr tted contacts In the relays examrned, there was a thin film deposited on the 

contacts that were used for the vat-rous cr rcur ts. 

In an ‘effort to find a suitable dry circuit relay, a lrfe test of four 

different types of relays began on October 27, 1958 and was concluded on February 

3, 1959 At that trme, the relays had been cycled one mrllion times 

The resrstance values indrcated are for each pole of the relay turned 

both “on” and “off” In the cycling test, readrngs were taken at 10,000 opera- 

tion intervals For every readrng, each relay was operated several times, and 

the hrghest resistance value in each posrtion was recorded Table VII condenses 

thus 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, resrstance values 

of less than 0 5 ohms are not consrdered srgnifrcant Contact resistances of 

less than IO ohms should not effect equtpment performance in these dry crrcult 

applicatrons 

At the conclusion of the test, the relays were drsmantled and each re- 

lay was examrned under a mrcroscope TableVI lrsts the failures that occurred 

during the test, and the reason for it, based on visual Inspectron. In addition, 

the following InformatIon noted about each relay may prove helpful 
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Relay No 1 The Union Switch and Stgnal relay has radially mounted 

poles with contact edges perpendicular to the base. They are actuated by a ro- 

tating armature A soft carbon-lrke substance was found to have collected on the 

contacts, but It is apparently not 

Relay #OS 2 and 3. Al 1 

the base. Actron of the armature i, 

detrimental to contact conductance 

red relays have contacts which are parallel to 

s up and down. This relay woutd not be most 

suitable for mounting In an uprrght posrtion, since any debrrs could not fall free 

of the contacts 

Relay Nos 4 and 5 Filtors relays have uprtght contacts, activated by 

a rotatrng armature A slrght amount of contact pitting was noted, but no residue 

was left 

Table VI Analysrs of Farlures 

Comment 

Evaluatron of Data: Consrderrng that a contact resistance of less than 10 

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

ed the I ife test Relay No. 3 tomes close to this criteria, but might show some 

circus t degradation, srnce a maximum contact resistance 16 ohms was noted on Pm 

11 

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

Frltors Inc , type ~~WDKI~S, relay, and socket assembly WDK12 Thus plug-in 
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type, wrth the socket mounted from above the chassis, offers the advantages of 

direct mechanIcal and electrical replacement for all Allied relays, K102 through 

K123, nw used in the equipment 

Performance of the two Fr I tors Inc relays in the life test confirms 

thus decrsion. The fatrgue farlure 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. In addition, srnce the socket will 

fit firectly rn exrsting mountrng holes, installation is much sampler than for 

the other plug-in types. 

Conclusron: For future equrpment needs, the relays which are best 

suited should be specified The Union Swatch and Signal relay performed well 

throughout the test. It is a SIX pole plug-in type of slrghtly larger size than 

the Frltors or Allred types Only one unit was available for testing, and so data 

may not be conclusrve It requires a l-l/8 inch mountrng hole 

The All red Control relays performed better in the lrfe test than they 

did in the unit Even so, high contact resistance continues to be a problem. 

The mounting socket requrres one inch mountrng hole, but needs l-3/16 inches clear- 

ance above the chassis. 

The Frltors Inc relays are avarIable rn four or SIX pole plug-In types 

The No 4, four pole type tested here, proved satrsfactory The socket requires 

a one inch mountrng hole, making 1 t surtable for compact equrpment 

The Guardian Electrrc relay performed very well but is not of the plug- 

I” type It is also physrcally larger than any of the other relays, measurrng 

l-3/16 x l-3/16 x 2 Inches If space problems are not crItIcal, and the plug-in 

feature were not desired, thus relay would be surtable 

The plug-In feature of the Filtors relay increases the prrce only 

slrghtly, and permits raprd future servicing of the equipment, should another 
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failure occur This feature would be especrally desirable for the code relays 

K108 through Kll3, so that they could be Interchanged perrodrcally to equalrze 

the number of operations performed On any equrpment to be burlt rn the future, 

it would be advisable to use plug-In type relays 

The two remarnrng relays KlOl and Kl24 are Frltors Inc , 6PDT, type 

26~~18~. The suffix B appears on the relays in the units, but not on the parts 

list, whrch indicates that they are a specral type. Srnce these relays are rated 

from mrnus 65 to plus 125’c, and are apparently a specral order, they may be sat- 

isfactory No trouble was noted during the I ife test cycl rng of KlOl However if 

failure occurs, we recommend replacement wrth Frltors plug-in relays, type 26WDK- 

185, and WDKl8 socket assembly. Thus is the type that should be used for dry 

crrcuit 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 perrodrcally In thrs 

sectron a summary of the recommendatrons wrth the reason for the recommendatrons 

are lrsted 

RECOMMENDATION 

I Install 350 ohm 2 W carbon reststors 

In series wrth power supply and de- 

coder-modrfrer rndrcator lamps, rn 

place of 68 ohm reststors. 

2. Install 55K, 20 W wrre wound resistor 

in place of 56~ 2 w composrtron re- 

srstor, R301, in -200 volt reference 

REASON 

I Extend pilot lamp 1 rfe 

while marntaining suffi- 

crent rndrcator bright- 

ness 

2 Stabilrze power supply 

output voltages due to 

overheattng of 2 W 
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RECOMMENDATION (cant) REASON (cant) 

2 (cant) 2 (cant) 

supply. resistor dissrpatrng over 

2 4 watts 

3. Move 115V input on T3O2, from 3. This ~111 reduce the 28 

pin 3 to pin 4 volt DC supply voltage to 

approxrmately 26.5 V DC and 

29 5 V RMS which will pro- 

vide longer relay coil and 

pilot lamp life Origlnal 

tap posrtion resulted In a 

measured 28 V DC and a 32.5 

V RMS value. 

4. Use of a constant voltage line 4 This will maintain power 

power regulator. supply voltages withrn the 

rated I imr ts 

5 Toggle switches of the ST22N 5 The heavier construction of 

types, (S404, S405), replaced the ST52N type will provide 

with ST52N types when switches greater 1 I fe 

fall 

6 Rotary switch contacts should 6 Swatch lrfe will be extend- 

be lubricated and inspected for ed and immanent failure de- 

wear every four months Beacon tected 

M325 grease made by the Standard 

Oi 1 Co IS recommended. 

7 Control box edge lightrng and 7 Extend edge lighting and 

code lamp dropprng resistor code lamp lrfe whrle 
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RECOMMENDATION (cant) 

7 (cant) 

R407, 5 ohm IO watt changed to 

20 ohm 5 W wire wound resistor. 

8. Stabilrze the Gate Pedestal Adjust 

crrcuit operation by changrng 

CR105 and CR106 from IN198 ger- 

manium types, to IN195 srlicon 

point contact types. The wire 

from pun 4 of RI16 (the fixed 

tap) IS moved to pin 3. 

9. Heat drssrpatrng tube shields 

IERC, Type TR-6020H, should be 

Installed on tubes W-125, V- 

126, and V-107 

10 Change Select Second Pulse 

Amplifier grid bias rests- 

tor, R187, from 1OOK to IH. 

REASON ( con t) 

7. (cant) 

maintainrng sufficient il- 

luminatlon 

8. At the hrgher ambrent tem- 

perature and normal operatlng 

temperature rises, the germa- 

nium drode cheracteristrcs 

shaft causing a Gate Pedes- 

tal change The high temper- 

ature sIllcon diode IS more 

stable in thus conditron and 

does not show thus Gate Ped- 

estal level change 

9 These shields reduce the 

tube bulb temperatures and 

contribute to longer tube 

life and stable operatron 

It IS possrble that at the 

hrgh ambient temperatures, 

manufacturer’s ratings may 

be exceeded unless steps are 

taken to reduce these temper- 

atures 

10 Pulse overshoot wrth noise 

superimposed by the delay 

line on the 200 mrle round 

trip posltion causes this 
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RECOMMENDATION (cant) REASON (cant) 

:0 IO (cant) 

norse to appear in the out- 

put Removal of the over- 

shoot brings this noise be- 

low the base 1 ine and el imin- 

ates it from berng amplified 

and appearrng In the output 

II Relocate and rewire RAW VIDEO- II Thrs change provides a means 

DECODE relay, K-107, to pro- of unloadrng the delay line 

vrde Improved raw video output DL-I 01 This allows the raw 

video pulses to pass through, 

wlthout changing amplitude, 

when different codes are se- 

lected Raw video pulses 

thus appear nearly equal In 

amplitude, width, and shape 

12.(a) Relays K102 to 123 of the 

Al I ied MH-l2D type, replac- 

ed with Filtors Inc , type 

26WDK12S relay, and WDK12 

relay, and WDKl2 socket as- 

sembly when relays fail 

(b) Relays KlOl and K124 of the 

Filtors Inc , type 26SM18B 

replace wr th Frltors Inc 

type 26WDK18S relay, and WDK 

I8 socket assembly, if these 

relays should fail 

I2 (a) Allied relay has only plus 

85’C rating, and will not 

stand up at htgh tempera- 

tures Direct replacement 

plug-In type are easier to 

service 

(b) Drrect replacement plug-In 

type are easrer to service 
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TABLE VII RELAY LIFE TEST (RESISTANCE - OHMS.) 
-- 

NUMBER OF OPERATIONS O-50M 50-IOOM IOO-150M l50-200M 200-25OM 250-300M 300-350M 
- 

POLE 
NO. RELAY TYPE NO ON OFF ON OFF ON OFF ON OFF ON OFF ON OFF ON /OFF 

I UNION SWITCH AND I 15 18 I8 18 18 18 18 18 18 18 18 18 18 18 
SIGNAL UN324362 2 '15 18 '18 I8 :I8 18 :18 
STYLE DH 26.5 V 

.I8 18 .I8 18 18 18 18 
15 18 1.0 :I5 1.0 18 I.0 

-65'c +125'C : 
I8 lo 18 10 

:I5 18 15 I5 I8 .18 I8 :I8 18 I8 18 18 18 18 
18 1 0 I8 

5 2 2 :18 '18 .I8 .I8 I8 .I8 18 .I8 I8 18 18 18 

ONTROL CD.INC 

ALLlEO CONTROL CO INC 

5 FILTORS INC. 4 15 I8 .I8 I8 18 .I8 I8 10 ': I8 18 18 19, .lP 
26WDK12S 265V IO 15 1s I8 18 .I8 18 .!8 .18 1; 18 '18 .18 -18 :a 
LOW LEVEL 65°C 9125% 1s 15 I8 :I8 18 I8 18 18 18 18 
SERLAL NO 98706 

.I8 18 1C 18 18 

19 15 18 18 :I8 .I8 I8 'I8 '18 1% I8 '18 .I8 .I8 18 

6 E;JAROIAN ELECTRIC .21 2 
NFG. co. : 21 2 
G-5700 9 21 2 

12 21 2 .18 .I8 18 I8 
15 21 .2 
18 21 2 



TABLEVII. RELAY LIFE TEST (RESISTANCE - OHMS) (cm) 

NUMBER OF OPERATIONS 50M DOM 50n - 

OFF ON 

50n - 

OFF 

650 

ON 

2 
2 

1 2 
.2 

2 
.2 

oon - 

OFF 
- 

2 
.2 

2 
2 
2 

.2 

ON 

:: 
I 0 

2 
.2 
.2 

500' 

ON 

2 
2 

1.0 
2 

.2 
2 

.2 

.2 

.2 
2 

5: 
.4 

3 

.4 

.4 

.3 
3 

::: 
4 
6 

NO. RELAY TYPE 
POLE 

NO. OFF OFF 

1 

- 

2 

- 

3 

4 

- 

5 

UNION SWITCH AND 
SIGNAL UN324362 
STYLE DH 26.5 \I 
-65oc +I 25% 

I 
2 

i 

2 

9 
II 
12 
14 

18 
:I8 

I8 
.I8 

18 
18 

- 

18 
18 

'18 
18 

.2 
3 

.2 
2 
2 

.2 

2 
2 
2 
2 

‘2 
.2 

:I8 18 '18 18 'I8 18 

I.0 .I8 I 0 
I8 I8 
18 :18 

18 
:I8 

18 18 18 

.3 
2 
2 
3 

.6 

.2 

; 

.2 

.2 
4 
2 

ALLIEO CONTROL CO INC. 
MMBUO-12D 26 5 V 
CODE AS348 

ALLIED CONTROL CO. INC. 
MHBUQ-12Q 26 5 V 
CODE AS348 

F 1 LTORS I NC 
26WDK12S 265V 
LOW LEVEL -65% +125% 
SERIAL NO 98707 

9 
II 
12 
14 

4 
lo 
13 

18 
18 
18 
I8 

- 

18 
18 
I8 
18 

18 
5 
18 
18 

I8 
18 
I8 
I8 

8 
.2 

18 
‘I8 

2 
3 
2 
2 

$4 
3 

i 

.2 

. 4 

.2 
2 

-- 

.3 

: 
3 

I8 
2 
I8 
I8 

4 
IO 
13 
19 

.18 
I8 
18 
I8 

7 
.I8 

18 
'18 

I8 
:I8 

I8 
:I8 

4 
5 

t 
-- 

4 
4 

-5 
4 

.4 
5 

‘4 

:: 
4 

-- 

.4 
4 

:: 

z 

FDLTORS INC. 
26 WDK 125 26.5 V 
LOW LEVEL -65% +125% 
SERBAL NO 98706 

GUARD IAN ELECTRP C 
MFG. CO. 
G-5700 

6 
i 
9 

12 
15 
18 

18 
I8 

:@I 
18 

.I8 

.I8 

.18 
18 
I8 
18 
2 
2 

.18 
18 

'18 
18 
2 

* 18 

.4 

.4 
.5 
6 

z 



TABLEVll. RELAY LIFE TEST (RESISTANCE - oHbis)(coOt) 

MHBUO-I20 26 5 V 

SERSAL NO 98707 

WARDIAN ELECTRIC 



6 5 Modlflcatlon of Video InterconnectIon Equipment ANDB Type 2.3 NSk 

For Raw Video Operation 

In the FInal Report on the EnvIronmental Life Test of the Video Intercon- 

nectlon Equipment, recommendation number 11, recommended that RAW-DECODE relay, 

K107 be relocated and rewired to provrde Improved raw video output 

This modlflcation consisted of removing relay Kl07 from Radar Beacon Mixer 

and Decoder Mixer, subchassis number 122, and relocating it onto the Decoder Mod- 

ifler main chassis This included the necessary rewiring, adding wires, and re- 

locating four resistors. Also the tube shields for V107, V125, and ~126 were re- 

moved and replaced with type 1ERC TR6-6020H tube shields 

This change provided a means of unloading the deiay line DLIOI, and allowed 

the raw video pulses to pass through wlthout changing amplitude when different 

codes were selected Therefore the raw video pulses appeared srmllar In amplitude, 

width, and shape regardless of code setting 

A modlficatlon was performed on one unit In Stewart-Warner laboratorles and 

the procedure was recorded Th 1 s procedure, with a parts list, was submitted to 

FAA for evaluation 
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CONTl?OL BOX CYCLING MECHANISM ---- 

ROTARY SWITCH DRIVE 

TIMING 
DRIVE 

ORIVE GE 

TO PROVI 

DES1 RED 

,I COUPLINQ 

ARS 
DE 

ROTAT ION 

NOTE. GEARS ARE 

DISENGAGED AT 
APPROPRIATE INTERVALS 
TO ACHIEVE CYCLING 

RATE DESIRED 

TO ROTARY 
SWITCHES 
ON CONTROL TOGGLE S 141 I I c:H DR I V E 

BOX 

ECCENTRIC 
CAM 

DRIVE 

SLOT 

FOR / 

SW IIA HDLE 

g 

O- 

t 
oo” 00 

GEARHEAO 
DRIVE 
MOTOR 

n 
MOUNTING PLATE 

1 F ACT ACTUAT INr; 

4 0AP 

SW DRIVE 

CONTROL POX 

NOTE. SW DRIVE PLATES ARE REMOVED AT APPRO 
INTERVALS TO ACHIEVE CYCLING RATE UESIREU. 

Figure 18 Control BOX Cycll ng ilechana sm 
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last VIE circuit Oscl I Ioscclpa Uawfonl 
Point Descrlptloa Cmdttloas Wdlv. us/div. vidao Input Volts 

B. Output of line ON 10.0 5.0 2.0 0.5 1.0 
driver, V-107 and 
Input to deusdlng 
Ilnas 

9. Ail A/C coinci- 1.0 5.0 
denco bus, sub- :L A/C-ON 

charsIs 124. plate CODE-SO 
of dlodos CR-127 
and CR-129 

17. C/S coincldance 5.0 5.0 
bus, TEHO7, %ON 
plates of dlodos 
CR-117 and CR-118 

20. Dutput of c/s ffl 
killer mmliflar. C/S-ON 
V-iru, pirta - CDDlt-50 
pin 

Figure 22. Reference Waveforms, Before Environmental Life Test 



rest VIE Circuit Oscllloswpe Waveform 
Point Description Conditions V/dlv. us/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 dloda 
CR-119 or J-123-1 co:oE-ss 

22. Select A/C killer ON 5.0 5.0 
bus, subctussls SELECT A/C- 
123. plate of 
diodes CR-151 KDE-55 
and CR-154 

26 Output of Selat ON 2.0 5.0 
A/C killer cathode SELECT A/C- 
follower, V-1128, ON 
pin 8 CODE-55 

34-l. Select A/C sacond ON 1.0 5.0 
pulse output at SELECT A/C- 
J-123-24 ON 

CODE-50 
RANGE- 60 
mi1.s 

34-2. Sama as 34-l. ON I.0 5.0 
SELECT A/C- 
ON 
CODE-50 
RANGE- 200 
miles 

Figure 23 Reference Waveforms, Before Environmental Life Test 



‘at VIE Circuit OsciIloscope Waveform 
'01 nt Description Conditions V/div. ur/div. Video Input Volts 

6. Output of cathode ON 10.0 2.0 
follower, V-ll7A, IDENT A/C- 
pin 3 ON 

CODE-50 

I 0 Is0 

la-l. Output at plate of ON 20.0 2.0 
timing anq8llfler, IDENT A/C- 
v-120, pin 6 ON 

CODE-SO 
RAwtx- 6 
ml 18s 
I/P 

Output of dunking ON 10.0 5.0 
pulse generator, IDENT A/C- 
V-122, pin I ON 

RANGE- 60 
miles 

il. ldant A/C decoded ON 2.0 10.0 
output at J-122-24 IDENT A/C- 

ON 
CODE-SO 
RANGE- 200 
miles 

;3. Output of beacon 0.5 2.0 
cathode follower, EL A/C- 
v-IIOA, pin 3 ON 

CODE-SO 

Figure 24 Reference Waveforms, Before EnvIronmental Life Test 



sst 
'oi nt Dsscrlption 

VIE Circuit Osci I loscope Waveform 
Conditions V/dlv. ur/div. Video Input Volts 

9-I. Output of video ON 
output cathode 
fol iwer, V-IGS, 
pins 3 and 6 or 
J-l 22-8 

ALL A/C-ON 
CODE-SO 
BEACON ONLY 

,o. Input to grid of ON 
trigger a+ Ifler, 
V42SA. pln 2 

'2. Plate output of ON 10.0 2.0 
multlvibrator, GATE DELAY- 
~-125~. pin 6 Mi nlmum 

15-i. Input to grid of ON 2.0 5.0 
timing ampi Ifier, GATE DEIAY- 
V-101, pin I Minimum 

RANGE- 30 
miles L 

IrnIrn 
,-!!m!!! 

G-2. Same as 65-l ON 2.0 5.0 
GATE DELAY- 
Minimum 
RANGE- 200 
miles 

Figure 25. Reference Waveforms, Before EnvIronmental Life Test 



68. 

70-l. Input to plate of ON 1.0 50.0 
gating diode, GATE 
CR-106 DURATION - 

Hinlmum 
RANGE- 30 
miles 

70-2. Sata as 70-l ON 0.5 50.0 

71-l. Output of gated ON 0.5 5.0 
output cathode GATE --m-m---- 
foilarer. V-b&A. DURATION 
pin 3 Minimum 

MNGE- 30 
ml Ies 

72-I. Al I A/C decodad 1.0 5.0 
vldeo output at !L A/C- --- 
J-l I5 ON 

Test 
Point Description 

VIE Circuit Oscilloscope Waveform 
Conditions V/dlv. us/dlv. Vldao Input Volts 

Input to gate ON 10.0 50.0 2.0 0.5 
ganarator cathode GATE 
follower. V-1048. DURATION - 
pin 7 Minlmutn 

1.0 

GATE 
DURATION - 
t4inlmum 
RANGE- 200 
miles 

CODE-50 
RANGE- IO 
miles 

Figure 26 Reference Waveforms, Before EnvIronmental Life Test 



I Test VIE Circuit Oscllloswpe Wavaf on 
Point Description Conditions V/dlv. us/div. Vldao Input Volts I 

72-2. C/S decoded vida, ON 0.5 5.0 2.0 0.5 1.0 I 
output at J-115 C/S-ON 

CODE-SO 
RANGE- IO 
miios 

72-4. IdentA/C decoded GN 0.5 5.0 
video output at IDENT A/C- 
J-115 

C"!DE-50 
RANGE- IO 
ai Ies 

Figure 27 Reference Waveforms, Before Environmental Life Test 



Test VIE Circuit Oscilioscops Wavefom 
Point Description Condltlons V/dlv. us/dlv. Video Input Volts 

8. Output of line ON 10.0 5.0 2.0 0.5 1.0 
V-107 and Input 
to dacoding 
lines 

9. All A/C co- ON 1.0 5.0 
fncidanea bus, ALL A/C-ON 
subchassis 124, COOL-50 
Dlata of dlodas r---- -- ---~-- 

CR-127 and CR-129 

17. C/S colncfdeoce ON 5.0 5.0 
bus, TB-107, C/S-ON 
plates of diodes CODE-so 
CR-117 and CR-118 

20. output of c/s ON 5.0 5.0 
killer ampllfler, C/S-ON 
V-12% plate pin CODE-50 

Figure 28. Reference Waveforms, After Envl ronmental LI fe Test 



Test 
Point Dsscriptlon 

VIE Circuit oscilloscope Waveform 
Conditions V/div. us/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 
CR-119 or J-123-1 ZOE-55 

22. Select A/C kil Iar ON 5.0 5.0 
bus, subchassi s 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- 
follarer. pin 8 

%x-55 

34-l. Select A/C swnd ON 2.0 5.0 I 
pulse output at SELECT A/C- 
J-123-24 ON 

CODE-50 
RANGE- 60 
miles 

34-2. Same as 34-l. ON 2.0 5.0 
SELECT A/C- 

* 
kE-50 
IWIGE- 200 
miles 

Figure 29. Reference Waveforms, After Envl ronmental LI fe Test 



Test VIE Circuit Old 1 loscope Waveform 
Point Dascriptlon Conditions Wdlv. us/div. Video Input Volts I 

45. Output of cathode ON IO.0 2.0 2.0 0.5 I.0 I 
follower. V-117A, IDENT A/C- 
pln 3 

!'!DE-50 

48-I. Output at plats of ON 20.0 2.0 
timing amplifier, IDENT A/C- 
V-120. pin 6 

ZDE-50 
MNQE- 6 
miles 
I/P 

51. ldont A/C deaeded ON 2.0 10.0 
output at IDENT A/C- 
J-122-24 ON 

CODE-50 
RANGE- 200 
mlla 

I J 

u) 
m Figure 30. Reference Waveforms. After Envl ronmental LI fe Test 



Test VIE Circuit O%ilioswpe Wavcfonn 
Point Description Conditions Wdiv. us/div. Video input Volts I 

59-i. Output of video 
:L A/C-ON 

0.5 2.0 2.0 0.5 I.0 
output cathode 
foilouer. V-109, CODE-50 
pins 3 and 6 or BEACON ONLY 

J-122-8 

60. input to grid of ON 2.0 I.0 
trigger amplifier, GATE DELAY- 
V-i25A. pin 2 Minimum 

62. Plate output of 20.0 2.0 
multivibrator. ZTE DELAY- 
v-12%, pin 6 Hlnlmum 

65-2. Same as 65-l 

r 

65-l. input to grid of 2.0 5.0 
timing unplifier, :TE DELAY- 
V-101. pin I Hinlmum 

RANGE- 3D 
IIIII~S 

ON 2.0 5.0 
GATE DELAY- 
Hinlnwm 
RANGE- 200 
miles 

1 1 
5 FI gure 31. Reference Waveforms, After Envl ronmental Lb fe Test 



Test VIE Circuit Dsciiioscopa Waveform 
Point Description conditions V/div. uddlv. Vidao input Volts 

68. Input to gmto ON IO.0 50.0 2.0 0.5 1.0 
generator cathode DATE 
follauer, V-1048, DURATION - 
pin 7 Hinhman 

70-l. input to plate of ON 1.0 50.0 
gatin diode, WTE 
CR-1 oi DURATION - 

Minlnwm 
MNGE- 30 
miles 

76-2. Sam as 70-i 
ZTK 

0.5 50.0 

DURATIDN - 
Hlaimtm 
RANGE- 200 
IllaS 

172-i. All A/C dowdad ON 1.0 5.0 
video output at ALL A/C-ON 
J-115 COBB-50 

RANQK- IO 
miles 

I 

FI gure 32. Reference Waveforms, After Envl ronmental Life Test 



Test 
Point Description 

VIE Circuit Osciiioscope Wavefom 
conditions V/dlv. us/div. Video Input Volts 

172-2. C/S decoded video ON 0.5 5.0 2.0 0.5 I.0 I 
output at J-115 C/S-ON 

CODE-50 
RANGE- IO 
miles 

72-b. idant A/C decoded ON 0.5 5.0 
video output at IDENT A/C-ON 
J-115 CODE-50 

RANGE- io 
miles 

J 

Flgure 33. Reference Waveforms, After Environmental Life Test 



WITH REGULAR SHIELD 

WITH HEAT DISSIPATING 
SHIELD 

CAT 50” C AMBIENT 
THIS AREA REACHES 

IO9O c 

Figure 34. Enabling Gate and L~qe Driver Sub-Chassis, Operating Temperatures 
100 
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/ 0 ELECTROMAGNETIC DELAY LINE STUD{ 

The assignment of 23 October 1958 reqdes~z;d :wo tirsk~ to be performed The 

requirements of the first task were as toi law 

Task Number One* Make a survey to deter611 nu (Ihoc sources, character i st (64, 

size, and cost of delay Itines best sulted to delay rada; video from four to 2Q 

ml croseconds A request was made that the dsiay 11~79 chracterlstlcs reqardrng 

deterloratlon of resolution and slgnal-to-noise ratlo be at a munlmum Tests of 

the most promlslng type of line having a dela y GC apprmir-ately 20 n;c.ros~tonds 

were to be made to determlne the fol lowing 

(a) BandwIdth 

(b) Attenuation 

(c) Effect on pulse shape and resolL’i86.a 

(d) Effect on slgnal-to-noise ratlo (peak signal to average peak noise 

ratio of 4 . I) 

(e) Need for base-line cllpplng to rc%ve spuv~otis delay Ibne responses 

and consequent effect on slgnal-to-noas+ ratio 

In the survey to determine the source, sh:;artsrlrrlcs, stze, and cost of 

delay line best sulted to delay radar video tram Fwr to 20 u set, an electro- 

magnetic delay line study was chosen ar,d th o folIow.ng steps were taken 

I Some characterlstlcs of 2he Joarc]:-;se .nl18 tary radar equIpme and 

associated video pulse InformatIon was ob;ainzd from TDC WashIngton, 0 C. In 

addition, typlcal radar video data was obtaiqsd frcnr oi:&?r sources to assist us 

un determInIng the required delay 11w chara,::tir~!=t~cs 

2. Five delay l~nes of dIfferen: mandfart~sa, k-wrng cklays of from four 

to 20 u set, were obtalned artd certain tests V=PB rL% oa these lines 

104 



3 Using the data obtalned from the delay 11ne 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 surmwry of data for the steps Indicated above. 

7.1 Step I, Characteristics of Radar Wldeo 

I Pulse length 

2. Bandwidth 

3. Impedance 

4. Repetltlon rates 

5. Signal to noise 
rat10 

6. Amp1 i tude 

Radar I 

2 u set 

1 to 2 MC. 

~50 ohms 

350 to 400 pps 

4 to 1 

2.5 to 4V 

DELAY LINE SOURCES 

Radar 2 

6 ” set 

250 KC 

~50 ohms 

350 to 400 pps 

4 to 1 

2.5 to 4V 

EC5 Corp. 
534 Bergen Blvd., 
Pa~lsades Park, New Jersey 

Epseo, Inc. 
108 Cwmlngton St , 
Boston 15, Massachusetts 

Richard D Brew E Co., Inc. 
Ai sport Rd. 8 
Concord, New Hampshire 

Stewart-Warner Electronics 
I300 N. Kostner Ave , 
Chicago 51, llllnols 
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7.2 Measurement Technique* 

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

Termination 
7 

(I) H-P 212A 

(2) Tektronix 545, Type 53/5&C Plug in. P410 Probe 

(3) Tektronix Type 180-52 

(4) Delay Line (5) Matching (6) T erminatlon 
Res 1 stor Rest stor 

i ESC I 1000 ohms I 1000 ohms I 

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

5. Pulse Length: 1 u set 

C All measurements taken “one way ‘I 
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(b) Measurement of BandwIdth 

Termi nation 

(I) Measurements Corp. Model 65-B 

(2) HP 410B WTWM 

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

Note: All data taken with a 2W RMS Input voltage 
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(c) PhysIcal Characteristics 

Delay Line Dlmenslons (In.) Weight Number of Taps 

We Length 1 Width Height (Ibs.) Aval lable 

ESC (Back 7 3/4 8 l/2 7 l/4 7.75 
(I) (Front) 

O-50.1 u set delay, 
7 3/4 8 l/2 3 l/4 adJustable in steps 

of 0.1 u sec. 

24 u set delay, 14 

20.3 u set delay, 13 
ytaps wallable 

SW G-577959 3 5/8 4 318 I 718 1.6 Ei-1 

Note. (I) aboretory use adJustable 
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7.3 Step 2, Sumry of ElectrIcal Characteristics -5 Delay Llneg 

Time Charac- Rise Ripple Output Under- 
Line Delay teristlc Time ShO@% 
Type (1) (5) Impedance (2) 

Notes: (I) Lines tested ware readily available samples. 

(2) Measured wtth an anput pulse WI&!-I of 4 u sec. (see 7.4 (9). 

(3) Values represest a pefcastage of input pu?se amp! 66ude. 

(4) Based on the cost for 20 u sec. 1 ive. 

(5) Plrnf Delay Range: 

Nom: na I Acfxa 1 P%t 

4 " sec. 4.36 lb sec. : 8% 

10 u sec. 9.96 u sec. 5 3% 

20 u SEC. 20 92 tJ 5e.c 3.4% 

(6) Only a 10 u sec. long 1 In% MaS avaiI.able. 



7.4 Step 3, Optimum Characterlstfics for Radar V&&a De!ay Lines 

Type: Distributed Constart Delay Line 

Dlstrlbuted constant delay lines are not suitable for this applicatim d&s 

to therr low bandwldth characteristic. In addition, a high percentage of ripple 

and distortion is usually present in such delay lines, rendering thm less satas- 

fartory In wlntalning a good slgnal-to-noise rstia. ThW@fGE@. Ill this study 

only lurrped constant delay lines were tested. 

Type. Lumped Constant Delay Lix 

A lumped constant delay line can be design& to have low rlppie, high stl- 

billty, during temperature variations, high frequency response or fidelity, 

reasonable size, and attenuation. Furthermore, It is readily tapped, er.d can be 

manufactured with considerable unlformlty in succass~ve units. 

A summary of optimum chsracterlstics for radar VI&O delay lines IS as 

follows: 

(a) Characterlstlc Impedawe: 

Just as a transmission line has a staractarlstic Iflp&ance detesm~ned 

ty its distributed inductance and sapacitarca, so the delay Ii-w has its rhesac- 

tzrist1c Impedance. Also, the characteristic ~spedance of the delay lrne IS de- 

tanm~wd by inductance and capacitance qaantltres, es-,capt that these may WIRI be 

"!cwo5" of capacity dnd inductarse properly relate0. Since the charecter~st~c 

rscpedances are deterrP&ned by esseqtlally pure rex.!z~wes, the proper ter~,~~r.at~or~ 

of 50, delay line at both Input and output ends wst be pure resistance ax! ha~e 

the magnitude of the characteristic lmpedancn of the delay line. 
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networks, both passive and active. allows :rpedaxe ma:;hl~g methods to be used 

with a particular Ilne. A low Impedance [CM requires more careful mat&ln~ and 

formation, but the loading on the taps can Lze of xmsozkaably lower impedance be- 

fore losses in amplitude are incurred. A high cnpeda~ line offers mre l&I- 

tude in matching and termination, bbt the taps r,afr :“.at ba loaded ~6th 10s~ 

~mpedarces or considerable losses III ampllt:.!* w~sld o;xr in s3ccessi.~~ Cap5 

(b) BandwIdth and Rise Time: 

Rise ttma is usually measured In mXcr3ss-~&s, tihfie% is the tl.se re- 

quired far a pulse or slgnal 1ncrea5.e~ i”l ampl I .xa, be,naeen it5 10% OS’CI Its 93x 

ampl iiblde points. Rtse time 1s customa:~?y )13~e*: fo’ the p,lse whi& appears &“, 

the end of a delay line. however it caq be det *:aaned for any pulse along the 

delay line or the inp& pulse into the de!ay :I?*. 

The test data shows the effect QP a p~?se of delay 1 ones wrth differe,~t 

bandwidths. The relation between ban&!dth a.nd rise tn;ae is Bandwidth X R’S 

Tim- = 0 35 to 0 45, 0.35 1s the value to use for overshoots of 5% or less. 

Although a bandwIdth of 2 E%C wia~ld be desirable ETA the radar video 

line, the cost of such a lip IS nearly doeblr. t!xt CT a 1 MC I~re “are\~~;, if 

r,se tlrie requiral3ents dictate a 2 MC Gr btttz; ‘sa-h;‘ds?‘ at 29 u SC;‘.; sd,h 

1:~ce.s cauld be deslgned 



(c) Ripple: 

If, in the construction of a delay line. the characteristic impedance 

from section to section, or lump to lump of the delay ltne is allowed to vary, 

the points at which these varlatlons occur are known as drscontinuitles. As a 

pulse travels down a delay line having these variations. abrupt changes in energy 

levels must occur In amplitude, which show up as ripple. Loose tolerances, on 

either or both the capacrty or inductance of the elements, often produce high 

levels of ripple. Shorted turns III the inductors. shorts to ground, and wrong 

value capacrtles, are also productive of high ripple peaks. 

Ripple should be kept to 10% or less of ths input pulse. Tbls means 

that with 6 db. attenuation of the delay Ilne, a slgnal-to-noise ratlo of five 

to one can be approached. 

Since a delay line does contrlbute some noise to an incoming signal, It 

is advisable to clip any existing noise in the signal input, and of necessary, 

amplify the result before It IS used to drrva the delay line. Post delay 

cilpplng may also be employed If desirable. However. pre-delay clrpprng and 

ampllftcation should provide the best results. 

The rlpple Inherent In the delay line may add to, or subtract from, the 

noise of the incomlng signal tin a complex fashron. This may result rn a somewhat 

greater overall distortron of the slgnal. Srnce no1s.e IS a random phenomenon, 

the combination of incoming noise with the rlpple, may result rn severe noise 

peaks or may even provide cancellation. To minrmize the effects, pre-delay noise 

clrpprng IS highly recommended. 

(d) Attenuation: 

As a pulse or signal progresses down a delay 1 In@, some of Its energy 

is lost or dlssrpated due to resistance encountered, plus losses withlo the 
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materials with which the delay line IS burlt. When energy IS lost rn thus 

manner, the pulse amp1 itude decreases, as the pulse progresses along the delay 

line. This loss of amplitude IS the attenuatron of the delay line and is ex- 

pressed rn db wrth the input pulse berng used as a reference. 

Attenuatron in the delay line should be kept below 6 db. This IS 

necessary, so that wrth the prescribed amount of ripple, the signal-to-noise 

rat10 can be held to nearly 5 to 1 If pre-delay cllpping and ampllfrcatron is 

utrlrzed. the actual amplrtude of the slgnal from the delay lrne can be consrder- 

ably higher than the original wrdeo srgnal as recerved. 

(e) Stabi 1 ity: 

This important delay line characteristrc is, Its ability to withstand 

change, even though subJected to considerable varratrons in temperature. The 

stabrllty of a delay Irne IS often grveo as the change rn the delay time for 

finite conditrons of temperature and trme; for example: 0.00005 parts per micro- 

second, per degree centrgrade, between -55OC and +85’C. 

The temperature stabrlrty required of a delay lrne depends a great deal 

on the tapping tolerance and ambrent operating temperature. Tapping tolerances 

enter into the prcture since the tolerance must be maIntaIned under operating 

condl tions. The more tightly the tolerance on time delay is held, the greater 

the taperature stabilrty must be. TypIcal stabilrty of a delay lrne IS, 0.0005 

u sec., per u sec., per degree centigrade. Better stabilities than thus can be 

mlntarned with high qualrty lines. 

(f) DI stortion. 

DIstortion IS a term applied to the pulse shape. It 15 usually com- 

posed of two types of special dIstortron as follows: 

(1) Phase drstortron which occurs because hrgh frequencies and low 



frequencres do not travel along a delay lrne 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 I” combination with the hrgh-frequency components, and whay may 

have started out as a rectangular pulse, now has distorted leadrng and trawling 

edges. Proper desrgn can elrmroate or mrnrmrze phase distortron to reasonable 

levels. 

(2) Attenuation distortron which occurs because hrgh frequencres and 

low frequencies do not receive equal attenuation as they progress along the delay 

I I ne. Therefore, the low-frequency components of a pulse and the high-frequency 

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

though it started out that way. Attenuatron distortion usually shows up on tke 

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. Attenu- 

atron distortion IS an Important reason for poor rise trme characterrstrcs. 

(g) Pulse Length: 

The operatron of any delay lrne IS dependent on whether the pulse 

length at which the delay line is measured, IS sufficiently great to produce a 

full output pulse. Usually a pulse length of at least twrce the rrse time is 

requl red for thus. A pulse length three or four trmes as long would be ds- 

sirablc. 

(h) To1 erances: 

The delay lrne, time delay tolerances, must be specrfred. Present day 

hrgh quality delay lanes maintaln tolerances of kO.05 u sec., depending upon the 

total tIma delay. Tolerances tighter than thus will increase the cost of the 

delay 1 I nes. 
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DELAY 
LINE I 
TYPE ; 

ESC 

EPSCO 

BREW 

i. 

SW 
577951 

I 

i 

TYPICAL OUTPUT PULSE WAVEFORNS 
at 4 u sec. and 20 u sec. DELAYS 

4 u sec. 

/ 
- 

20 u sec. 

Figure 38 Typical Output Pulse Waveforms 
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8 0 SCAN CONVERSION DISPLAY DECODER GATING STUDY 

Task number two In the assignment of 23 October 1958 requested a wrrtten 

study be made to determrne if it was practical to use a co-ordrnate conversIoo 

system to obtacn the active beacon decoder gat~ng functron when scan conversion 

display systems were used For this study, It was assumed that the posrtton of 

the gate would be rndlcated on the televlslon type displays and that the gate 

would not be written on the storage tube target. Also, it was assumed that the 

horizontal and vertical lrnearrty of the televrsloa drsplay IS one percent. The 

ObJectlve of the study was to determrne the followrng: 

(a) Approxrmate number of tubes required and number of crrtrcal circuits 

whrch may require frequent adJustment. 

(b) MinImum size of gate requrred, as drsplayed on a 22-Inch television 

monitor, to Insure gatrng of beacon replres, which are associated wrth the 

selected target, into the beacon decoder. 

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

greater accuracy, stabi 1 1 ty, etc. 

A system to coordrnate Active Readout Gatlng from a scan conversson drsplay 

was under study. In this system, a JOY strck positrons 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 ~111 gate the decoder for an adJuStable length of 

time The following IS a descrrptron of the two sweep presentatrons, and how the 

system coordrnates them to read the desrred target. 

8.1 Radar PPI Display 

$or any given repetltlon rate, the sweep speed of the radar drsplay will be 

determrned by the range setting. The trme lapse between the emrss~on of a pulse 

from the transmitter and the receipt of the correspondrng echo IS 12 366 u set 
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for a drstance of one nautrcal mrle (6,080 yards). The maximum pulse rate fre- 

quency 1s governed by the range desrred 

For pulses and echoes not to overlap on the 200 mrle 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, thus would rndr- 

cate a maximum PRF of about 400. This would grve 2500 u sec. for a complete 

sweep cyc I e The pulse length of the sweep for the 200 mile range is 2470 u sec. 

In tke same manner, the sweep length for the shortest range of SIX mrles would be 

6 X 12.366 n 74.2 u sec. About II u set are needed for re-trace trme, and the 

trme between pulses (to a mrnrmum of II u sec.) would be deterwlned by the PRF 

settrng. 

There are two cormnon methods of obtarning a radral presentation of the radar 

sweep on a PPI display. The frrst IS to rotate the deflectron yoke in synchro- 

nrsm wrth the radar antenna. It IS this method that IS used rn the IKTEC MODEL 

Ti-440 scan converter equrpment. As the yoke is rotated, the sweep 1s rotated, 

and a radral presentation IS obtarned. The second method uses statronary x and y 

axrs deflectron plates or coils, with the amplitude of the sweep varied as a srhe 

and cosrne functron (see Frgure 39). 

With these deflectron voltages, a circular sweep can be obtained from 

statronary deflection ~011s. In Frgure 3g the time duration of the sweep voltage 

wrth respect to antenna rpm has been exaggerated. The sine wave frequency torre- 

sponds to tha speed of antenna rotatron, and may be from 5 to 30 rpm. 

The latter type of sweep voltages must be made avarIable for the proposed 

active readout system. As there are several methods, both electrical and me- 

chanrcal, of obtainrng the sane and cosrne sweeps, Stewart-Warner will investr- 

gate whrch type ~111 be most suitable to Install in exrstrng FAA equrpment. 
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8 2 Scan TV Display 

In the scan conversron or TV type presentation, the horrzontal and vertrcal 

sweep speeds remarn constant regardless of range settrng In the system under 

consrderatron, 30 frames per second are presented, each made up of 625 lines. 

The horrzontal repetrtron rate IS then 18,750 sweeps per second. A complete 

horrzontal scanning cycle will then occur in l 
18.750 

seconds, or 53.4 o sec. Of 

thus tame, approxrmately II u sec. IS needed for the retrace 

At the same trme there are only 60 vertrcal sweeps per second. About 20 X 

53 4 q 1068 u sec. are needed for each vertrcal retrace, and the vertrcal scan- 

ning cycle ~111 be & s 16.66 m sec. 

The drfferent sweep times to be encountered then are as follows: 

TV RADAR I 

HORI 2. VERT. RANGE MAX RANGE MIN. PRF MAX 

42.4 u sec. 16.7 m sec. 2470 u sec. 74.2 u set 1IK to400 ’ 

The maxrmum PRF for the SIX mrle range ~111 be lrmrted by the duty cycle of 

the transmitter A nominal PRF would be 1200, whrch IS the repetitron rate used 

at the Midway tower sate. 

The Active Readout Gatrng from the scan conversion drsplay ~111 have to 

translate between the two sweep systems. This may be accomplrshed rn the follow- 

ing manner (see Frgure 40). 

A joy stick will control four reference voltages, VRX, VRy. KTWT,X, and K2VRT 

IR the x-y plane. One par r, VRX and VRy wrll be used to reference four multrars 

rnto which are fed the TV sweep voltages The remaining Parr, KTWRX and K2WRy, 

are used to reference the for+r multrars Into which are fed the sane and cosine 
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modulated radar sweep voi tages The multtars provide start and stop pulses at 

some voltage levels during each sweep. The center level is determrned by a volt- 

age differential around the reference voltages (see rllustratron below). 

Consider the X (horizontal) sweep of the TV system A negatrve output pulse 

will result from a multrar as levels Vlxand V’iare reached by the sweep These 

pulses are put through an “OR” type circuit and then used to turn a bistable 

multrvtbrator on and off. This will happen each time the proper X coordinate (or 

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

the TV. When 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 will be spotted on each frame of the TV presentation 

The size of the spot (time duration) is governed by a setting of VXand Vy 

A srmilar system using the reference voltages from the Joystick KIVXand 

K2Vy IS appl ted to the radar sweep Assuming that the deflection characteristrcs 

of the Radar and TV krnescopes are irnear, and Ki and K2 are constants, an output 

gate wrll result from the radar PPI portion coincident circuits at the proper 

trme. Thus 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 

srnusordally modulated, the crrcuit behavior IS identical with that of the con- 

stant unmodulated TV sweep. 
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A suitable wltiar and some associated circuitry has been constructed and 

some prellmlnary tests were made. The clrcult design will accept sweep durations 

as short as IO u sec., and provides an output pulse of 0.4 u sec. rise time and 

1 u sec. duration. 

8.3 Description, Problems, and Characterlstlcs of Proposed System 

The following paragraphs contain a descrlptlon, and characteristics of the 

proposed system. Also, the problems likely to be encountered should further de- 

sign work be desired. 

A basic multlar clrcult was completed, and lnltlal tests on it were per- 

formed. The tests and daslgn work led to the circuit conflguratlon shown III Fig- 

ure 41. This circuit could serve as the basic module for the block diagram II-I 

Figure 40, since It IS 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 multlar module (Figure 

41 ) by SIX. Consldcrlng this and the remaining circuits, the following estimate 

of necessary tubes and diodes can be made: 

jo& TYPE WHERE IJSED 

6 I2AT7 Cathode follower in module 

I.2 6~~6 Nultiar 

6 6AL5 Multiar 

16 2C5I Blstable Gate and Multi 

86 Diodes “ORH “AND”, 
Moduie 

Blstable Multi, 

These are consldered mintmum figures, and do not include the Power Supply, Joy 

Stick, Gate Size Control, and Comparator components. 
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8.3.1 MultIpie D~solays 

Each TV display would have Its own joy stick (spot posltion control) which 

was compensated for, non-lineartttes 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-linearltles in each 

set, which are compensated for,by Its particular JOY stick. 

It would be daslrable to have the spot appear only on the set whose JOY 

stick is lnterrogatlng at that time. The other JOY sticks would be disabled, 

with a panel lamp Ilt to signify that the active readout was In use 

With this arrangement any non-llnearitles of the scan display units could 

be adequately compensated. There was no study effort directed at a time shared 

system,where more than one JOY stick could be used at the same time. However, 1 t 

was generally felt that such a system could be possible, should It be found neces- 

sary to operate rexe than one readout position simultaneously. 

8.3.2 Gatlng Accuracy 

There were three factors which would effect the accuracy of the gatlng 

with this system. These were, thermal stability, rise time and width, and Jitter 

of the output pulse from the multiar and associated circuitry. 

Time did not permit thermal stability tests to be performed on the bread- 

boaed circuitry. It was noted that the greatest amount of thermai drift arose 

from the thermlonic diode in the multlar. By using dual diodes In the same enve- 

lope for two different multlars, the associated multlars could be made to drift 

together. For example, each molttar of the TV sweep system would be made to 

drift with the muitlars of the radar sweep system. For the system pictured in 

Flgure40, a dual diode would be located with each multlar of the radar portaon. 
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The unused half of each positive and negative multiar set would be paralleled, 

and used as the diode for Its corresponding multlar III the TV portion. Even 

though there might be thermal drift In the circuitry, a one-to-one correspondence 

could still be maIntaIned between the TV and radar portlons of the Active Readout 

Gatlng System By keeping thermal drift at a m1nlmum, the TV and radar system 

would be kept still closer in their correspondence. This might be aecompllshed 

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

The amount of Jitter, that a multiar would present, IS a function of the 

slope of the sweep Input voltage. Measurements were made on a multiar breadboard 

using the circuit of Flgure41, and resulted in the followlng representative data 

of Table VIII 

Table VI I I. Multlar Output Pulse 

Sweep Input II Mu1 t iar Output 

Slope Amp. Rise time 
Volts/u sec. Volts 

0.83 3.8 

0.033 38 I 33 

0.018 3.6 3 54 

0.0024 3.4 20 48 

0 003 35 80 I 108 

The millivolts per Jitter column represents the voltage differential for a 

particular sweep slope around which the multlar IS unstable and Jitter occurs. 

The longest sweep to be encountered in this equipment would be the I7 

m~liisc&ond vertical sweep of the TV presentation. From rise time and Jitter 

cons1 derat Ions, If we chose a mlnlmum allowable sweep slope to be 0.03 volts per 

microsecond, then the amplitude of the vertical sweep voltage as applied to the 
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multlar should be at least 500 volts Thl s magnu tude of sweep voltage IS read1 ly 

available in the vertical sweep circuitry of the scan converter displays. This 

would provide an output pulse from the multlar with a rise time of 0.6 u sec. and 

a Jitter of 1 0 u sec., wh1c.h IS a Jitter of less than 0.006 percent of the sweep 

1 ength. Actually, this condition would not be realized as there would be some 

J 1 tter in the sweep system. 

The shortest sweep time of 42 mlcroseconds, was the horizontal sweep in 

the TW presentation. If the allowable Jitter determines the sweep slope, a hori- 

zontal sweep voltage of 80 volts amplitude would give a slope of I.9 volts/u sec. 

This would suffice to keep the Jitter to less than 0.03 u set , or less than 0.07 

percent of the sweep length. 

A more Important problem at this short sweep duratton was the rise time 

and width of the output pulse from the multlar. The multlar constructed was 

found to have for Its output pulse, a rise time of 0.6 u sec. and a pulse width 

of 0 8 u sec. This would indicate that the minlmum time, between on and off 

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

this circuit design. This amounts to I.9 percent of the horizontal sweep. In 

considering a 21” viewer (15 inches high by 17 inches wide), the radar pre- 

sentatron on the TV screen would have a maximum radius of 7-l/2 inches. The 

minimum horizontal size (width) of the spot would be QOlgX 17 BY 0.323 Inches for 

this size screen. This amounts to e X 100 = 4.3% of the radar radius. This 

spot would r-111 the same size, regardless of range settl ng for the radar On 

the toager ranges, the spot may prove too large, III width, to posItion over an 

Individual plane in a close group. For example, on the 200 mile range, 0.323 

inches represents 8.6 miles. The spot height may be msde as smai I as desired, 

due to the longer vertical sweep time of I7 u sec. 
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Another source of gating error may be the Blstable Multr preceeding the 

“AND” circuits No development work was performed on a hrgh speed brstable - 

- multl. Wrth proper design, the introduced rise trme could be kept to 0 2 u set 

grving the gate a total rise time of 0 8 u set Some gate widening may also re- 

sult from the Blstable Multi. 

The radar sweep voltage timing, ranges from 74 u set for the shortest 

range of six mrles, to 2470 u set for the longest range of 200 mrles A drf- 

ferent problem arose wcth the radar sweep, as the sweep voltage slope was con- 

tenuously changing 

The PPI presentation X and Y deflection voltages are represented in Frg- 

urejg, as they would have to be furnrshed for the o eratron of thus actrve read- 

out system The sine wave frequency corresponds to the speed of antenna rotatron, 

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 maxrmum down to zero Thus would occur to both the X and Y axis, 

sweep voltages Regardless of the sweep slope at maxrmum amplitude, this slope 

would decrease to zero 90’ later. This decrease in slope may result in some gate 

~rtter in radral direction when reference voltages are set near the axis Thrs 

would correspond to placrng the spot rn the direction near due North, South, East 

and West A radral Jitter will occur, srnce only one sweep IS at minimum, while 

the other IS at maximum (see Figure42). 

For the longest sweep (the extreme case) of 2,470 u set occurring on the 

200 mile range, an average resolution mrght be 1 percent, or two miles This 

would correspond to 25 u set as a desirable srze for the gate This IS long 

erough to accept the pulse train. A pulse Jotter of one tenth thus amount or 
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less would be necessary for accurate gatrng From TableVIlE thus would indicate a 

minimum sweep slope of 0.02 volts/u set If 500 volts ware chosen as a maximum 

amplitude of sweep voltage for a sweep time of 2,470 u set , then there would be 

excessive radial ~ltter I” the regrons where the amp1 etude fell to less than 0.02 

X 2,470 :: 49.4 volts. This would occur when sine g or Cos 9 s ‘%z The regron 

then where gate Jitter occurred was k5.7’ around each axis for the 200 mrle range 

Although the sweep duration decreases proportionally urth decreasing range, 

It IS necessary to maintain a gate size of 25 u set , in order to admit the com- 

plete pulse train to the decoder The pulse tram length remains constant at 20.3 

” set plus, at intervals, a caboose pulse spaced 4 35 u sac from the bracket 

pulse. 

For the 100 mrle range, the same mrnimum sweep slope of 0.02 volts/u set 

would be desired. The sweep time IS 1,235 u set , and the minrmum sweep ampli- 

tude for less than 2 5 u set jitter is 0.02 X 1,235 z 24.7 volts. Jitter is ex- 

cesslve for the 100 mile range in the regrons where sine 0 and Cos g I’s , whrch 

is *2 BOabout each axis. Table lxtabulates the Jitter regions for varrous ranges 

Table IX. Jotter Regions For Various Hrle Ranges 
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A plot of these regrons for the 200 and 100 mrle ranges is represented in 

Figure 42 As the sweep time was shortened for shorter ranges, the jitter regron 

becomes smaller, since the maximum amplitude is constant Act I ve readout is st I 11 

marntained In these regrons, 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 entrre train is admitted to the decoder in these regions. 

Since thts was rn effect an analog system, there would always be some er- 

ror between the positron of the spot on the TV presentation, and the actual area of 

Interrogation rn the radar system The gate size may have to be expanded to com- 

pensate for thus tolerance By feeding the decoder gate back Into the Radar Video, 

(push to test calrbratlon on FIgure40), the operbtor can have a quack check on the 

system Thus IS done by notrng whether the spot (gate) as It appears on the Radar 

“picture” once each sweep, falls directly over the spot controlled by the joy stick 

Any slight drift may be compensated by an operator’s “touch up” control two or three 

times per day 

84 Explanation Of System (Frqure lQ) 

The JOY stuck provides four d-c voltages. VRX,VRY,KVRX. and KVRY,whrch are 

used as reference voltages for the multlars These voltage magnrtudes vary in di- 

rect proportlon to the X and Y posrtlon of the JOY stick control K 1s some con- 

stant depending upon the deflection voltage relatronship between the TV viewer and 

the wrrtlng (Radar) portion of the Scan Conversion System. The control of VRX and 

VRY may be compensated for non-1inearrtIes I” the particular TV vrewer deflection 

characteristics 

The reference voltages from the joy stick are fed to theav Gate Size Con- 

t rol Supply Thus supply provides an adjustable incremental plus and menus 
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voltage, for each reference voltage, thus establishing a total of erght reference 

voltages. The size of the spot on the TV vrewer IS controlled by varying the 

voltage Increments of VRX and VRy This III turn wi 1 I vary the voltages to the 

Radar portion, and also increase the gate size. For drfferent Radar ranges, the 

voltage differential of KVry and KV”,, KV’y and KV”, must be changed to maIntarn 

the same gate duration regardless of sweep time. This gate time LS changed only 

with manual adjustment of the operator’s gate size control, and must be Mann- 

tained to at least 25 u sac. 

From then V supply, the reference voltages are applied to twelve multlars; 

four in the TV portron, and eight in the Radar portion. The following expla- 

nation IS given for the TV portion of the system. The basic multrar module con- 

tains a start multrar, a stop multrar, and two bistable gates. For a negatrve 

going sweep voltage (this is preferred, srnce the multiar IS better sulted to 

negative going sweeps), V’, IS slightly more posrtrve by n V, volts than W’,, 

and the multrar referenced by Vrx wrll be fired first The@ltiar referenced by 
> 

VI’, fires A V volts later on the sweep slope, correspondrng to some time, T,, 

later. The negative pulse, from the multlar referenced by Vrx. IS used to turn a 

brstable multt to an “ON” positron, after proceedrng through a bistable gate. 

The functron of the gate, here and elsewhere IR the system, IS to permrt only one 

pulse from the multiar, for each sweep, to appear at the bistable multi, and rn 

this case It IS the frrst pulse The gate IS opened by the XTV sync, and closed 

by the first pulse allowed to pass through. In this manner, the brstable multr 

will be turned “ON” only once during each sweep, 

In the same manner, the multrar referenced by V”, produces a negatrve pulse, 

T, u sec. later, to turn the brstable multl back to an “OFF” posItron. The XTv 

sync IS used to insure that the brstable multr starts each sweep from an “OFFL’ 
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Consequently, the brstable multi in the X sweep portron has produced a pulse 

that IS Tx u sec. wide, and positioned in trme with respect to the XTV sweep at a 

point determined by the setting of the JOY stick in the X plane, and the result- 

ing value of VRX. Since V’x AC A, 
= Vu + - , and Vii, q vu - T , T, has been 

frxed by the value of n Vx. 

in the same manner, the multiars.referenced by Vly and V’ly and fed the YTV 

(vertical) sweep, ~111 produce a gate of length Ty u sec., and posrtioned In trme 

with respect to the start of YTv sweep by the setting of the JOY stick control in 

the Y plane. When coincrdence of the two bistable multi outputs occur, the “AND” 

circurt w11l provrde an output the length of the coincidence. Thus wrll occur 

some N trmes in one vertrcal sweep, whrle N of the horizontal sweeps In a raster, 

wrll provrde corncrdence only once. The number N, or height, will be determined 

by the AV, settrng. The AV, settrng will determrne the wrdth. The COIIICI- 

dance output from the “AKD” crrcurt IS superimposed on the TV video to produce a 

box and thus locate the positron of the decoder gate. The box ~111 appear on 

each frame of the TV prcture. 

There are four remaining reference voltages, KW’y, KVuyr KVrx and KV”,. 

These are used to reference the eight multrars used rn the Radar portron of the 

system. Although the desrgn of the Radar portron is more complex, the theory of 

operation is the same as the TV portion. 

in order to present a crrcular PPI display for the Radar portion using an X 

and Y deflection syst sinusordally modulated sweep voltages, suc.h as shown in 

Figwe 39 are needed. These voltages are obtalned from the single radial radar 

sweep either by electronic or mechanrcal means, coupled to the rotation of the 

radar antenna Srnce each sweep voltage contains both posrtive and negatrve 
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slope sweep voltages, in 360 degrees of antcmd rotatbon, two mluiars are needed 

for each reference voltage. 

In the first. 180 degrees of the X Q’eflectio~ witage, the radar sweeps have a 

posl tbve slope. Comlder then tke wltnars referenced by KV”,. If Oh re.Feren6.e 

voltage magnitude IS swh that lt falls w~thtin the magnitude of some of the 

sweeps In ttats first 180 degrees, thls would rorrespond to a gate positioned In 

the right half of the screen. As each sweep reackes the reference voltage KW”,, 

the Posltlve Ramp Hultiar will provide a negative pulse. Fal10wing DotIS first 

pulse, the multiar 611111 free run since it IS fed a posntive slope sweep voltage. 

The blstable gate passes only the first pulse, and then disables the mult~ar 

ulrtll the beglnhrlng cf the next sweep The Positive Ramp Multlar referenced by 

Ial@, follows wrath Its pulse KAY, volts later on tkt X deflection wattage. The 

two pulses pass through an “OR” cihcubt, and provide “ON-OR? triggers for the 

blstable multi. The reset feature ensures that the nnuit~ always viii start each 

sweep from an ‘“OFF” posltioDm. 



poknt where tke narltlars are again needed. b%e ac%*on of the compara+or e&en 

disables the Negattve Rawp Mnlltkars during %h% e:%kre qa.le uf the sweep sal%age 

when a posit9ve or zero reference voltage with respec: to the base1 1839~ is 

present ~ Coavsrsely, ib wrll dosable the Pos!tiv,e Ramp tiblt~ars during ?%a an- 

Ukbe cycle of the sweep voltage when a negat~~w or zek-0 rsfermts vol%age IS 

present. No study effort was directed towal-d the Comparator, but fit s.bauid be 

m%ed that 1% may be coupled to the JOY st~&k. elthsr elec*r~celly, thr$ KQldu and 

f=RK ’ or mechaskcally. The mechanrcal verskm would employ a precision switch 

garaged to the JOY stick directly. 

Weferhisrg 60 the mhaltiars refesemed by KVC’K 2nd KW”,, and thekr mgr.ktudr 

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

action of the ciscui%s 15 as fol lobs: 

Skncs %he sweeps in the last 180 degrees are negatwe gobng, and KVox IS 

more posktkve than KV”,, the KW’, multlar f8res first., utiliz8ng the Megatsws 

Ramp bdultsars As before, the tare pulses frm the multiars provide ‘W-OFF” 

tr~gsers for the Bistable 14ult.1. Thl % tkme CL% cmparmor gates “Clw es! 

Positiv% Ramp MuEDirss. 



The feedback loop through the Push To Test switch serves as a visual check 

to the operator. that the gate IS occurrlng where the spot shows it should be 

1 ocated. 

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

Side-lobe effects rn short range radar beacon work nave hindered progress in 

this field for many years. In the work berng conducted under the ATC Coarrmon 

Safety Beacon program, a system of srde-lobe suppressron which IS both practical 

and relrable is in high demand. One system which has been presented IS Qhat of 

Hr. H. Setrin of the Rome Air Development Center. Thr s system 1 nvolved Uhe ad- 

dition of a special suppression clrcult to the transponder. A portron of the 

modification work conducted by Stewart-Warner under this contract involved the 

installetlon of this circuit IR twenty ANDB Type 111 transponders. Ii-4 effect 

this crrcuit IS a sensing element which enabled the transponder to determrne 

whether or not the information it is receiving at any instant IS Mann beam or 

srde-lobe rnformatron. Tkis was accomplished by addrng a third pulse to the M- 

isting MARK X interrogation code. This pulse IS transmltted over a separate an- 

tenna pattern, provldrng a variation of relative signal strength between the 

interrogatron and reference signals received by the arrcraft. 

In order to provide a measure of effectiveness of the rrodrfrcatron a series 

of tests were devrsed and were carried out under tnrs contract. These tests in- 

volved the determrnation 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 cos&~natisns. me data 

obtained from such tests should prove useful rn predicting system performance as 

well as provrdrng a basis for future system specrfisatrons. 

9.1 Description of Tests 

Rather than the usual laboratory pulse generators, the tests were performed 

with two transmitter units (AM/IJPX-61, to provrde the Mark X and Reference 

pulses. Thrs method provrded pulses which lack the sharp rise and decay times of 
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laboratory Instrument pulses Also these units were eeslly modrfred to operate 

from a single RF oscillator Thus insured exact tunbng and representatrve be- 

havior of the beacons. 

A block diagram of the test setup aPPears in Frgure43 Both traRSWltuerS 

were fed from the same crystal oscillator and were triggered according to the 

coded pulse spacings for proper suppression. The r-6 output pulses whi& could 

be varred in wrdth were attenuated some 50 to 60 db before being fed to a cali- 

brated variable attenuator. The srgnals were fed to the beacon through a match- 

1 og “tee”. The transponder under test was prevented from rePly8ng by reaxoving 

the modulator driver type. lndicatlons of a reply were obtained by counting the 

pulses that appeared at the grid of thus tube. 

The test procedure may be surnsarrzed by the foilowrng steps: 

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

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

(3) Determine beacon sensitivrty with a calibrated Hazeltsns test rack. 

(4) Determine a correctron factor for each of tne variable attenuators. 

(5) Set the attenuation of the TR signal near threshold and vary the at- 

tenuation of the reference signal untrl the transponder falls to 

reply. Record the upper and lower lsmrts of rePly (full reply end no 

reply) * 

(6) Repeat step (5) for 1R signal values up to 25 db below 1 volt. 

(7) Set and adjust new pulse spacings and delay 11 me taP. 

(8% Repeat steps (5) and (6) for thes Ned settrngp efx 

The concluding curves from the tests on six of the bea~~ons are sxown in 

Figs 44, 45s and46. The results ~6 these UesUa IndicaUe uhau less m6ereaace 

pulse power was required at the beacon to cause suppressoon to take pixe. Over 
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the major portlon of the side lobe range, suppression took place wrth IO to 12 db 

less power rn the reference srgnal than cn the rnterrogatron stgnal. - 

9 2 Progress and Shrpment of hodrfled ANDB Type IO 6 Transponders 

One modified ANOB Type 111 transponder was delivered to TDC rn Play and none 

in June, 1958. At this time, six r-core units were rn the process of berng modi- 

fied, with a tentative delivery schedule of four rn July, 1958 and two after the 

two week plant vacation perrod. 

The remainrng four out of the twenty units to be attadif~ad were not reserved 

at the plant. Three units were located at TDC and one at AMB. These ianits were 

received in the month of July, 1858. making a total of ten unrts on hand to be 

modified 

A letter was recerved from TDC rn the thrrd week of July 1958, stating that 

a decrsion was made to postpone modrfrcatlons to five of the ten unrts on hand 

wrth a final decision to be made wlthrn ten days. The remaining hive unbts were 

to be aaodlfied and shopped to TDC as soon as possible. This shlpwent was made 

during the first week of August 1858. 

After a final decrslon was made to modify the five. unrts rn questron, a 

final shrpment was made in the last week of August 9858, to complete this portion 

of the c0ntrac.t. 
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is Flgure 45. lnterrogatlon Pulse Versus Reference Pulse, LJlth 1.2 u SK plod. -rap, Attenuation Chart 



Figure 46. Interrogation Pulse Versus Reference Pulse, With 1.7 u set Hod. Tap, Attenuation-Chart 



10.0 ENGINEERING ASSISTANCE 

A field engineer was assrgned to provrde engineering assistance to the FAA 

installation and maintenance groups at Madway and 0”Hare FreSd, followrng a 

visit to these sites durrng the frrst portron of September 1958. After con- 

tactlog the Installation group, Stewart-Warner obtarned srx decoders and power 

supplies from Midway and three decoders and power supplres from the O”Hare site 

The field engineer was engaged rn aligning the units so that they would be ready 

for operation when Installed at the sites. Also, the field engineer was 

acquar’ntrng hlmself with the other untts of the beacon system in order to pro- 

vide engrneerlng assistance at each sate durrng the installatton perrod Slnce 

test coders were not available at the sites, the alignment work was performed 

in Stewart-Wamer”s laboratorres, using classified test coders. Thus precluded 

any extensive field tests until the required test coders became available In 

the meantIme, Stewart-Warner conducted as much inspectlon, test, and alignment of 

rncom~ng beacon equipment in the laboratorres as was practicable, so that a 

nainimum of field adjustments would be requrred at the sites. 

Stewart-Warner made three minor modificatrons, which did not rnclude 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 Stewert- 

Warner recorded and tabulated the difficulties encountered rn working with the 

units so as to provide a guide for the !nstalBation and maintenance groups 

IO,1 EnqIneerrnq Assistance Prosress For The Perrod of October 1 to GctobLc 

31, 1958 

The Stewart-Warner engrneer rrsde contacts with the tlidway and O’Hare 

Freld FAA personnel regarding the beacon equipment rnstallation. As the 

decoders and power suppl ies were checked out and aligned, they were delivered 

to the respectrve sites for installation in the rack mounts In this 
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manner, Stewart-Warner was able to keep abreast of developments at each srte and 

r\ keep the field personnel informed as to equrpment operation. 

Several of the decoders were checked and alrgned. A drfficulty which had 

shown up in ail units was the alignment of the Select Code. The unr ts would not 

quite fall withrn the proportionality requirements for all codes selected with- 

out allowrng a small amount of noise through at normal srgnal amplrtudes As a 

result the units were aligned to a maxrmum response - minimum n0Is.e compromise 

position The different requirements at each site would probably require read- 

justments when the units are operated under normal field conditions. 

The video line drivers and lrne compensating amplrfiers were ,zhacked and 

aligned. It was found that plug-ln filter capacitors C-T8A and C-l& of the 

Tine driver, and ~-36~ and c-366 of the line compensator power supplies respect- 

lvely, 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 Prevented the 

charges from burldrng up 

O’Hare Freld reported that the ASR-3 pre-trigger modificataon did not 

operate satisfactorrly and that they returned the units to the source of sup- 

PTY. The locatIon of the mod kit near high wattage resrstors changed the time 

constant of the multIvIbrators causrng pulse jrtter They placed the Ask-3 IR 

operation without the pre-trigger unit and were awaiting further installation 

information. 

102 n 

30, 1958 

The VIE units and associated control boxes for OrHare Field were modrfied, 
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checked out, and returned to the site. 

All but three VIE units and one control box were returned to Mrdway One 

of the remaining units, VIE ~0.26, required a delay line, OLlOl. The delay line 

was found to have an open circuit between pornts 127-25 and 127-26, the A, and 

START taps. 

The decoding delay lines 2201 ln the Line Compensating Amplifiers were re- 

tapped. The overall delay measured about 8.7 u set with the other taps measur- 

lng about 5 5 and 3.2 u sec. Both units No g and No. 10 ware corrected to pro- 

vide the proper 8. 5, and 3 u set values 

The Stewart-Warner englneer made a trip to the New York Center at ldlewlld 

to observe the high density tests. However due to inclement weather the hrgh 

density tests ware postponed. A visit was made to the New York Center lnstalla- 

tions, and operation of the aqurpment observed with the few beacon equipped arr- 

craft in the area. 

10.3 Enoineerine Assistance Proqress For The Period of December 1 to December 

31, 1958 

The Video Line Driver and Lrne Compensating Amplrfier were returned to Mid- 

way and the O’Hare units were ready for delivery immedrately there after Also 

two of the three remaining VIE units ware ready for delivery to Mrdway. The de- 

fective delay line rn 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 rnstallation group were waiting for connectors or flexible cables 

for the termrnal ends of the beacon antenna cabling at the FPS-8 site at Midway 

To this date, no further beacon equipment was recerved by either site. 
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A brief ring out of the beacon equipment was made at Nidway. A double 

pulse generator and a single pulse generator were used to feed coaxnon mode trig- 

gers and a 1.0 u sec. video pulse into the Video Lrne Driver at the transmitter 

site. The line compensating network in the Lrne Compensating Amplrfier was ad- 

Justed using these trigger and video pulses as received from the Video Lrne Dri- 

ver over the interconnecting underground coaxial cable The common Mode Tr I gger 

output and Video output from the Line Compensating Amplifier were fed to a VIE 

unr t and the “Video Output” for the P.P. I. was observed on an oscilloscope 

This limited operational check was succesful after a few minor adJustments 

and cable changes. 

The spare parts delay line (2201) for the Lrne Compensating Amplifier was 

obtained from the spares at Mrdway 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 Untt No.9 Unit No.10 Spare Parts Line 

Origrnal Spacing 3.25 5 50 8.71 3 27 5.55 8 73 3 26 5.52 8.72 
(In u set) 

Corrected Spacing 2.91 5.00 8 02 2 92 5 01 8.03 292 500 8.03 
(in u set) 

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 sets was chosen 

10.4 Enqrneerinq Assistance Progress For The Period of January 1 to January 31, 

1914 

The remaining VIE units, Vrdeo Line Orrvers, and Lrne Compensating Ampli- 

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

unit No 26 that has the defective decoding &lay line To date thus delay line 
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has not been received. 

Midway and O’Hare Fields have received their Defrurters and the test equip- 

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

10.5 Enqineerinq Assistance Proqress For The Period of February 1 to February 28 

l-ii2 

MIdway Airport received its VIE test set and it was installed in the equip- 

ment rack. Further system checks ware being carried out 

The only equipment still requrred at Midway was the Interrogator, other- 

wise the status regarding what was to be completed was as follows: 

I Installation of the Oefruiter 

2. Installation of the antenna connectors 

3 Receipt and installatron of the decoding delay line 

for VIE ~0.26 

4. Thorough system “ring out”. 

The beacon antenna at O’Hare Field was accrdentally damaged due to contact 

wrth 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-alignment The end sec- 

tions were gashed and bent slightly The FAA rnstallatron group was awaitrng 

word on what action to take In regards to repairing or replacrng the antenna 

The status of what remained to be completed at O’Hare Field other than the 

antenna was as follows: 

I Receipt and installation of the Interrogator. 

2. Recerpt and installation of the VIE test set 

3. Installation of the Defrurter 

4 Thorough system “ring out” 

Replacement relays were obtained and installed in the VIE(unrt ~0.28) 

that was used in the environmental lrfe test F I 1 tars type 26WDK12S were used 
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to replace relay K-101 These were relays that failed during the environmental 

lrfe test as discussed in Section 6.0. 

The location of all Nike,Sites in the Chrcago area was obtained by the 

Stewart-Warner Engineer, and a map indrcating their positions was sent to TDC In- 

dianapolis, as per therr request. 

10 6 Enqrneerrnq Assistance Progress For The Period 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 

~111 be equipped with scan conversion units that have been received but not in- 

stalled to date The FPS-8 scope in the operations room and the maintenance 

scope ln the equipment room require a small amount of additional cable wiring be- 

fore they are completed. Units No. 26 and 27 ~111 be routed to these two rndica- 

tors 

In accordance with the installation drawrngs, only corrmon trigger, alternate 

trigger, and beacon video were fed Into the VIE untts wrth the vrdeo output berng 

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 installatron of the 

interrogator 

It was found that the decodrng 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 Freld: 

The Def rul ter was installed at O’Hare Systems checks could not be made 

untrl the arrival of the test set. 

10.7 Enqineerinq Assistance Proqress For The Perrod of April I 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 unrt was put on the air for 

short periods of time. The receiver output was monitored and several raw video re- 

plies were observed on an A scope and on a P P.I. Very good returns Mere 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 

thus point, it was found that the FPS-8 Radar MTI quartz delay lines have had their 

heaters disconnected due to the farlures 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 operating, had a trackrng range from 359 2 to about 359 9 prf which was 

Just a little higher than that whrch IS required for proper operation Wrrh the 

Defruiter heaters not operating, the range was found to be from 357 9 to 358 5 prf 

which is just a lrttle too low for proper operation. It 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. It was understood that work is 

presently being done for the correction or replacement of the thermostats in the 

FPS-8 units Until full tima operation is required, the Defruiter heaters can be 

manually controlled to marntain the specified temperature and the Defruiter in 
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operating condition 

All circuits and controls were prellmrnarily checked out and ad-lusted The 

more thorough, final tune-up procedure was being performed 

One of the 20 u set pre-trigger delay lines for the FPS-8 Radar was found 

to be erratic in its operation. It was removed and was being checked by the delay 

1 ine group at Stewart-Warner Electronics. 

The replacement delay line for VIE ~0.26 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 Mrdway installation. 

(b) Progress at O’Hare Field 

The replacersant antenna shipped from TDC for the O’Hare site was received 

and installed Still required for completion of the installation were the inter- 

rogator and the two test sets 

IO 8 Enqineerinq Assistance Proqress For The Period of hay I5 to Julv 15. 1959 

(a) Progress at Midway Airport 

The flnal tune-up procedure and the Joint inspection of the Arr Traffic 

Control radar beacon equipment at Midway was completed. The complete system, with 

the exception of the Oefruitei, was turned over to the maintenance personnel. The 

Defruiter IS rncompatible with the FPS-8 Radar unheated MTI quartz delay irne prf, 

as mentioned rn Section 10.7. To date a “fix” for the thermostatic controls of 

the MTI was not received 

The 20 u set pre-trigger delay lrne for one of the FPS-8 Radars was found 

to be internally shorted to ground by the delay line group at Stewart-Warner Elec- 

tronlcs It was repaired, returned, installed, and was operating normally 

The defective decoding delay line (DC-lOI) in VIE unrt ~0.26, was replaced 

with the &lay line taken from VIE unit ~0.28. Unit ~0.28 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 ~0.26, was received at a later date 

(b) Progress at O’Hare Field: 

All of the Air Traffic Control radar beacon equipment was recerved for the 

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

was being performed 

The same HTI quartz delay line thermostat problem that existed at Midway, 

exists at O’Hare. 

10.9 Enqineerfnq Assistance Progress For The Period of July I5 to September 30, 

1919 

(4 Progress at Midway Airport: 

The Arr Traffic Control Radar Beacon System Installation at Midway Airport 

has been corasissioned as of August 25, 1959. 

Delivery of the new 28 foot antenna is not expected for several 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 Deacon System at 

O’Hare field was completed. This site was commissioned as of October 5, 1959. 

During the tune-up procedure at O’Hare Freld, considerable trouble was en- 

countered wrth diode failures in pulse pair generator portion of the interrogator 

set Several diode replacements had to be made in the mode selection circuitry 

III order to obtain proper mode output operatron. The replacement delay line (DL- 

101) was Installed in the VIE environmental life test unit ~0.28, still located 

at Stewart-Warner Electronics. This unrt wrll be returned to the FAA as directed 

This completed all Engineering Assistance as required under this contract 
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