


EFFRCTR mvAR10u5 ANTENNARIXATIONALRIWES 
ONATZPEASR-1RADAR 

This report deecribee operational end technical tests conducted 
to determine the effect of changing antenna rotational ratee on Type ASR-1 
85mort eurveill8uce radare. The Opr8tiOILd phase of thie program w8e 
performed by air traffio control personnel to es%abllsh the accuracy end 
relative work load imposed OII the radar operator by approaches made at 
v87i0u~ rotational speeds. The program included addition.ti teat6 Using two 
or more abxmft to d&e-e the effect of thsse varglng ratBe on the 
ability of 8 controller to establish end maintain approved r8der eeparetion 
in en airport tern area. Engineering personnel carried out a technics 
eveluation In order to aecertain the performance of the equipment at the 
mqing ratea. 

The ante- rotational ratee evaluated in this program rmmd 
from 6 to 28 revolutions par r&xute (x-pm). Two radce were used. An L-bend 
r,=Jrr- located at the Technical Development end Ev&uatlon Center at Weii 
"a-'- Acyport, Indi8napolio, Indiena was used in teete of 6, 9, 12, 8ud 14 r?m- 
f-L 7:~ ASR-1 S-baud radez loceted et New York International Airport (Idlewild! 
:c? lxed in teats of 14, ia, 2)+, and 28 rpm, Measurements for the 8ccWacy 
:ast> were compiled from 233 seprirata plan position indicator (PFI) epproachee. 

Reeulta of the operetitmel teeta indicated tit there wae no cor- 
relation between the rader rottational rate .sM the approach accuracy over the 
entire rpm renge teeted. Woo eccuracy of eppyoachee at all rotational ratee 
*yr-raged well within the tolerance of the radar equipment iteelZ5. Summ8riee 
$1: the PPI approach resulte end of the Individual. controller accuraciee are 
>-eeented in tabular form. See Tablee I and IL. 

The Meulte aleo indicated that there wee no correlation between 
the entenn8 rotational rate and the conmunicatione work load. However, It 
ie apparent that there w8e 8 considerable increaee In mental effort neceeeery 
t0 conduct approachee at rotational rate8 below 18 rpm. This increese wee 
due to the increased extrapolation, known ae "cm balling," required 
iU viBUdizi~~ the current poeition of the aircraFt involved. The reeulte 
c%slned fron 8 queetionaaire presented to the control.lere after each run 
e?s tabulated in Table VI. 

Te+xxlcal testa OQ the Idlewild inetallation indicated that reducing 
Yae Tm ASP-I. radar an:.enna rote.tionel rate progreeeively from 25 rpm to 
""rp produced no appreciable improvement in the moving target tildicator (XTI) 
I-crforma?lce. 



At csrtalp sirport smF1Lance radar locaticme, 8evere e 
clutter (which is the ground return, or the reflection from EtetloneW 
targets) precludea eatiefeotcry tre&.tng and guiding of aircraft byradat 
throughthe clutter arees, evenwith the MT1 adjuetedfor optimumperform- 
arIce. On8 eolution to the problem appeared to be the reduction of the 
antennarotational rate, since improvedMpIperfozmenc e w8a theoretiaelly 
predicted at lower speede. To velidate the eeeumption, an evaluatian of thie 
technical problem w8e indicated, As ECOrOll~tO them1 biprmemtevd- 
u&ion, it w8e also neceaeary to determine what effect lowered antenna speed 
would have upon the operational uee of the !Qpe ASR-1 radar should the expected 
technical improvement in HTI meterialize. At the requeet of the Adminiatretor 
of CM, !CDEC eeeisted the Cffice of Federal Airways ti performing thie teak. 
At 8 meeting held et TDEC on Auguet 28, 1951, 8 com&ttee w8e selected to plan 
the neceseaxy program, to conduct the teats, and t0 PMpEl'e 8 lV3pOl-t COIltainiog 
recomui0ndations. This aomittee wtu coupesed of the followingmenfromthe 
Office of Federal Airwaye: Robert A. T&or (Chairman), John A. Apuli, 
Dernard R. Boymel, 8nd John F. Zwaeka; end from the TDECr Richard C. Borden 
ad Noxnen R. Smith. Thie report contains 8 re'sd of the teats and resulte 
cP tLe eve.l.u&ion program, together titb conclueione regarding the effects of 
changing antenna rotational rates. 

EVALIIATICN CBJECTIVES 

The evaluation of varioue antenna rotational rata wm made from 
tests conducted to determine whether reducing the ratee would resolve tech- 
nick and operation&l probleme now aeeocieted with radar eptema Et terminal 
areaa. The evaluetionwee mede to determines 

I.. whether adecrease inrotational rate would improve the Ml'1 
perfomance of the Type ASR-1 radar. 

2. The controller workload anddegree ofmsntel concentrationreqWd 
et the vemioua rotational ratee. 

3. The aocuracy with which FPI eppro8ches maybe conducted et v~~ioue 
sotetional ratee when various aircraft speed typee and clessee are used. 

4. The ability of a controller to eeteblieh end maintain approved radar 
separation between aircraft within 8 terminal area. 

Before the accuracy teate were startad, the extended runway center 
1:3e were surveyed to a point 28C feet from the approach end of e%h runway. 

~'?7eyor's stekee were established at these points to mark the lo-aMon for 
2~ theodollte used in the 8pprOaCh test& 'lWO-~radiOCOmmU,iCEti~WW3 



3 

artabli4hed between the radar controller and the aircraft and alaobetween 
th radar cc&roller and the theodolit4 crew, 

Pereonnel requirement4 for the accuracy runs Included 670 men 8% 
the theodolite and two men et the rader control poeition. At the tbeodollte, 
one man performed the dutiee of tracker while the second m4.n recorded the 
measurement data end ha'ldled the neceseery coImaImic8tion4. At the radar 
poeition, one operator performed the control Puuctiona while the other op4r- 
etor recorded tha neceasery date and co-ordinatod the aircraft movement4 
with the control tower. Am audio oacilletor, or beeper, wa4 connected to 
the ccamnunio8tion tranmitter et the radar position; and 8e the aircraft 
paeead each mile marker on the final approach, +& redar operator depressed 
the beeper control which sounded a high-pitched tone 88 8 signal. to the 
theodolite operator to take e diaplncement reading. The dieplacement reading4 
taken et the theodolite position, the record of headinga ieeued, the target 
qudity, and the commente of the operators formed the data for the accuracy 
teats. 

Verioue speed cl844e4 of 8ircreft were utilized in conducting the44 
teste. At Indienapolle, 8ircraft types included 8 Piper Pacer (elow Class), 
eeverel C-46 and DC-3 traasports (medium claos), end 8n FgF jet (feet ~1848). 
At Idlewild, al-raft typea included 8 Stinson (slow class), 8 twin-engined 
Beech and 8 DC-3 (both medium class), and an F&b jet (feet 0184~). 

Photogr8phic record4 of the radar indicator were made et veriou4 
mtenna rotational rates. ?.KlT performance wae recorded by making time ex- 
posuree showing an aircraft flglng a box pattern asound the airport and throu& 
are84 where fixed targets produced high Glut+* density. 

Throughout the evaluation 4J.l pilota wera briefed regerding the 
mceeeity of fly& only the heedinge iesued by the r8der operator, and they 
were requeeted to m&e no attempt to achieve 8 visual line-up with the runwey. 
Close co-ordination wa4 effect4.d between the rader controller aad the aasoci- 
eted control tower In ell instances. The control tower deci4ion4 regarding 
the granting or vlthholding of approach clearance8 were followed rigidly. In 
order to 8Void interference with normel airport traffic, moat of the PPI 
apprOEch44 were conducted on 8 rummy other then that being used for take-offs 
andl8ndinge. For thie 1885021 most of the 8ppro8cheE were made with en 
JETeCi8ble crone-wind cozgonent which increased the radar controller'e work 
tied eO4%3Wh8t, since compeneetion had to be made for wind drift. However, 
a*xe thie compUcetion wae encountered throughout the test progr8m, it ie 
+jieved that it did not eppreciably affect the relative accuracy of approachw 
-** my epacific anteme rate over those of any other rate tested. 
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OCTXATIONAL EVALUATION 

Operational Tests at Indianapolis. 
When the L-band radar was ueed, it was noted early in the 

evaluation that any change in antenna rotational rate necessitated a realign- 
ment of the map overlay. Since the equipnent did not have a readily acceesibls 
centering adjustment, it w&e necessary to have aircraft fly automatic instru- 
ment landing system (XS) approachee to the instrumsat runwaye end to move 
the map overlay until it would cotiide with the extended runway ce;ltar line. 
Visual approaches were made to align the map overlay for thoee runwaye not 
served by an ILS. To insure accuracy of map allgnment, the tbeodolite crew 
advised the radar controller whenever the aircreft wa8 definitely established 
on courm. 

Fig. 1 shows the accurecies obtained for the PPI approaches made at 
Indianapolis at antenna rotational apee& of 6, 9, 12, and 14 rpm. The one- 
mile point dieplacements rated es usable (3~70 feet) end thooe rated as exoel- 
lent (300 feet) are plotted in Fig. 3 end compared with the data taken at 
Idlewild. Fig. 4 shows typical. points at which heading changes were transmitted 
to the pilot, and Table III lists the max~~ln and average number of heading 
changes required at different rotational speeds. Durmg the -, the locationa 
of fade-outs were either noted or recorded on film and are shown in Fig. 5; 8 
awnnary ie provided in Table IV. 

Photographic viewe of the PPI operating under verioua conditione, 
such as antenna rotational rate, gain, aircraft patterna, and different types 
of aircraft, 8re reproduced in F&s. 6 to 18. 

Operational Testa at Idlewild. 
Pereonnel conducting evaluation teate at Idletild were advised by 

Idlewild corkrollers that the over!ay map was accurate on Cl.1 runways except 
Runway 22. The Idlewild controllars suggested that, when conducting approaches 
to Runway 22, the aircraft target should be directed to an imaginary runway 
center line parallel to and slightly to the right of the extended runway 

center line as ehown on the map overlay. The map overlay inaccuracy for tbie 
runway may have contributed to t5e greater average error shown for the antenna 
rotational rate of 28 rpm, since several epproachea were made to Runway 22 at 
that rate. 

The ground clutter areas on the approaches to Runway 22 and I.3 caused 
the aircraft target to fade out completely at a point two milea from the end 
of the runway. Tke targets were not visible again until about one mile from 
the end of the runway and in come instances were not vieible &gain until they 
had turned away from the airpvrt and were outbound two or three miles dietant. 
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It fw believed that tbiw condition rewulted in leew accuratw approaches to 
these runwags because It wss not poawible to u&s any azimuth correctionw 
after thw aircraft target had reached a point two milew frm the end of the 
nmWaY. 

Although the six-tile range would have provided for greater accu- 
racy of epproeches, it was neceawsry to use the ten-mile range at Idlewild 
because of the large aree of the airport. The final approach courwew to Run- 
ways 4 end 7 were found to be relatively free of ground clutter sreae, wnd the 
targets did not disappear for an excessive length of time. The traffic 
patterns used for radar test approaches at Idlewild ere whown in Fig. 26. 

The MTI performance proved to be unwatiwfactcry at aU antenna 
rotational rate9 evaluated. In numerouw instances end as a result of the 
ground clutter areas northwest, northeawt, and south of the airport, a 
departing aircraft target waw not observed by the reder controllwrw until the 
azcraft was from one to three milea from the airport. They slwo noted while 
guiding aircraft for sn approach that targets would suddenly appear on the 
scope very close to the aircraft urder radar control. In most of these cawea 
the controller did not have time to iswue traffic information to the aircraft 
being guided. The locations of the fade-outs during PPI approaches are shown 
in Fig. 19, and a eummary is provided in Table V. 

The accuracies obtained on final approach Eve ehown in Fig. 2, and 
the individual controller accuraclew me listed in Table II. These m alwo 
compared in Fig. 3 with the dieplacement obtained on the final approach et 
the one-mile point. The results of the quewtionnaire filled out by the con- 
troller after each run are listed in Table VI. The meewurenkents taken on 
the coaummications work load me recorded in Table III by the mwthod 
indicated by Fig. 4. 

During one phase of the evaluation at Idlewild, a jet fighter waw 
solicited to make PPI epproaohes. When the pilot contacted the radar con- 
troller, he was directed to proceed to the Floyd Bennett Naval Air Station 
et wn altitude of 1,5CO feet mean wea level (KL), 500 feet higher thsn the 
normal altitude for other aircraft types. Controller personnel were not 
able to Identify the aircraft target when the pilot reported over the Floyd 
Bennett Air Station; snd nunsrous ettempta (including 360" turns, vwriouw 
headinga, and flight over known visual reference points) were made to ewtab-1 
liwh identification, The pilot was directed to climb to 2,500 feetl&SL, at ' 
which altitude identity was ewtabllebed and the radar controller waw able to 
conduct e satisfactory PPI approach. 

In order to determine the ability of e controller to eatebliwh snd 
maintain approved radar separation between aircraft within e terminal area, 
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q6 approaches were conducted tith four F&type aircraft at the Idlewild 
Airport. Thewe aircraft operated tithin e speed range of 80 to 190 knotw. 
The epewd of a particular aircraft waw not !snownto the radar contiller 
unleww the information waw requested. The approachew wBre conducted at r&er 
antenua rotations3 rates of 28, 24, 18, end 14 rpm. Each aircraft ~88 ae- 
signed a holding point. See Fig. 26. Cne wee aewigned to Point Able, two to 
Riiw Perk Intersection, end one to Long Beach Intersection. Aw Boon aw pilotw 
reported that they bed reached these pointa, radar guidance toward the fFnti 
approach couTee wew iniCieted to the aircraft in the order in which the 
reports were received. This wae done to place the aircraft on the finel 
approach comee to Runway 4. At the wwme time, approved lateral separation 
between aIrcraft waw maintained. After the initS z7m of four aircraft, the 
two aircrePt that were originally assigned to Rilw Park were dFrected out- 
bound on aheading oflB0". After passing the outbound gate, tbeee aircraft 
were agein worked tit0 the finwl amoach couree. The other two aircraft 
alweye returned to 'heir rewpective fixew via direct routes end were agaein 

considered in the problem, This routing presented e con%zol pxOblem that VW 
conwtantly changing throughout the test. 

It is eignificent to note that although some control perwonnel 
indicated that a8 many aw six aircraft could be guided et one time, wll the 
radar guidance waw accomplished over water wreaw end to a runway that waw 
known to be relatively free of clutter areas. It iw believed that thiw 
figure iW not c!zracteristic, if applied to the whole terminal area et 
Idlewild Airport, because of the large clutter zonew exist- over the land 
mew around the airport. 

Photographs taken of the viewing wcreen of the r&%x operating 
under varloua conditionw are reproduced in Figs. 20 to 25. 

TECENICALEVALUATION 

The engineering phawe of the !Cy39 ASR-1 radar antenna rotational 
rate evaluation conwieted of two weparete parts. The first of these invdlved 
modification of the antenna drive sywtem to provide reduced rotational wpeedw, 
and the second iuvolved au engineering evaluation of the radar performance 
at reduced rates of antepna wcen. 

Equimnt Modificetionw. 
The Type AS&l radar entenna iw driven by a 220~volt, 6O-cycle per 

second (cpw), single-pheae, #-horsepower (hp) motor. CDxe limitation imposed 
upon the modification waw that the rader, being a commiawloned facility, could 
not be diwabied for any appreciable length of time. A study of the electrical 
w.nd mechanical changes required to replace the existing motor witi either e 



7 

lower speed e,c motor or with a variable epeed dc motor revealed that such a 
major change wouldnotonlyre9~tinatw0- t0 six-month delay of the evsl- 
uation pro~am but would also necessitate deconmieeioning the redar for two 
or three dey8. ~urthen~~ore, any failure of the modified antenna drive 
inetallation would require further disablement of the radar until such time aa 
the trouble could be remedied or until the original drive eystem could be 
reinstalled. In view of this, 803118 alternative method was sought which Would 
not conflict with tne operational demands upon the radar. It was suggested 
by the manufacturer that the motor be operated at reduced frequency end redWed 
voltage in order to achieve variable epeed within certain limits. horderto 
ascertain that such a mode of operation would not damage the motor end to 
assure that satisfactory torque and horsepower could be maintained at reduced 
speeds, preliminary tests were conducted by TDEC engineers at Oklahoma City, 
using the rSpe ASR-1 radar installed at the CAA Aeronautical Center. 

The tests indicated that such a procedure was completely satisfactory 
at speeds down to approxlnately &3 x-pm, In order to provide a variable 
frequency 8our~e of pcwer, a 220-ml* gasoline generator was employed. It was 
decided that this technique was practlcel; end in preparation for the evaluation 
program, TlXX engineers were sent to Idlewlld to perform a similar modification 
of the Tgpe ASR-1 radar located at that airport. Design of this type of 
antenna drive motor ie such that operation at antenna speeds below 12 rIrm csn 
reeult in connection of the stsr;ing winding of the motor, which is controlled 
by e centrifugal switch. In this case, if power is still applied, the starting 
winding till burn out slmost instantly. In order to insure that thie vould 
7-st happen, tvo sets of line fuses were insteJ&d. When operating from the 
normel service of 220 volts at 60 cps, 50-ampere (amp) fuses were inserted in 
the line; however, when operating from the gasoline generator, these were 
replaced through relay control by 5-am3 fuses. The circuitemployedto provide 
variable speed is sham as Fig. 3. This arrangement required starting of the 
motor from the commeroisl power source to prevent failure of the 5-amp fuses. 
Since the speed-versus-voltage CW- characteristic of the engine generator 
WBB not linear, it was necessary to use a Veriac variable trenefonner to pro- 
vide the proper proportional voltage at the reduced frequencies. In conduoting 
the subsequent evaluation tests, the traffic controller was provided with a 
remote control switch by which he could q elect either the normal. 28-rpm antenna 
acan (in which caee the drive motor wae fed by its normal supply) or sny 
We-set rotabionel speed from 14 to 28 rpm (in which naee the drive motor wae 
fed from the engine generator supply). Irensfer under load was possible with 
this arrangement so that target comperisons could be made at the two different 
r&tee on two successive scens, 

In the caee of those tests performed using the TDIZCL-bendradar at 
rOt&tiond speed.3 ranging from 6 to 14 rpm, no extensive modifications were 
required. The antenna ~ceammg system of the L-band radar uses a dc motor 



controlled In speed through en amplidyne generator. N-Y, the Control 
field of the amplidyne is fed from the oUtput of a control amplifier the inpUt 
of which 1s determined by the error volt&p frCGD the rOtOr of a eeleYn COntrol 
transformer. Thie selsp IS normally driven by a variable epeed eleving motor* 
The PPI indicator followa the antenna through a separate BeI Control eDt-- 
Considerable difficulty wee experienced in proper operation of the PPI yoke 
follow-up ayetem at the higher rotational epeede inaemucn a5 the gear- and 
the yoke drive motor employed were originally designed for lower q peede. 
Angular errore thus inlxoduced were coxeiderably decremed by modifying the 
antenna drive q yetem 80 that the antenna wef3 elaved to the indicator rather 
than to the elewingmotnr. 

Scope. 
Paralleling the evaluation of surveillance radar with respect to the 

accuracy of PPI-ccntxolled epproachee et reduced entenna ecen ratee, an over- 
t&l evaluation of radar performance at the lower eca~ing r&e8 Wea mado. It 
has bee2 ahown %heorec,icelly theA MT1 ape-mtion, pertlcr;lerlg over ereae Of 
heavy gound clutter, can be l.inp?xed by lowering the rate of antenna 
rotation. The effectiveness of MT1 operation ia decreeeed 88 the ret10 betwe= 
the amplitude of return from stationary targets and the amplitude of return 
from the deeiTed mov'ls;g tcget ix-ceaaee. TIna in due to the fact that Tetm 
from s;fitionaq targets, w3en codpsed on e pulse-to-pulse baeie, co&&in 
fluctUaxlr;g componenie much the fame ae those normally obtained from moving 
targets. In generd, the eqpli~rde of theee fluctuatione increases tith the 
nnplit~le of the reflection from the etationary target; end when tneae flu&U- 
t->'one 5xome czmpparable in amplitude to the fluctuations normally expected 
from the moving target on e pulse-to-pulee beeis, it is no longer possible to 
dietinguieh between the two. An inherent MT1 factor, which tend0 to favor 
the moving target in this respeti, ie the repetitive nature of the moving 
target's return (phase shift) compared to the random fluetuatione and phaee 
ehifte characteristic of stationery reflections. This line of reasoning indi- 
c&tee that the mater the number of reflections obtained per ecan per target 
the more efficient will be the hTI ayetem in differentietLng between stationery 
and movbg targets. The ability of en MPI eye&m to perform thie differentia- 
tion is generally defined in terms of subclutter vieibility, which ie the 
decibel (db) ratio of the emplitude of the stationery target return to the 
wlitude of the moving target retulP at which ratio moving target8 ere juet 
diecernFble when flag over clutter. This ratio increases, althoUgh not 
ll~eerly, Vith an increasing number of bite per ecen. According to lnformaticpl 
CO?tained in the menufa&.Wer'e Instruction book, the eubclutter visibility 
of the Type ASR-1 radar ie epproxlmately 15 db at a BO&U rate of 28 rpm. So 

mq variables ere involved in performin& such e celcxlation that it is vir- 
ttiy impoeeible to determine stazistically how effective any given increase 
ia the number of hits Will be in improving MpI presentations at any specifio 
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radar site or in any particular ereae relative to that radar cite. Direct 
examination of the controller~e display at different antenna ecau rate0 
appear8 to be the moat effective method of determining the degree of improve- 
ment . In addition to exdning the effect of reduced scanning ratee on 
eubclutter visibility, the effect on reder coverage In the abeence of HP1 
was de0 exeminaa wltb reepect to maximun range, operation through precipitation, 
ami general appeeranca of the dieplay. 

Subclutter Visibility. 
Tame is no evidence to indicate that any appecieble improvement 

in target return wae effected through reduction of the 8cen rate from 28 to 
I \ ,'i _ 

14 rpm. Anelyeie of the compiled data reveals no correlation whateoever 
between the number of fade-outs and the entenua q can rete. In mm camea, the 

' +'; 

number of fade-outs per approach wae greater at the lower reterr of Been then 
t, (1 - 

at the maximwi rats cf 28 rpm. Tablee VII, VIII, and IX illuetrate this point. 
: ' 

z 

TaWe VI; js a ~abularlon of f&e-outa at various antelaa rotational 
rates %r all of thh apprvacheo nde over Location 13 on Runw-sy 7, which 1 !. 
location may be id+z?r,'-Ffie6 d Fig, 19. Table VIII is a ~tilar ZabulatiOn for 
Locetim 20 ~3 Fiunr~fy 4. Table EC tabtites *k sane data for dl epproaohee 
and inriudes ell of the fds-outs recorded at Locatione 2, 3, 9‘ 12, 13, 14, 
19, end 20. 

In m eft'ort to obtair evidence that the theoretica1J.y predicted 
bpromment wag actually atkaind, aircraft were guided by rader through arem 
rf pa?t?zularly henvy clutter e& the target quality wee examined at different 
acan rates. lko different techniques were employed in making these observa- 
tion0 " In some cams, the aircratt wae guided 07er the mme traclf eeveml 
tmes with a change in seaming rate perfomed between succeesive ruue. In 
other caaee, the antenna acann+a rate wae changed between successive ecene 
in en effort to compsre the reldtve quality of the radar signal. In neither 
ceae wee the- a perceptible diQ" Lerence in th4 quality of the target a8 dis- 
played on the in&c&or. Scope photographs of a predetermined box pattern 
flown at different ecen r&et3 also fail to reveal a3y eignlficant difference 
in the reliahility of target returna. Some of these photographe are reproduced 
in Fige. 21 to 25. 

F&lure to eubetantiet3 the theoretically predicted knprovement ie 
quite poseib3y due to the number of vezlables of un!+nown magnitude which were 
present and lrhich could well obesure eny relatively smell improvement In 
";:bclut-cer visibility. Included among these veriablee ere: antenna pattern, 
ainreft altitude, wind velocity, feithfWne 88 in following identicel tracks, 
msl radial vekdty of the aircreft. An extensive examination of these 
variables for the purpose of either eleminating or controlXng them was beyrd 
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the acope of this progmn. Bowever, a computation of ground woach 
speeds required to produce the firet radar blind speed wed made for each 
of the four runwayE employed. The reeulting curvw are shown in Fig. 28. 
Examination of these curves q howa that by neceeeity the large majority of 
amroachee had to be made et epeede approximating the firet radial blind 
apeed at which speeds the slope of the radial Epeed-vereue-response curve 
is gceateet. Thia condition, no doubt, contributed a greet deal to the 
incoosieM~~y of the data obtained. 

In order to check the maximum range capability of the ASR-1 
red= at different antenna ECW rates, a particular permanent echo at a 
distance of approximately15 milee weE eelected. With the antenna 
scanning rate at 14 rpm, the receiver gain WBE reduced until the echo 
signal WEB Just barely perceptible on the diepley. The Ecenuing rate was 
then increased to 28 rpm and the eignel strength again observed. There wae 
n0 apparent change in the appearance of the tezget at the two different 
Ecan rates. The acme procedure waB then cerried out in reverse Order with 
the eeme reeult. It wan concluded that no appreciable increase in meximum 
range coverage wee achieved through reduction of the scan?ing rate frcm 28 
to 14 l-pm. 

Precipitation. 
A maker of aircraft targeta were exarnhed while they were 

fLyyFng through heavy precipitation WeaE. C0mperisonE were made of the 
5vgnaY returns under these conditions at both 28- end 14-rpm scanning 
rates. They were aleo made on both a track-to-track end a BC8n-to-NXn 
be&e of entenna rotatiOnal rate changes. Theme obeervations indicated 
that there wan no improved target-to-precipitation ratio at the lower 
scan ratee. 

Generel Display Appearance. 
No marked difference0 other than the following were observed in 

the general appearance of the PPI display at the different ecen rates. 
1. The pereiEtence relative to the Ecan period appeared reduced at 

the lower ecea ratee, Indicating that eny improvement due to increased 
bombardment of the cathode-ray tube (CFKC) phosphor at the lower acan rate8 
wae more then outweighed by the decay cherecterietic of the CRT phosphor. 

2. With MT1 in operation, there weE lees tendency for the arce 
representing moving t-get.9 to split up et the lower scanning rates. 
This ie in accordance with theory, but the improvement in this reepect 
Is not considered of major Importance ~JIFLEILIU& ae there wee considerable 
breaking r;p of the targete even at the lower scanning ratee. 
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Operational. 
1. WI appmachee canbe conductedwith au accuracytithinthe 

tolerance of the radar equlpmnt iteelf throughout the range Of antenIle 
rotational rates teated (6 to 28 lp31). Within this we, there 10 no 
apparent relationship between the entanna rotational rate and the final 
approach accuracy et the one-mile point. 

2. With present-day aircraft, including Jet fighters, there ie merg 
little difference in the azuount of controller concentration required in 
conducting approachee at rotational rate8 of 28 rpm down to 18 rpm; however, 
an increaeing amount of concentration become6 neceseery e,B the mtetionel 
rate 16 reduced below 18 rpm. This extra menttal effort is caused by the 
increasing a~.~~unt of extrapolation required et the lower rotational retea. 
Controller reactions indicete that at 18 m radar poeition information ie 
being received a8 fast 88 the controller can make uee of it. While operating 
at rotational rata progreeeively lower than 18 rpm, the controller bee-8 
more and more conacioue of the fact that he ie waiting for the EWep to get 
around to the target again; in other Horde, he believe6 that he le not 
receiving radar position information aa fact 88 he would like to have it. 

3. In conducting PPI approachee there ie no relatlonehip between 
entenua rotational rate and conm?micationa work loed. No appreoiable 
diffarenoe exista in the number of heading change6 required to conduct 
approSoheS et the various mtetionel rates teeted. 

1. Reduction of the antenna ecan rate frcm 28 rpm down to end in- 
rluding 14 rpm, all other veriablee remaining unchanged, did not result in 
cij- operationally observable improvement in eubclutter visibility. 

2. As a reeult of reducing the antenna acen rate to 14 rpm, there 
wag no appreciable improvement In any other performance characterletic of 
chs radar. 

1. Other meane for improving subclutter visibility beeides increasing 
*bits-per-scan" should be thoroughly explored. These methcde should include 
mwe careful siting end antenna pattern control plus improveme nt in the 
in~rnal etebllitiee of the M!TI syetem. 

2. tithe preeence ofanygaim obta3nedbythemethoda listed, the 
po~eibilitp of additional gaina through e reduction of antenna rOtat 
rebe should be re-emmined. 

3. In *i-awing up specificationa for future airport eumeillance redar 
W?bmdJ, other performance factors ehould not be restrio%ed by the fOrmer 
requirement of a high rotatiOnal rate. If performenc e canbe improvedo? if 



~~~~~I~aeicdreliebflityoanbe Fncraesed tbroughuae af alower edema 
rotational. rate, serioiw consideration should be given to IL decrease in 
rotational rate to B mldmmn of 18 I-pm. 



TABLE1 

PPIAPPmAcES~Y 

RdW Number 
Antama Of 

(rpm) Approach88 

6 15 

9 59 

I2 56 

14 53 

14 24 649 238 

18 29 552 230 

24 24 +r= 266 

28 39 774 264 

3lleplecermnt At 
1 Mile From RunWay 

A-age 
(feet) (feet) 

a9 255 

1557 299 

765 161 

lll7 238 



Controller 

A 
a 
C 
D 
E 
F 
G 
H 
I 
J 

i- 

TABLE II 

INDI'LlDUALC'XTROUERACCURACY 
PPIAPPROACKKS 

Average Displacement in Feet at l-Nile Point 
- 

1nd1.¶uapolie Airport Idlewild Airport 
Antemm (rpm) Abana b-Pm) 

6 9 12 14 14 18 24 

230 169 l&l 
217 310 199 289 
296 189 1I.l 133 

490 142 270 

124 44 
239 267 
306 ~7 
212 201 

270 352 502 
383 223 135 

325 254 
232 
204 
61 

255 299 161 238 238 230 266 264 

Prctiou~ rader experience of controllers: 
A, C = 60 PPI approaches. 
a, D, E, F, J = Severel hundred PPI qproechee. 
G, H, I - No prevloue experience. 

Radar 

Indianapolie 

IdleWild 

TABLE III 

E?ADXNG CHANGES 

Nwnher of 
Headbg changee 

-- 
I 

6 
9 

12 
14 

14 
18 
24 
28 

7 7 ! ! 
9 9 
7 7 
8 8 

8 
7 
7 
7 

28 

146 
140 
no 
239 
413 
313 

-- 
lierage 

4.5 
4.9 
4.0 
4.4 

4.7 
4.3 
3.9 
5.0 



TABLF.IV 

IND1ANAPoL1sFmART!3sTs 
SUMMARY OF FADE-OUlS 

*Loca- 
tion 
NO. 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

: 
4 
4 
4 
4 
5 
5 

Antenna 
Rate 

12 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
9 

; 
9 

12 
12 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 

9 
12 

i 

3 
2 
1 
2 
3 
4 

e9 
5 
3 
4 
3 
7 
6 
3 
1 
2 
2 
7 

No. 

Of 
Fade- 
outs 

6 j 
2 / 

Qoca- Antenna 
tion Rate 
No. b-P=) 

5 

2 

2 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

2 
6 
7 
7 
7 
7 
8 

; 
9 
9 
9 
9 

12 
14 

; 
9 
9 
9 

; 
9 

; 
9 

I.2 
12 
12 
I2 
12 
I.2 
12 
I.2 
12 
12 
12 
12 
14 

9 
9 

12 
I.2 
12 
12 
12 
12 
12 
I.2 
12 

No. 
Of 

Fade- 
outa 

4 
1 
2 
1 
2 
1 
2 
3 
3 
1 
2 
3 
1 
6 
5 
3 
7 
6 
3 
7 
3 
3 
3 
1 
2 
5 
2 
5 
2 
2 
1 
7 
8 
1 
2 
1 
3 

*Loca- Antenna 

tion Rate 
No. b-Pm) 

9 
9 
9 
9 
9 
9 
9 
9 

10 
ll 
ll 
11 
11 
ll 
11 
ll 
ll 
ll 
11 
11 
I.2 
l2 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
13 
14 
14 
15 
15 
15 

12 
12 
12 
I.2 
12 
12 
12 
12 

9 
9 
9 
9 
9 

; 
9 
9 

14 
14 
14 

9 
9 
9 
9 

14 
14 
14 
14 
14 
14 
14 
14 

: 
9 
6 
9 
9 

No. 
Of 

Fade- 
outs 

3 
3 
2 
6 
2 
6 

E 
2 
2 
2 
2 

11 
2 
4 
3 
2 
1 
1 
2 
2 
1 
1 
1 
3 
2 
2 
2 
4 
2 
2 
2 
1 
1 
1 
1 
6 
5 

* See Fig. 5 



TABLEV 

IDIzwlLD RADAR TESTS 
SUMMAFIYOFFADE-OUTS 

*Location Antema 
Nmber Rate 

b-P4 

1 28 
1 28 
1 28 
1 28 
1 28 
2 28 
2 28 
2 28 
3 28 

z 28 28 

2 28 28 
7 28 
7 28 
8 28 
8 28 
8 28 

: 28 28 
8 28 
8 28 
8 28 
9 28 

10 28 
10 28 
11 28 
ll 28 
ll 28 
11 28 
12 14 
13 14 
13 14 
13 14 

+ see Fig. 6. 

Fade-Outs 

4 
Lost completely at 2 tile6 
Loet co@etely at 2 milea 
L6at completely at 1 l/2 milea 
Lost ccm$etely at 1 l/2 milea 

; 
1 
1 
Target xwielble on downvind leg until 3 milea north 
Target irxleible on downwind leg ukil 3 miles north 
Lost coiqletdy at 1 l/4 mile0 
Loet cccpletely at 1 l/2 milee 
Loet cony:ete'y at 13/4 mllee 
Lost co~~;etaly at 1 l/2 mllee 
Lost cwxpletely at 2 miles 
Loet completely at 2 miles 
Loet ccmpletely at 2 miJ.ee 

z 
3 
4 
2 
2 
2 
2 
1 
3 
3 
1 



Rate 
(rpm) 

13 14 
13 18 
13 18 
13 18 
13 18 
13 18 
13 18 
13 24 
13 28 
13 28 
13 28 
13 28 
14 18 
14 14 
15 14 
15 14 
16 28 
16 28 
16 28 
16 18 
16 18 
16 18 
16 18 
16 18 
16 18 
16 18 
16 14 
16 14 
17 18 
17 14 
17 28 
18 24 
19 14 
19 14 

TABLEiV(C!oathued) 

IDLmILD RADAR TEmi 
SmY OFFADE-OUIS 

Fade-Oute 

3 
2 
1 
2 
1 
1 
2 
2 
1 
2 
2 
1 
2 
1 
3 
1 
2 
2 
1 
3 
1 
1 
1 
1 
1 
1 
2 

2. 
2 

z 
1 
2 



TABLET’ (Continued) 

rLocatlon 
Number 

AnteDna 
REte 
b-J?4 

19 24 
19 14 
20 14 
20 14 
20 14 
20 14 
20 24 
20 24 
20 24 
21 14 
21 24 
21 28 
22 14 
22 14 
23 18 
23 24 
23 24 
23 24 
23 24 
23 24 
23 24 
23 24 
23 24 
23 24 
23 24 
23 24 
23 24 
23 24 
23 24 
23 24 
23 24 
24 24 
24 28 
25 24 

See Fig. 6. 

Fade-Outs 

Very weak target 
1 
2 
3 
Target invieible on dcmwindleg~il3tieeeorvth 
Impoeaible to identify until 2 l/2 mllee couth 
2 
1 
1 
1 
1 
3 
3 
2 
1 
1 
1 

z 
2 
1 
4 
1 
4 
1 
1 



Quetiiona Asked An& 

1. In your opiniou, wae the 
radar equipment opmating In a 
q atier’actoxy matsler7 

2. Wee it neceeeary to make 
nwieroue adjuetments in gain 
control wnlle making en 
approach? 

3. I3 your opinion, 1as tlm 
MT1 p~oeent8tion adequate for 
the control of termk3l mea 
traffic? 

4. Did the tm& dieappar 
fox aa exceeeive length of 
timeduringtume? 

5- Waa it difficult to judge 
w2en to start the turn-on to 
finalapproach? 

6. of you fouud thatyuuover- 
sbotoruuderehottheturn-om 
for coneidemble dietrue, to 
h%Jch of the following reaeme 
doyouattribute thie error? 

a. Slow pilot reection. 
b. Contcoller'e tsndency 
to waitiorone more look 
before making decision to 
turn. 
c. Loeeoftargetatthe 
critical point. 
d. Contmll=er*e tendency 
to CrlpBtal ball the actual 
p4wAtion of the alrcrBft. 

Ye8 
No 

Ye6 
No 

YQS 
No 

Ye0 
No 

Ye9 
No 

Number Repliee 
For Varioue AntamaRates 

Indfanapolie Idlewild 
14 

5 

5 

2 
3 

5 

1 
4 

1 

1 

6 9 

3 
2 3 

12 

7 
1 

14 

4 
2 

2 5 7 6 

13 
13 

5 
3 

2 z 
6 
1 

2 6 
: 

2 2 

3 

12 

18 24 28 

5 4 

5 4 

4 2 
12 

1 
5 3 

t ; 

11 

5 
3 

3 
5 

3 
5 

1 
7 

1 
7 

1 



TABLE VI (Continued) 

QUESTIONlIMRE SlslMARY AlRPORT SURVEILLANCE RADAR IKnATIoN RAT!Js 

Queetionm Aeked Am. Number Replies 

8. MlsJudgimnt of the 
mount of wind drift 
dxlng t-n-n. 

7. Did you Peel that the 
turn-m was oufficiently 
accurate for B PPI approach? 

8. Did you experience any 
diff:culty Lq correcting for 
wind drift? 

9. DG you fsel that you were 
able to conduct aatisfacLory 
approaches ax this antenna 
rpm'l 

10. Did you experience any 
difficl-3ty in maintaining radar 
aeparzWm between two aircraft 
znthsteminal area on the same 
or converging coureee1 

11. Did you experience any 
difficulty ascertahing whether 
ox not you had radar eeparation 
hetwecn the aircraft being 
guided and other aircraft in 
the texminal area on convergIng 
coursea? 

12. How many inbound aircraft 
do you think it would be pas- 
eible to control by radar 
(i.e., maintain%ng radar 
separation end providing 
radar navrgation)? 

PBS 
No 

Yes 
No 

YSe 
NO 

Ye0 
No 

PM 
No 

Indianapolis 
6 9 12 14 

2 2 1 3 

4 
2 2 

2 5 
1 

3 
2 3 

1 

1 
11 

3 1 
2 
2 

8 6 

8 : 

6 

mlewild 
14 18 24 

13 1 

28 

2 

4 5 4 
1 

8 

1 1 
4 5 3 : 

3 4 4 6 
2 1 2 

4 
2 6: 

1 
7 

4 3 
15 3 

, 6 

j 4 
I 



TABIZ VI (Continued) 

Q'JETIONNAE~ESUMMA~YAIRKRTSWVE~ RADAR ROTATION RATES 

Questiona Aeked Arm. Number Repliee 
IndianapolL Idlewild 

69 ~14 14 18 24 28 

13. Did you experience any Ye0 1 1 12 12 
diffi-.rlty 'a idmttlfying the No 15 8 5 7 8 7 10 
azImaa?L ts:get'l 

14. Did tWe antenna rotational Mom 2 6 6 8 5 5 4 
speed reqtire rm-e or lose b&g - - - - - - - 
concebtratdon on your ~0s: Si3llP3 14 4; 
than requL'ed with the ASR-1 
when perfaming a q imila? tm 
opera: ion? 

The ToYowing questlone ware answered at the ccropleticn of the evaluation, 
uein;: CPS-5, and agah followhg ASR-$ evaluation t0ate. 

Replfee 
Indianapolie - 

15. V'zat ie the ?mest 
rota-mnal rate wed that you 
con?ui$r wculd pa!ait en 
averdggr controU.er to perform 
adequately .YU radar-controlled 
functions (FTI approach radar 
guJdance,maintaining threemilee 
eepezstion in the ten&Xi area 
and on the final amoech, and 
identification of target) with- 
out undue gueeework or exceeslve 
concentration? 

16. Do you W it will be 
difficult to trainnewpersomel, 
using the loweet rotational r&e 
aa specified in Question 151 

Nose 
None 

14 rpm 
14 rpm 

Yee 
YOE 
Ye0 
NO 

1dlewi1u 

14 rrQ 
18 m 
18 m 
18 rpm 
18 + 
18 m 
firm 
24 rpm 
28 rpm 

No 
No 
No 
No 
No 
No 
No 
MO 
No 
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FIG I FINAL APPROACH ACCURACY, 
INDIANAPOLIS PPI APPROACHES 



LEGEND 

14 RPM 

--- IEI RPM 

. . . . . . . . . . . . 24 RPM 

--- - - 28 RPM 

FIG 2 FINAL APPROACH ACCURACY, 

IDLEWILD PPI ACCROACHES 
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FIG 3 DISPLACEMENT AT ONE MILE POINT 
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DURING EeiCH APPRDelCH. *N OBSERVER RECORDED 
THE NUMBER OF HE*DING CHANGES WW‘H WERE 
REOUIRED TO TURN THE *IACRPFT FROM BASE 
LEG TO FINAL APPROACH *ND GUIDE THE AIF- 
CR*FT DOWN THE FINitL APPROACH P&.TH TO 
A PO,NT ONE MILE FROM THE END OF THE 
RUNWAY THIS DATA APPEhRS IN TABLE ID 

A.RROWS INDICI\TE POINTS AT WtiICH HEADING 
CHANGES WERE TRANSMITTED TO THE PILOT 
IN THIS TYPIC&L PPI APPROPlCH 

FIG 4 MEASUREMENTS OF COMMUNICATIONS WORK LOAD 



FIG 5 LOCATION OF FADE-OUTS DURING PPI APPROACHES, INDIANAPOLIS 
I,, >YN 

8’ P, /’ 



























ATLANTIC 

OCEAN 

N 

\ 

! 

0 5 ID 
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FIG 26 IDLEWILD VECTOR PATTERNS 



rp---KI ----- 
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ASOLINE GENERltTOR 110-220" AC 30-60 'v 
4 I 

I r/ c 

r------ 

i 0 i CONTROLLERS’ 

“*RI*BLE 

IL?-1 

SWITCH AT CONSOLE 

FIG 27 VARIABLE SPEED CONTROL OF TYPE ASR-I RADAR ANTENNA 



FIG 28 GROUND APPROACH SPEED VERSUS DISTANCE TO LANDING END OF RUNWAY 
REQUIRED TO PRODUCE F’RST RADIAL BLIND SPEED 1120 MPHI, IDLEWILD 


