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This report describes operetional and technicel tests conducted
to determine the effect of changing entenna rotational rates on Type ASR-1
eirport survelillance radars. The operational phase of thie program was
parformed by elr traffic ceontrol persomnel to esieblish the accuracy and
ralative work load imposed on the radar cperator by spproaches made a2t
verious rotationel speeds. The program included additlonal tests using two
or more aircraft to determin® the effect of these varying rates on the
egbility of a controller to establish end meintain approved radar eeparetion
in an airport terminal area. Engineering persomnel cerried out a technicel
evaluetion in order to ascertain the performence o the equipment at the
varying rates.

The antenna rotational rates evaluated in this program renged
Tfrom 6 to 28 revolutions per minute (rpm). Two radars were used. An L-band
re=lar located at the Technical Development end Evaiuation Center at Weir
“n.- plrport, Indianapolia, Indiena was used in tests of 6, 9, 12, and 14 rom.
L Trpe ASR-l S-bend rader loceted at New York International Airport (Idlewild;
wes mzed in tests of 14, i85, 2k, and 28 rpm, Measurements for the accuracy
testy were compiled from 292 se . ( T ) approeches.

Results of the operational tests indiceted that there was no cor-
slation between the radar Totetional rate and the approach accuracy over the

ntira rom ranga +ostaid e acciracy of epnroachea at 2l) rotetional rates
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caged well wlithin the toleranmce of the radar equipment itself, Surmaries
. the PPI approach results and of the individual controller accurscies are
presented in tebular form. See Tebles I and II.

The results aleo Indicated thet there wes no correlation between
the entenne rotetioral rate and the communicatlons work lead., However, 1t
13 apperent that there was a considersble increase in mental effort necessary
to conduct approeches at rotational rates below 18 rpm. This increese was
due to the increased extrepolation, known as "crystal belling,"” required
in visualizing the current position of the mircraft involved., The results
oblained fron a questiomnaire presented to the controllers after each run
ar3 tebuleied In Table VI.

Terhnical tests on the Jdlewild installation indiceted thet reducing
F2e Type ASF-l radar anlenna rotational rate progressively from 25 rrm to
"' rpm produced no appreciable improvement in the moving target indicator (MTI)
Terformance,
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INTRODUCTIOR

At certain airport survelllance reder locations, severe ground
olutter (vhich is the ground return, or the reflection from stationary
tergets) precludes satisfactory tracking and gulding of aircreft by redar
through the ¢lutter areas, even with the MTI adJusted for optimum perform-
ence, One solution to the problem appeered to be the reduction of the
antenna rotational rate, since improved MTI performance was theoreticelly
predicted et lower speede. To velidate the essumption, an evaluation of this
technicel problem wes indicated, A4s a corollary to the MTI improvement evale
uation, it was also necessery to determine what effect lowered antenua speed
would have upon the operational use of the Type ASR-1 reder should the expected
technical improvement in MIT meterialize, At the requeat of the Administretor
of CAA, TDEC essisted the (ffice of Federal Airways in performing this task.
At a meeting held st TDEC on August 28, 1951, a committee was selected to plan
the necessary program, to conduct the tests, and to prepare e report containing
recommendations. This committee was composed of the following men from the
Office of Federal Alrwaye: Robert A. Teylor (Chairman), John A, Apulil,
Dernard R, Boymel, end John F. Zwaska; and from the TDEC: Richard C, Borden
cnd Noimen R. Smith, Thie report contains a résumd of the tests and results
ol the evaluation program, togetheor with comelusicms regarding the effects of
changing antenna rotatiornel rates,

EVALUATION OBJECTIVES

The evaluation of various entenna rotaticnel retes wee made from
tests conducted to determine whether reducing the rates would resolve tech-
nical and operational problems now assoclated with redar systems et terminel
areas, The evaluetion was mede to determine;

1, Whether a decrease in rotational rete would improve the MTI
performance of the Type ASR~l rader.

2. The controller work losd and degree of mental concentration required
et the verioua rotationsl rates.

3. The accurecy with which FPI epproeches maey be conducted at varilous
rotaticnal rates when varioua eircraft speed types and clssses are used.

4, The ability of a controller to esteblish end maintain approved radar
separation between alrcraft within a terwipel area,

EVALUATION PROCEDURES

Before the accurecy tests wers started, the extended rumway center

'~268 Were surveyed to a point 28C feet from the approech end of each runway.
" r7eyor's stekes were established at these points to mark the lozation for

A% theodolite used in the approach tests. Two-wey radio commmications were
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established botween the radar controller and the aircreft and also between
the reder comtroller and the theodolite crew,

Personnel requirementa for the accuracy runs included two men at
the theodolite and two men at the rader conticl position., At the theodolite,
one men performed the duties of {racker while the second msn recorded the
measurement dete and handled the mecessary communications., At the radar
poeition, one operator performed the comtrol functions while the other opex=
aetor recorded the necessary data end co-ordinated the airecraft movements
with the control tower. An audie oscilletor, or beeper, was comnected to
the communication tramsmitter et the rader position; and ae the alrcraft
passed each mile marker on the final approach, the rader cperator depressed
the beeper cortrol which sounded a high-pitched tone as & eignal to the
theodolite operator to take e displacement reeding, The displacement readings
taken at the theodolite position, the record of headlnge issued, the target
quality, and the comments of the operstors formed the data for the accuracy
tests,

Various speed classes of aircreft weroe utilized in tonducting these
tests. At Indienspolis, aircreft types included a Piper Pacer (slow ¢less),
several C-46 and DC-3 tranmsports (medium class), end en FOF jet (fest claes),
At Tdlewlld, aircraft types imcluded e Stinson (slow claess), a twin-engined
Beech and a DC-3 (both medium class), and an F84 Jot (fast class}.

Photographic records of the rader indicetor were made et various
antenna rotetiopal rates. MII performance wes reccorded by making time ex-
posures showing en eircraft flying a box pattern around the eirport and through
areas where fixed tergets produced high clutter density.

Throughout the evaluation sll pilots were briefed regarding the
necessity of flying only the headinge ilssued by the reder operator, end they
vere requested to meke no ettempt to achieve a visual line~up with the rumway.
Close co-ordinetion was effected between the rader controller end the associ-
ated control tower in all Instances. The control tower decislons regerding
the granting or withholding of epproach cleerances were followed rigidiy. In
order to avold interference with normal airport treffic, most of the FPI
aepproeches were conducted on a rumway other then that helng used for take-offs
and landings. For this reescn most of the epproaches were made with an
Jrpreclable crogs~wind component which inereased the radar controller's work
“crd aomewhet, since compensation had to be made for wind drift, However,
3’we this complication wes encountered throughout the test program, it ie
nsileved that it did not sppreciebly affect the relative accurecy of approaches
-% eny epeclflc anbtesma rate over those of any other rate tested.
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OFERATICIAL EVALUATICON

Operatiocnal Teste at Indianspelis,

Vhen the L-band rader was used, 1t was noted early in the
evaeluation that any chenge in entenna rotetionel rate necessitated a realign-
ment of the mep overlay. Since the equipment did nmot have & readlly accessible
centering adjustment, it wsas necessary to have alrceraft fly sutomatic instru-
ment landipg system (IIS) approaches to the instrument runweys and to move
the map overley until it would colncide with the extendad runwey ceater line,
Visual approaches were made to elign the map overlay for thcee rumwaye not
served by an ILS. To iInsure accuracy of map seligmment, the theodolite crew
edvised the radar controller vhenever the aircraft wae definitely established
on course,

Fig. 1 shows the accurecies cbtaimned for the PPI approaches made at
Indianapolis et antenna rotational speeds of 6, 9, 12, and 14 rpm, The one-
mile point dieplecements rated ms usable (500 feet) end those rated as exzcel-
lent (300 feet) are plotted in Fiz, 3 and compured with the date teken at
Idlewild, Fig. b shows typicel pointe at which heading chengss vere tramsmitted
to the pilot, and Teble IIT lists the maximm and average number of heading
changes required at different rotalionsl epeeds, During the runs, the locations

of fade-outs were either noted or recorded on film srnd are shown in Fig. 5; &
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pumuery 1s provided in Table IV.

Photographic views of the PPI operating under various conditioms,

gsuch as entenmna rolatiopal rate, gu..l.n, aircraft P" tterme 3 and different u_yl..lbs
of eircraft, ere reproduced in Figs. 6 to 18.
Operational Tests at Idlewild,
nnnnnnn . = mds TAN mwedT A wrmeam adard ] T
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Idlewild controllers thaet the overlay mep wes accurete on ell runways except
Runway 22. The Idlewild controllers suggested that, when conducting approeches
to Runway 22, the aircraft target should be directed to an imeginery runwvay
center line _pﬁEJ.J.E.L to and BJ.lgn'G.Ly %o the rlg,m:- of the extended runway
center line as shown on ihe map overlay. The mep overley inaccuracy for this
runway may heve coniributed to the greater averege error shown for the anterna
rotaticnel rete of 28 rpm, since several approaches were mede to Runwey 22 at

el e e

The ground clutier areas on the aprroaches to Runways 22 end 13 caused
the ailrcraft terget to fade out completely at & point two miles from the end
of the runway. The targets were not visible again until about one mile from
the end of the runway and in some instances were not visible asgain until they
had turned eway from the airport and were outbound two or three miles distant,
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It is believed that this condition resulted in lees mccurete approaches to
these runways because it was not possible to make any azimuth corrections
after the aircraft terget had reached a point two miles from the end of the
runvay.

Although the six-mlle range would have provided for greater sccu-
racy of epproaches, it was necessary to use the iten-mile range et Idlewild
because of the large arese of the airport. The finsl approach courses to Rune
vways 4 end 7 were found to be relatively free of ground clutter areaa, and the
tergets dild not diseppear for an exceseive length of time, The treffic
patterns used for rader teat approsches at Idlewild are shown in Fig, 26,

The MTI performance proved to be umastiafactoery at ell antenna
rotaticnal raies evalueted. In numerouws instances end as a result of the
ground clutter areas northwest, northeast, aod south of the eirport, &
departing aircraft target was not obeerved by the rader controllers until the
exrcralft was from one to three miles from the alrport. They also roted vwhile
guiding alrcraft for an approach that targeis would suddenly appeer on the
Scope very close to the sircraft under rader control. In most of theese ceses
the controller did not have time to issue traffic informetion toc the alrcraft
being guided. The locaticne of the fade-outs during FPI approaches are shown
in Flg. 19, end a sunmery is provided in Teble V.

The accuraciss obteined on finel approach are shown in Fig, 2, and
the individusl controller sccuracies are listed in Table II, These are elso
compared in Fig, 3 with the displacement obtained om the final epproach at
the cne-mile point, The results of the questionnaire filled out by the cons
trolier after each run are listed in Teble VI. The measurements taken om
the commmications work load ere recorded in Teble III by the method
indiceted by Fig. L.

Durinz one phase of the eveluztion at Idlewild, a jet fighter waa
solicited to meke PPI approackes. When the pilot contacted the radar con-
troller, he was directed to proceed to the Floyd Bemnett Naval Alr Stetion
at an altitude of 1,500 feet mean sea level (MSL), S00 feet higher than the
normel altitude for other eircraft types. Controller persomnel were not
able to ldentify the alrcreft target when the pilot reported over the Floyd
Bennett Air Station; and numerous ettempte (including 360° turns, verious
headings, end flight over known visusl reference points) were mede to eatab=
lish identificetion., The pilot wese directed to climb to 2,500 feet MSL, at -
vhich altitude jdentity was esteblished and the redsr controller was able to
conduct a smtisfactory PPI approach.

In order to determine the gbility of e controller to esteblish and
nmalntein epproved redayr seperation between alrcraft within a terminal eree,
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276 approaches were conducted with four F&F-type alrcraft et the Idlewlild
Alrport. These aircreft operated within a speed range of 90 to 190 knots.
The apeed of a particuler aircraft was not kmown to the radar controlier
unless the informatlon wes requested, The approaches were conducted at rader
antenne rotetional rates of 28, 24, 18, end 14 rpm, Each eircraft was as-
signed & holding point, See Fig, 26. (ne was assigned to Point Able, two to
Riis Park Intersection, and one to Long Beach Intersection. As soon as pllots
reported that they had reached these pointa, radar guidance toward the final
approech couree was inillated to the alrcraft In the order in which the
reports were received. This was done to place the alrcraft on the final
epproach course to Runway 4, At the same tlme, approved latersl separation
between elrcraft was maintained. After the initiel run of four aircraft, the
two aircraft that were originelly essigned to Rlils Park were directed out-
bound on & headimg of 180°. After passing the outbound gate, these aircraft
were egain worked into the final spproach course, The other twe sirecraft
always returned to thely respective fixes via direct routes end were sgaln
considered in the problem, This reuting presented & comtrol problem that wes
constanlly chenging throughout the test.

It is significant tc note thet slthough some cantrol personnel
indlcated that es many a8 eix eircreft could be gulded at one time, ell the
radar guldance was accomplished over water ereas and to a rumway that wes
known to be relatively free of clutter ereas, It 1s believed thet thise
figurs ie not characteristic, if applied to the whole terminel area at
Idlewlld Airport, because of the large clutter zones existing over the land
erees around the alrport,

Photographs teken of the viewing screen of the rader opereting
under various conditions ere reproduced in Figs. 20 to 25,

TECENICAL EVALUATION

The engineering phase of the Type ASR-1 rader anterna rotationel
rete evaluation consisted of two separete parts, The first of these involved
modification of the antenne drive system to provide reduced rotational speeds,
and the second lnvolved an englneering eveluation of the radar performance
at reduced rates of antenna scan,

Equipment Modifications.

The Type ASR-1 reder entenna is driven by & 220-volt, &0-cycle per
second (cpe), eingle-phase, 3/4-horsepower (hp) motor. One limitetlon impomed
vpon the modification wae that the radsr, belng a commlssioned facility, could
not be disabied for eny apprecisble length of time., A study of the electrical
and mechanical changes required to replace the existing motor with either =a
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lower speed ac motor or with a variable speed de¢ motor revealed that such a

ma jor change would not only result in e two- to siz-month delay of the evale
uation progrém but would also necessitate decommissionlng the radar for two

or three days, Furthermore, any failure of the modified antenna drive
installation would require further disablement of the reder until such time as
the trouble could be remsdied or until the originel drive system could be
reinstalled., In view of this, some elternative method was sought which would
rot conflict with tne operational demsnds upon the radar. It was suggested
by the manufacturer that the motor be operated at reduced frequency end reduced
voltage in order to achieve veriable speed within certain limits. In order to
escertain that such a mode of operation would not damage the motor end to
assure that estisfaectory torque and horsepower could be maintained et reduced
speeds, prelimlnary tests were conducted by TDEC englneere et (klshoma City,
using the Type ASR-1l reder installed at the CAA Aercmautical Center.

The tests indicated that such a procedure was completely satlsfactory
at speeds down to epproximately 13 rpm, In order +to provide a verieble
frequency source of power, a 22Q-volt gesoline gemerator wa=s employed, It wes
decided that this techunique was practicel; amnd in preparation for the evaluation
Program, TDEC engineers were sernt to Idlewlld to perform e similer modificaticm
of the Type ASR-1 radaer located at that airport. Design of this type of
antenna drive motor is such thet operation at antemna speeds below 12 rpm can
result In connection of the starsing winding of the motor, which 1s controlled
by a centrifugsl ewiich, In this cage, if power 1e still epplied, the starting
winding will buwrn out elmost instently. In order to iImsure that this would
20t happen, tvo sets of line fuscs were installed, When operating from the
normal service of 220 volts at 60 cps, 50-empere (amp) fuses were inserted in
the line; however, when oporeting from the gasoline generator, these were
replaced through reley control by 5-emn fuses. The circuit employed to provide
variable epeed 1s shown @8 Fig. 27, This arrangement required starting of the
motor from the commerclel power source to prevent failure of the S-amp fuses.
Since the apeed-versus-voltage curve characteristic of the epngine generstor
was not linear, it was necessary io use a Variac variable tremsformer to pro-
vide the proper proportiomal voltage at the reduced frequencles. In conducting
the subsequent eveluation tesats, the treffic controller was provided with s
remote control switch by which he could select either the mormal 28-rpm antenns
acan (in which case the drive motor was fed by its normal supply) or any
pre-set rotetional speed from 1% to 28 rpm (in which case the drive motor was
Ted from the engine gemerator supply). Transfer under load wes posaible with
this errapngement so that target comparisoms could be wade at the two different
rates on two successive scans,

In the case of those tests performed using the TDEC L-band radar at
rotational speeds ranging from 6 to 14 rpm, no extensive modifications were
required. The entenne scanning system of the Leband radar uses a dc motor
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controlled in speed through en amplidyne gemerator. Normally, the control
field of the amplidyne is fed from the output of a comtrol emplifier the inmput
of which 1s determined by the error voltege from the rotor of a selsyn control
transformer. This selsyn is normelly driven by e verisble speed slewing motor.
The PPI indicator follows the entenne through e sepsrate servo comtrol system.
Considersble difficulty was experienced in proper operaticn of the PPI yoke
follow-up aystem et the higher rotationel speeds ineemucn as the geering and
the yoke drive motor employed were originally designed for lover speeds.
Anguler errors thus introduced were considerably decreased by modifying the
entenne drive system so that the antemna was slaved to the indicstor rather
than to the elswing motor,

Scope,

Paralloling the evaluation of surveillance radar with respect to the
accuracy of FPI-centrolled approaches at reduced antenne scan rates, an over-
all evelustion of redar performence at the lower scenning rates was mede. It
haes bee: shown theoresicelly that MIT operation, perticulerly over aveas of
heavy ground clutter, can be impr:ved by lowering the rate of antenna
rotation, The effectlveness of MTI operation is decreaesed ae the retioc between
the amplitude of return from stacionary targets and the emplitude of return
from the desired moving terget innresses. Thia is dus to the fact thet returms
from esationary targets, when coupared on e pulse=to-pulse basis; cantasin
fluctuetl lng componeals muck the same as those normelly obtalned fraom moving
tergets, In general, the amplituds of these fluctuations increases with the
amplitala of {he reflection from the statiopary target; and when taese fluctu-
t.ione broome camparable in emplivude to the fluctuatiome normally expected
from the moving target on a pulse-to-pulse besis, 1t 18 no longer possible to
cistinguish between the two. An inherent MII factor, which tends to favor
ths moving target in this respect, ie the repetitive nature of the moving
target®s return (phase shift) corpared to the random fluctustions end phase
shifts characteristic of stationsry reflections. Thie line of reasoning indi-
cates that the greater the number of reflections obtalned per scan per target
the more efficilent will be the MTI system in differentiating between stetionery
and moving targets. The sbility of an MTI system to perform this differentia-
tion is gemerally defined in terms of subclutter visibility, which is the
decibel (db) ratio of the emplitude of the atstionary terget retwn to the
caplitude of the moving target return at which ratio moving targeta ere Just
discernible when flyiag over clutter., This ratio increases, although not
linearly, with ar inecreesing nuwiber of hits per s¢en. According to informaticn
contained in the manufacturer's instruction book, the subelutter visibility
of the Type ASR-1 radar is epproximately 15 db at & scan rate of 28 rpm, So
many variables ere involved in performing such a calculatlon thet it is vir-
tually impossible to determine staetistically how effective any given increase
in the number of hits will be in improving MTT presentations et eny specific
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redar site or in any particuler erees relative to thet radar site, Direct
examinetion of the controller's dlsplay at different antenna scan rates

eppeara to be the most effectiva method of determining the degree of improve-
ment, In addition to examining the effect of reduced scanning rates on
subclutter vieibility, the effect on redar coverage in the absemce of MIT

was also examined with respect to mexlmm range, operetion through precipitetion,
and general appearance of the displsy.

Subclutter Viaibility.

There is no evidence to indicate that any epprecisble improvement
in terget return was affected through reduction of the scan rate from 28 to o
14 rpm. Anelyeis of the compiled dete reveals no correletlon whatscever '
between the mumber of fade-outs and the antenna scen reate, In scme cases, the ,
nunber of fade-outs psr spproach wes greater at the lower raetes of scen than !
at the meximm rate cf 28 rpm. Tablee VII, VIII, end IX illustrate this point,

3

Tahle VIT 1 a Sabulavicn of fade-cuta at varioune antema rotationel
rates or all of the approaches mnade over Location 13 on Runwey 7T, which
locetion may be idensified in Fig. 19. Tebls VIII is a cimilar tebulation for
Location 20 on Runwey 4. Table IX tebulates +the same dets for all approaches
and inriudes 81l of the fajz-ouls recorded at Locetlona 2, 3, 9, 12, 13, 1k,
19, end 20,

In en effort to obtair evidence thet the theoretically predicted
improvement was aciuelly attained, aircraft were guided by reder through arees
r T partrcularly heavy clulter and the target quelity was exemined et different
scan rutes, Two different techniques were employed in meking these observa-
vions. In some cases, the aircraft was guided over the same track several
times with a chenge 1n scanning rate perforuesd between successive runs, In
other cases, the entenns scamning rate was changed betwoen successive scens
1a an effort <o compare the reletive quelity of the redar signel. In neither
case was there a perceptible difPerence in thz gquelity of the target as dis-
Played on the indicztor, Scope photographs of a predetermined box pattern
flown at different scan rates elso fail to revesl amy significant difference
in the reliahility of targst returns. Some of these photographs are reproduced
in Fige. 21 to 25,

Fellure to substantiete the theoretically predicted improvement is
quite possibly due to the number of varisbles of unknown magnitude which were
present and vhich could well obssure eny relatively small improvement in
=whelutter visibility. Included emong these verisbles are: antenna patternm,
aircraft altitude, wind velocity, felthfulness in following identical tracks,
and radial velocity of the alrcraft, An oxtensive examinetion of these
variables for the purpose of either elimineting or controlling them was beyond



10

the scope of this progrem, However, a computation of ground approesch
speeds required to produce the first radar blind speed was made for each
of the fowr runways employed. The resulting curves are showm in Fig. 28.
Examinetion of these curves shows thet by necessity the large majJority of
approeches had to be made et speeds approximating the first radisl blind
speed at vwhich speeds the slope of the radial speed-versus-response curve
is greatest, This comdition, no doubt, contributed a greet deal to the
inconsistency of the data obtained.

Maximum Rengs.

In order to check the meximum range cepability of the ASR-1l
reder at different antemmna scan rates, a particuler permanent echo at a
dlstance of approximately 15 miles was selected. With the antenna
acanning rate et 14 rpm, the receiver gain wee reduced umtil the echo
8lgnal wes Just berely perceptible on the displey, The scenning rate was
then increased to 28 rpm and the signal stremgth again observed, There wes
no apparent change in the eppeerance of the target at the two different
scen rates, The same procedure was then carried out in reverse order with
the seme result. It was concludsd thet no appreciasble increase in meximum
range coverage Was achleved through reduction of the scanning rate from 28
to 14 rpm,

Precipitetion.

A number of aircraft targets were examined while they were
flying through heavy precipitetion arees. Comparisons were made of the
zignal returns under these conditions at both 28- end l4-rpm scanning
rates, They were also mede on both a treck-to-track and s scen-to-sScan
basls of antenna rotatiomal rete changes, These observetions Indicated
1hat there was nmo improved terget-to-precipitation ratio at the lower
scan retea,

General Display Appearance,
No marked dilfferencses other than the following were obeerved in
the genermsl appearence of the PPI display at the different scen rates,

1. The persistence relative to the ecan period appeared reduced et
the lower scaen rates, indiceting that any improvement due to increased
bombardment of the cathode-ray tube (CRT) phosphor at the lower ecan retes
Was more than outweighed by the decay characterlstic of the CRT phosphor.

2. With MTI in operation, there was less tendency for the arcse
representing moving tmargets to split up st the lower scanning rates.

This is in accordance with theory, but the improvement in this respect
is not compidered of major importance inesmuch as there wes considerable
breaking up of the targets even at the lower scanning rates,
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CONCLUSIONS

Operetional,
1. PPI epproaches can be conducted with en accurscy within the

tolerance of the radar equipment iteelf throughout the range of antenna
rotationel rates tested (6 to 28 rpm}. Within this range, there 1s no
epparent relationship between the entenna rotational rate and the final
approech accurecy at the one-mile point.

2. With present-dsy sircraft, including Jet fighters, there is very
little difference in the emount of controller concentration required in
conducting approaches at rotational rates of 28 rpm down to 18 rpm; hovever,
an incressing emount of concentration becomes neceseary es the rotationel
rate is reduced below 18 rpm, This extras mental effort is caused by the
increesing smount of extrapolation required at the lower rotational rates.
Controller reactions indicete thet at 18 rpm redar position information is
belng received as fast se the controller can make use of it, While operating
at rotational rates progressively lower then 18 rpm, the controller becomes
more end more coascious of the fact thet he 1& walting for the sweep to get
around to the terget agein; in other worde, he belleves that he is not
recoiving radar position information &s fest as he would 1like to have 1t.

3. In conducting PPI approachee there 1s no relationship betwesn
antenns rotationel rate and commmicaetions work loed, No appreciable
difference exista in the mmber of heeding changes required to conduct
epproaches et the various rotetional rates tested,

Urchnical.

1. Reduction of the anterna scan rate from 28 rpm devn to and in=
rluding 14 rpm, all other variables remaining unchanged, did not result in
eny operationally cbserveble improvement in subclutter visibility.

2. As a result of reducing the antemna acen rate to 14 rpm, there
w29 no apprecieble improvement in any other performance characteristic of
{ibo rader.

RECCMMENDATIONS

1, Other meens for improvipg subclutter visibility besides increasing
"bits-per-scan” should be thoroughly explored. These methods should include
wore cereful siting and emtenns pettern control plus improvement in the
internal etebilities of the MTI systenm.

2., 1In the presence of any gains cbtained by the methods listed, the
poreibility of additional gains through e reduction of entemns rotatiomal
reve should be re-examined,

3. In cérawing up specifications for future elrport surveillance radar
egnipment, other performance factors should mot be restricted by the former
requirezent of a high rotational rate. If performance can be improved or if
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mechenicel reliebility can be incrsased through use of a lower enterma
rotationsl rate, serious considerstion should be given to e decrease in
rotational rete to e minimum of 18 rpm.



TABLE I

PPI APFROACH SUMMARY

Airport Radar Number Displacement At
Antenna of 1 Mile ¥rom Runwvay

(rpm) Approeches Maximum Average

(feet) {feat)

Indienapolis 6 15 819 25%
9 59 1557 269

12 56 765 161

1k 53 1117 238

Tdlewild 14 2k 649 238
18 29 552 230

ol 2L 721 266

28 39 TTh 264



TABLE I1

INDIVIDUAL CONTROLLER ACCURACY
FPI APPROACHES

Controllier Average Displecement in Feet at l-Mile Polnt
Indianapolis Airport i Idlewild Airport
Antenna (rpm) Antenns (rpm)
6 g 12 14 [ 14 18 2k 28
A 230 169 18 124 Ly 146
B 217 310 199 289 239 267 150
c 296 189 11 133 306 227 270
D 450 1kp 210 | 212 201 239
E | 270 352 502 413
F t 383 223 135 313
G 325 25k
B 232
I 204 '
J €1
I
Aversge | 255 299 161 238 1 238 230 266 264

Provious radar experience of controllers:
A, C = 60 FPI approaches.
3, D, E, F, J = Sevoral hundred FPI approeches.
G, H, I = No previous experilence,

TABLE III

HEADING CBANGES

Radar rom Number of
Heading Changes
T Maximum Average
Indianspolis 6 T [ L5
9 S h.9
i2 7 k.o
ik 8 L.h
Idlewild 14 8 L7
18 7 4.3
24 T 3.9
28 7 5.0




TABLE IV

INDIANAPCLIS RADAR TESTS
SUMMARY OF FADE-QUTS

*Loca=- Antemnmae No. ¥Loca- Antenna Ne. | *Toca- Antenna No,
tion Rate of tion Rete of tiocn Rate of
No, (rpm) Fade- Yo. (rpm) Fadew No. (rpm)  Fade-
Outs Outs Outs
1 12 2 5 12 b 9 12 3
1 1h 3 5 14 1 9 12 3
1 14 2 6 9 2 9 12 2
1 14 2 6 9 1 9 12 6
1 14 6 6 9 2 9 12 2
1 1k 6 6 9 1 9 12 6
1 14 1 ! 6 9 2 9 12 2
1 14 1 6 9 3 9 12 4
1 1k L 6 9 3 10 9 2
1 14 2 6 9 1 11 9 2
2 14 2 6 9 2 11 9 2
2 14 5 6 9 3 11 9 2
2 1k 3 6 9 1 11 9 11
3 14 1 6 12 6 11 9 2
3 1k 7T 6 12 5 11 9 b
L 9 2 | 6 12 3 11 9 3
b 9 3 6 12 7 11 9 2
b 9 2 6 12 6 11 1} 1
4 9 1 6 12 3 11 14 1
L 12 2 6 12 T 11 1L 2
4 12 3 6 12 3 12 9 2
b 14 L 6 12 3 12 9 1
4 ih 9 6 12 3 12 9 1l
L 14 8 6 12 1 12 9 1
4 14 5 6 12 2 12 1% 3
4 14 3 6 14 5 12 1% 2
N 1% I 7 9 2 12 14 2
4 14 3 7 9 5 12 1k 2
L 14 7 7 12 2 12 14 L
L 1k 6 7 12 2 12 14 2
4 1k 3 8 12 1 12 14 2
4 1y 1 9 12 7 12 1k 2
L 14 2 9 12 8 13 9 1
L 14 2 9 12 1 14 6 1
4 14 7 g 12 2 14 9 2
5 9 6 9 12 1 15 6 1
5 12 2 9 12 3 15 9 6
15 9 5

* See Fig, 5



TABLE V

IDLEWILD RADAR TESTS
SUMMARY OF FADE-OUTS

¥Locetion Antenna Fade-Quts
Number Rete

(rpm)

28 L

28 Lost corpletely at 2 miles

28 Loat completely at 2 miles

28 Loat completely at 1 1/2 miles
28 Lost completely at 1 1/2 milea
28
28
28
26
28
28
28
28
28 Target ruvieible on downwind leg until 3 miles mnorth
28 Target invieible on downwind leg until 3 milss north
28 Lost completely et 1 1/4 miles

28 Loet carpletely at 1 1/2 miles

28 Loat corpletely at 1 3/L4 miles

28 Lost comvietely at 1 1/2 miles

26 Lost completely et 2 miles

28 Lost completely et 2 miles

28 Lost completely et 2 miles

28
28
28
28
28
28
28
11 28
12 1k
13 14
13 14
13 14

FHFHRPDDR P

ol -
FEESbvomnoooosoowuNourwuwmmnE - PR

M WWkERNNDMNDND FWEW

* See Figo 6-



TABLE V (Continued)

IDLEWILD RADAR TESTS
SUMMARY OF FADE-OUIS

*Location Anternma Fede-0uta

Nunmber Rate
{rpm)
13 14 3
13 18 2
13 18 1
13 18 2
13 18 1l
13 18 1
13 18 2
13 2k 2
13 28 1
13 28 2
13 28 2
13 28 1
14 18 2
14 1L 1
15 1L 3
15 14 1
16 28 2
16 28 2
16 28 1
16 18 3
16 18 1
16 18 1
16 18 1
16 18 1
16 18 1
16 18 1
16 14 2
16 14 3
17 18 L
17 14 2
17 28 5
18 2k 4
19 1h 1
19 14 2

*See Fig. 6.



TABLE V (Continued)

IDLEWTLD RADAR TESTS
SUMMARY OF FADE-OUTIS

¥.ocation Antermn Fade-Outs

Number Rete
(rpm)

19 24 1
19 1k 1
20 1} 3
20 14 1
20 14 i
20 14 1
20 24 1
20 2k 3
20 24 Very weak target
2], 14 1
21 2k 2
21 28 3
22 14 Target invisible on downwind leg umtil 3 miles south
22 14 Impossible to identify until 2 1/2 mlles south
23 18 2
23 2L 1
23 2k 1
23 2L 1
23 oL 1
23 2l 3
23 2h 3
23 24 2
23 24 1
23 24 i
23 24 1
23 24 2
23 24 b
23 24 2
23 24 1
23 24 b
23 24 1
24 24 4
24 28 1
25 2k 1

*See Fig. 6.



TABLE VI

QUESTIONNAIRE SUMMARY AIRPORT SURVEILLANCE RADAR ROTATION RATES

Questions Asked

l. In your opiniom, was the

reder equipment opareting in a

gatielactory manner?

2., Wes 1t naceasary to make
nusrous adjustmenta in gain
control wnile meking an
approazh?

3. I» your opinion, was the
MTI presentation adequate for
the control of terminsl ares
traffic?

., Did the terget dieappear
for an excessive lenmgth of
time during turms?

5. Was 1t difficult to Judge
vwaen to start the turn-on to
fina) approach?

6. If you found that you over-

shot or undershot the turm-one
for considerable distence, to
which of the following reasons
do you sttribute this error?

a. BSlow pillot reesction.
b. Controller's tendency
to welt for one more lock
before making decision to
turn.

¢. Loss of target st the
critical point,

d. Comtreller's tendency
%o crystal ball the actual
position of the aircraft.

Ang.

Yos
No

Yes
No

Yaa
Ko

Yes
No

Yes
No

Number Replies
For Verious Antenna Retes

Indianepolis

6 9 12 1
3 7 4

2 3 1 2
2 5 T 6
1 3 5 4
1 3 3 2
2 6 2

2 4 1 4
2 6 3 2
5 L

1l 1

2 2 1l 1
3 5 2

1 2 1l 1l

1L

5

La

Idlewild
18 24
5 4
5 4
hy 2
1 2
1

5 3
1 1
L 3
1 1

28

-~ v w

-+



TABLE VI (Continued)
QUESTIONNAIRE SUMMARY ATRPCRT SURVEILLANCE RADAR ROTATION RATES

Questions Asked Ans, Number Replies
Indianapolis ' Idlewild
6 9 12 1k 14 18 24 28

e. MisJudgment of ‘the e 2 1 3 l1 3 1 2
amount of wind drift |
during twn.

7. Did you Teel thet the Yes b 8 6 4y 5 &k 8
turn-on was sufficlently No 2 2 1
eccurate for a PPI epproach?

8, Did you experience any Yes 2 5
difficulty in correcting for No 1 8
wind drift?

ww
o
W
w
-

% Do you f£ael that you were You 3 7 6
uble to conduct satiefaciory No 2 3
approaches et this antenne

rrpm?

N W
&

=
N o

12. Did you experience any Yes 1
difficnlty in meintaining radar No 1 1 1
separaiion between two alrcraft

in ths termine]l aersa oh the same

or converging courses?

o &

o

11, Did you experience any Yes bl
4ifficulity ascerteining whether RNo 1
or not you had redar eeparation

hetween the alreraft being

gulded and other elrcraft in |
the terminel erce on convarging
courses?

-
w

w
o

12, How mapy inbound eircraft 3
do you think it would be pos-

aible to control by rader

(i.e,, maintaining radar

separation and providing

r1adar navigation)?

(A
N w
L L
W On O
[l WU VL )

EFOFFW
FOWENEN

O EWH



TABLE VI (Continued)

QUESTIONNAIRE SUMMARY AIRPORT SURVEILLANCE RADAR ROTATICN RATES

Questions Asked Ans,
Indianapolis
6 9 12
13, Did you experisnce any Yes 1 1
diffi~alty in 1dzntlPying the Fo l1 5 a

aire:a’t teaget?

1Lk. D14 this anterna rotational More 2 6 6
speed Tequire more or l=cs Less - - -
concoutrat.on on your pars Same

than requl.ed with the ASR-~1

when parfo.ming & simller type

opera.ion?

The {ollowinz questions were answered at the completion of the evaluation,

1k

1
>

using CPS-5, and agein foilowing ASR-} evaluatlon tests.

Indiernapolis
15. V¥1aat 1s the lowest None
rotational rate used that you None
considsy would parult an 14 rpm
averags controller to perform 14 rpm

adequetely ell redar-controlled
functions (FPI approasch radar
guldance, maintaining three miles
seperation in the terminel area
and on the finsl approach, and
identification of target) with-
out undue gusgework or excessive

concentration?

16. Do you think it will be Yes
difficult to train new persomnel, Yes
using the loweat rotational rate Yen
as specified In Question 157 No

Replies

1k

2
7

(2

[l

Kumber Replies

Idlewild
18 24

1
8 7
5 &
L4

Idlewild

14 rpm
18 rpm
18 rpm
18 rpm
18 rpm
18 rpm
18 rpm
24 rpm
28 rpm

No
No
No
No
No
No
No
No
No

28

2
10



AVERAGE DISPLAGEMENT FROM CENTER LINE OF FiNAL APPROACH COURSE (FEET)
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BASE LEG

DURING EACH APPROACH, AN OBSERVER RECORDED
THE NUMBER OF HEADING GHANGES WHICH WERE
REQUIRED YO TURN THE AIRCRAFT FROM BASE
LEG TO FINAL APPROACH AND GUIDE THE AIR-
CRAFT DOWN THE FINAL APPROACH PATH TO
A POINT ONE MILE FROM THE END OF THE
RUNWAY THIS DATA APPEARS IN TABLE IO

ARROWS INDICATE POINTS AT WHICH HEADING
CHANGES WERE TRANSMITTED TO THE PILOT
IN THiIS TYPICAL PPl APPROACH

(5

BN

"

——————— 4 -6 MI — -

FIG 4 MEASUREMENTS OF COMMUNICATIONS WORK LOAD
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X SCALE IN MILES
\\ <
TO X

RUNWAY
i3
RADAR @ 5 ; ‘:‘
SITE To
N+ _ 4————+ RUNWAY
- 27
W
NOTE

ARROWS INDIGATE
DIRECTION OF FLIGHT

i

RUNWAY

W :

"‘ @ DISTRIBUTION OF APPROACHES
RPM
RUNWAY TOTAL

l :JC @ 13 27 31 3e |APOMS
TO

6 15 15

RUNWAY
36 9 4 25 10 59
i2 3 35 18 56
P I8 35 53
TOTAL | 22 78 8| 65 |18

FIG S LOCATION OF FADE-OUTS DURING PPI APPROACHES, INDIANAPOLIS



FIG 6 CAA EXPERIMENTAL L BAND RADAR DISPLAY 10 MIILE RANGE
ANTENNA ROTATIONAL F?ATE I2 RPM NORMAL GA%N -

CFIG. ?_ ‘CAA EXPERIMENTAL L-BAND RADAR DISPLAY, 10+ MILE
. ANTENNA ROTATIONAL RATE i2 RPM WITH rvm




CEA TECHNICAL DEVELOFMENT
AND EVALUATION LEMTER
HHRHARAFOLS, MEHRKA




cen TECHAICAL DEVELOPRENT
AND FVALUAYION CENTER
| 851

CAA TECHMICAL DEVELCPMENT
AND EVALUATION CERTER
INCIANAPOLIS, IHZIANA




cah TECHNIGAL DEVELOFME
AND EVALUATICN CENTE
OLIS,

fcaa’ TECHHICAL DEVELOPMENT
i AMC EVALUATION CERTER
INDIANAPOLIS, INDIANZ




IgAd TECHRICAL DEVELOPMENT
AMD EVALUATION CENTER
|ND AR

INDIANAPOLIES, [N

Gas TELHNCAL DEVELOPMENT
AND EVALUATION ZEMYER
ENDEANARDL S, INCIANA




CAR TECHNICAL DEVELOSY
EWALL ENTE|

ieaA TECHNICAL DEVELOR
ND €VALUATION CENTER
IHDIANAPOLIS, IWDLANA




caa TECHNICAL DEVELDBMEN
ND LVALUATION CENTER




Can FECHMICAL DEVELOPMENT
AND EvAELUETHON CENTER
D,

18 CAA EXF’ERIMENTAL.L BAND RADJ—\R DISPLAY IO MlLE RANGE'-"

CLPIPER: PACER MAKI Gj;.-E?O DEGREE . CTURNS: NORTHWEST
'-_-NORTHEAST AND SOUTHEL\ST OF THE AIRPORT Cv46 MAK|NG

f_'-:;' 270 -DEGREE TURNS NORTH AND WEST (OF THE ‘AIRPORT.




S RONwAY

CFIG 9T LOCATION OF FADE-OUTS DURING PFIAPPRO




Cha TECHAICSL DEVELOPRE
A EVALUSTIDN CEMTER
1D bk

NORMAL GAIN;’

--.'f._m_RSP_E_ED 150 MPH ALTETUDE '2000 EET.




CAA TEOHAIEAL DEVELGEMEN
EvaLUATION enm:n
OIANARDLH

cas Ec»mca DEVELDPME.
ION




Can TECHNICAL DEVE| DPME:
AND EVOLUATION CENTER
THOIENAPQL,

L FI6.24 TYPE ASR-I' RADAR . DISPLAY, 10-MILE RANGE, IDLEW

.. ANTENNA ROTATIONAL RATE 28 RPM’ WiTH T,
U DC3 - AIRCRAFT FLYING A BOX PATTERN, =~ =
-.:'_AIRSPEED 150 MPH, ALTITUDE zooo FF_E

' srns 25 TYPE ASR-I RADAR DISPLAY, 1G:MILE RANGE,"
| _ANTENNA ROTATIONAL ‘RATE 24 RPM WITH MTI, .
NAVY JRB-FLYING BOX PATTERN ON DIAGONAL HEADING'
" AIRSPEED 126 MPH,~ALTITUDE' 2500 FEET: -
 STINSON 105 FLYING BOX PATTERN ON' CARD
"AIRSPEED 90 MPH, ‘ALTITUDE 2500 FEET
NOTE FADE- OUT AREAS NORTHEAST.
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FIG 26 IDLEWILD VECTOR PATTERNS
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