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EVALUATION OF QUADRADAR

SUMMARY

This report describes the operational and technical evaluation of
a Ouypdradar radar set to determine ite applicability to the present aar
traffic control system.

The %ests ind.cated that the airport surveillance radar (ASR)
function of Quadradar could nol be used for separating aircraft in *he same
way that other radar eguirment presenlly operated by the CAA is used. The
AJR presentation 1s not available 1f one of the other fumctions 1s in usge.
The corparatively narrow vertical width of the azimuth antenna pattern, and
the Tact that lhe antenna can be tilted by the operator, can result easily in
tne lesa of targets.

The precision zpproach radar (PAR) function of Quedradar proved to
be 1ts most useful feature, with performance similar to that of other types ol
PAR equipment. The Quadradar equipment has several advantages.

L It can be used for long straight-in precision approaches starting
from maximum radar range

2. The azimuth antenna scans a 30° horizontal angle, rather than the
20° gran ol the PAR-1 radar

3 The elevation cursor can be adjusted so as to form a steep gl:de
path for helicopter approaches

L If a suitable site is available, it can cover the approach paths to
four different runways. The azimuth and elevation cursors can be prealigned
tn permit four different prec¢ision approaches, which may be any combinstion
of the four runveys and high or low glide-path angles to the same or different
runways .

The height-finder function would be of little value for air traffic
control purpnscs. However, 1t might be ugseful in some typea of aircraft
ermergencies, or for estimating the heights of the bases and tops of cloud
buildups

It was determined that the relatively slow rate of antenna rotation,
and lack of resolution in the airport surface detection equipment (ASDE)
funct.on make accurate direction of taxiing aircraft extremely dafficult.
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The accuracy end resolution of the esurveillance and precision
approech functions were wrthin the limits specified in the instruction liter-
ature supplied by the manufacturer. The cursor accuracy was not within the
gpecified tolerances at close ranges. It was not possible to investipgate
curgor accuracy 1n greater deteil because of tame limitations.

Information obtained during the flight teats indicates that
rresent CAA flight-checking procedures are not adequate for checking this
type of equipment. Recommendationg relative fo desired improvements in
flight-checking procedures are included in this report.

Teat equzpment supplied with the Quadradar was mot adegquate for
maintenance purposcs, Tae individual units ere accessible and have suffi-
cient Gecat points for ma.ntenance work., Maintenance of the antenna system,
tranamitrer, and receiver would be very difficult under edverse weather
conditions unless the equipment is placed in e buildaing.

INTRCDUCTION

In July, 1957, the CAA Office of Air Navigation Facilities advised
the Technical Development Center (TDC) that a Quadradar being delivered to
the Army Signal Corps could be diverted to TDC for a period of 30 days, and
requested that an cvaluation be comducted, A 50-kilowatt (kw) system, with
500 feet of rcmoting cable, was subseguently receaved on July 19, 1657.

The Quadrader is manufactured by Gilfillan Bros., Inc., and
operateca In the X band between 9,000 end 9,160 megacycles (Mec). This equip-
ment has a military nomenclature of “Redar Set AN/FPN-33" and was designed
to be set up quickly and placed in operation by a minimum of personnel, and
to be tramsported by surface or air, As the name implles, this equipment
18 1ntended to perform four radar fumctions: surveillance (ASR), precision
approach (PAR), height-finding, and taxi (ASDE).

Installation of the Quadradar was made at the operating location
by TDC and Gilfillan personnel. The installation of a control-tower coordi-
netion interphone, air/ground and point-to-point transmitting end receiving
equipment, ete., was completed, and operating controls familiarization was
begun on July 39,

The 50-kw system was operated until August 5, 1957, et which time
the 50-hkw componenta were replaced by 150-Iw components. Shipping com-
mitments dictated the discontinuance of evaluation of the Quadrader on
August 1k, 1957,
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EVALUATION OBJECTIVES
The evalustion was conducted for the purpose of chserving:
1, Accuracy and other performance characteristica.
2. FEquipment reliability and stability.
3. Malntenance regquirements.
4, Flight-checking procedures.

5. The feasibility of shifting from ore function to another, such
es ASR to PAR.

o, Difficulties encountered in ettempting to control more than one
aircraft at one time end possible application at airports having :
only limited radar requirements. st

T+ Whether monitoring provisions are adeguate,
EGUIPMENT DESCRIPTION

The Quadredsr anterma system consists of two parabolic antennas
mounted on a rotatable pedestal, which in turn is mounted atop the
transmitter-receiver case ag shown in Fig. 1. Rotetion of the common ped-
estal permits heidht-finding or precision-approach operations in any desired
direction. Each parabolic antenna has a scan function of 1ts own, which 1a
derived from a common scan motor arnd appropriate mechanical linkage, One
antenra 18 horizontal and may rotate throughout 360° at 15 revolutions per
minute (rpm) for taxi or surveillence operation, or it may swing back and
Torth through a 30° sector for the azumuth portiocn of the precision ap-
proach function. The other antenna 18 vertical and rocks vertically through
a T7° or 31° sector to provide height-finding end the elevation portion of
the precision approach.

The elevation antenna has & vertical beam width of aprroximately
0.85° and a horizontal beem width of approximately 2.5°, while the szimuth
antenna has a horizontal beam width of approximately 0.95° and & vertical
beamwidth of 3% cosecent squared to approximately 30°. Each of the parabolic
antennas 1s 1lluminated by a horn similar to the one used on the CPN-U4 radar.
Horizontal polarization 1s used on the azimuth antemnna end vertical polarization
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18 used on the elevation antenna., However, circular polarization may be
uged on either antenna by turning a emell knob on the respective horn.

The transmitter-receiver group may be one of two typea. In one
type the nominal transmitser power 18 50 kw, whereas the power of the other
type 18 150 kw. The ccomponents are interchengeabie. Because the 150-kw
unit gave improved performance over *he 50-Xw unit, 1t was used for most of
the tesis.

The transzitter uses a Type 4J50T fixed-tuned, X-band magnetron,
which supplies a peak power of 150 kw., The mcdulalor consicts of a 5022
hydrogen thyratron switch tube utilizing a linear line-iype pulser. Thaa
system uses a 0.9-microsecond pulse at 1,500 pulses per second for all
funcilions except taxi cperation. When the unit 1s switched to taxi operation,
the pulse length 18 reduced automatically to 0,18 microsecond.

, Physically, the receiver is loceted at the duplexer, eliminating
the need for the remotely located preamplifier., The gigrnal mixer consiste
of 1N21-C and lN21-R crystals balanced to canccl local oscillator noise. A
Type 2K25 klyatron 1s used in the local oszillator circuit, which has no
/provigions for automatic frequency control, However, the repeller voltage
may be adjusted at the indicator console for optimum tuning on each of the
precigion-approach scen functions. The resulting 30-Mc signal drives an 1-f
strip, waich has a gain exceeding 100 deecibels (db) and & bandwidth of L Me.
An exception to this 1s noted 1n tax1l opsretion, when the gain becomes 9L dv
with a bandwidth of 11,6 Mc. 'Tae receiver has semsitivity-time-control (STC)
and fast-time-constant (FTC) circuitry, eny combination of which may Dbe
gelected by the operator. Moving-terget-indicator (MTT) provisions were not
included in the receiver.

A highly modified CPN-4 indicator displays the selected data in a
form suitable for interpretation. Figure 2 is a thotograph of the indicator
unit. Although the servo-zmplifier has been reconstructed for simplified
operation, the original CPN-L type of PPI still is maintained., In order to
rrovide for a precision approach display, the direction-finding circuitry
wag replaced with a new deflection system, which displays vertical and
azimuth data versus range on a bata-type scan.

The control-indicator group measures 24 inches in depth, 22 inches
in width, and 43 1/2 inches in height. When placed upon the power supply
group the over-all height 1s inereased to 59 inches.

Operationally, the Quadrader differs materially in several
Bignificant respects from radar egquipment presently used by CAA.
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1. All of the controls necessary for alignment are on the face of the
indiecator wunit, and are available to the operator,

2 The precision-approach function tskes the form of a beta-scan
pregertation on the face of the cathode ray tube 1n which the elcvation end
azimuth displays arc presented respectively on the upper end lower halves of
the tube face in the usuel manner, but i1n which the time base sweep extends
horizontally end moves vertically rather than angulerly acrosa the display.
See Fig. 3.

3. The clevation and azimuth cursors appear as logarithmically
Frogressive curves, rather than stralght lines, end have correspoundingly
greagter expension. Sece g, 3.

4. The PAR prescniation 15 ussble throughout the full 40-mile range of
the cquitment, and a 2-, 10-, 20-, or 40-mile dievlay msy de selected at the
discretion of the operator. The 10-mile range 13 expcnentially expanded.

5. 1If proper siting 18 provided, the PAR function can be used for
approaches to four runways, the selection of runway being controlled from
the operating position.

6, The entire anterma mount, including both entennas, is rotatable in
bolh a clockwise or counlerclockwise direction through 385°, and this
rotation 1s controllable from the cpereting position. See Fig. &,

7. The direction faced by the antemna mount is indicated during the
ASR presentation by a strcbe line on the face of the cathode ray tube, and
during the PAR presentaticn by a compass rose 1n the upper left corner of
the Indicator unit,

8. Begardless of the function selected, the degree of azimuth antenna
ti1lt is coatrollable from the operating position, from the surface to 25°
above, with the degree of tilt indicated on a calibrated instrument in the
upper right corner of the indicator unit.

9. The elevation antemna provides a sweep of 7° of vertical arc during
the PAR function and of 31° of vertical arc during the height-finder fupction.

10. The height-finder function utilizes the elevation portion of the
PAR presentation nut employs a different cureor. See Fig. 3.

The controls and indicators of the Quadradar differ in some respects
from those found on radar equipment now In use by CAA and i1nclude peveral
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controle normally available to the operators of the latier equipment. See
Figs. 6 and 7. From the top of the control-indicator group downward, the
coentrols and indicators requiling attention from the operator are:

Power Distribution Pencl Figure 5A
1. ZXMIR EQUIP OVLRHEAT Lights wuen transmitier equipment has
Indicator Lemp overhealed, indica®ting maintenence

attention 18 required.

2, 38CAN Bwitch ON position starts scanning action of
the antcrnas, throw to OFF position to
gtop the antennas for fine tuning.

3. LO TUNE EL Control Controls fine tuning of the elevation
antenna rebtuns,

4., LO TUNE AZ Comiiol Controls fine tuning of the azimuth
elevation antenna returns.

5. URANSMITTER HV OFF Push to turn off the hlgh voltage to
Switch the transmit+er,

6  TRANSMITTER HV ON Lights to indicate that the transmitter
Indicator Lamp high voltage 18 on.

7. TRANSMITTER POWER Controls the 117-volt a-c supply at the
Switch trapsmitter case,

8. TRANSMITTER HV RESET Push to turn the transmitter high

voltage on after it has been turned off,

9., S5TC Switch Maintains target brilliance as the
range varles.

Azimuth-Elevation-Range
Indicator Panel Figure 5B

1. MOUNT POSITICN INDICATOR During the PAR presentation indicates
the antenna mount position with respect
to magnetic north,

2, A TILT Meter During all functions of the Quadradar
indicates the vertical tilt of the
azimuth antenna.
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11.

12,

13.

VIDEQ GAIN Control
(Screw Driver Adjustment)

CATHODE RAY TUBE

COMPASS LIGHT Control

NAV HEAD LIGHT Control

TOCUS Control

INTENSITY Control

NAV HEAD

MOUNT POSITION STRCBE LINE

AZTMUTH end FEIEVATION ANTENNA

STROBE LINES

HEIGHT-FINDER CURSORS

ELEVATION and AZIMUTH CURSORS

Indicator Function Control Panel

T

Controls the gein of the incoming
video signal

Dasplays visual information concerning
range, bearing, and altitude of the

radar returns.

Controls the brilliance of the compass
rose lights around *he cathode ray
tube (CRT).

Controls the brilliance of the lighting
of the rotatable navigation head.

Controlas the sharpness of the display
on tae CRT.

Contrels the bralliance of the display
on the CRT.

Rotates to align the grids in the
desired direction across the CRT.

Indicates the direction the antenna
mount 15 facing.

Indicates the positions of the antennas,

Used durang the height-finder functionas,

Provide glide-path and track guidance
to the operator in the PAR functiom,

Figure 64

1.

2.

FTC Switch

FINAT. APPROACH-SURVEILLANCE -
EEIGHT-FINDER Switech
(SCAN SFIECT Swaitch)

In ON position, reduces the size of
targets on the CRT.

Selects the PAR, ASR, or HEIGET-FILCER
functaicns.
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11.

EL CURSOR Switch

MOUNT POS Switch

IF GAIN Control (AZ azd EL)

CURSCR ALIGN Switch

EL STROBE Switch

EL ANT LEFT-RIGHT Con’rol

A7, ANT UP-DOWN Control

HEIGHT-FINDER Control

HEIGHT Indicetors

8

When the scan select switch 1s in the
FINAL APPROACH position, throw to
EBIGET-FINDER position te display the
HEIGHT-FINDER CURSOR and to GLIDE PATH
position to display the ELEVATION
CURSOR.

Throw to the CW position to rotate the
entenna mount clockwise, and to the
CCW position to rotace the antemna
nount coutterclozskwise.

Controls the brilliance of the returns
on the precislon digplays.

When poeitioniang the antennas in the
PAR function, push to oblain a aveep
trace on tne CRT showing the center of
the scan area of the elevation and
aZimath antennas.,

Push to obtain the ELEVATION ANTENNA
STRCEE LINE on the azimuth poruion of
the PAR display.

Controls (servoes) the horizontal
(azimuth) position of the elevation
antenna,

Controls {servoesg) the vertical talt
of the azimuth antenna,

Seleets the HEIGHT-FINDER or the GLITE
PATH CURSOR for presentation on the
elevation portion of the display in the
FINAL, APPROACH or HEIGHT-FINDER functicn.

When operating in the PAR function

(SCAN SELECT switch) witlh the HEIGHT-
FINDER cursor selected (EL CURSOR switch},
left indicetor shows altitude of aircraft
from O to 5,000 feet, when cperating in
HEIGHT-FINDER funmction (SCAN SELECT
awitch), the right indicator shows the
altitude of the aircraft from 5,000 to
50,000 feet.
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RUNWAY 1-2-3-4 Indicator

Electronic Marker Generator
Pancl

9

Indicates the runway and corresponding
cursor selected by the CURSOR SELECT
switch on the computer front panel.

Frgure 6B

R M GAIN Control

R M RATIO Control
(Screw Driver Adjustment)

OFF-CENTCRING ON-OFF Switch

VERT OFF-CENIERING Control

HCR OFF-CENTERING Gontrol

RANGE NAUTICAL MILES Switch

15601 and 15802 Indicators

Cursor Alignment Control Panel

Controle the intensity of the range
marks oa the CRT.

Coatrols the intensity of the alternate
1l-mile range marks on either PAR or ASR
function whern a renge of not more than
10 miles a8 seleclad.

Throw to *he Q7TF pogition to off-center
the ASR or TAXT sw2ep on the CRT,

Controls the position of the sweerp
vertically on the CRT.

Controls the position of the sweep
horizontally on the CRT,

Selects PREC ranges of 1-3, 10, 20, or
10 nautical miles for display on iiae
CRT when operasting in the PAR Tuactlion
(SCAN SELECT gwibch), or SEARCH ranges
of 1-2,5 (PAXI), 5, 10, 20, or 40
nautical miles for display on the CRT
vhen operating in the ASRE function.

Light to indicate blown fuses.

Figure &C

1.

CURSCR SELECT Switceh

Groups 1, 2, 3, and &

Selects the AZIMUTH and ELEVATION
CURSORS for one of four runwaya,

Controls for preslignment of the
aZimuth and elevation cursors for each
of four runways.
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The remainder of the controls also are available to the operator, but are
ot required for the actual operation of the equipment, and normally would
be used by maintcnance peracnnel.

EQUFMENT INSTALLATION

The Quadradar antenna system, transmitter, recelver, and case
together comprise one unit wnich was lccated near the center of the west
boundary of Weir Cook Municipal Airport at Indianapolis, Indiana. The
control-indzcator grouo, which includes the indicator power supply, scope,
and all controls necessary fox eligmment of {he equipment end for interpre-
tation of the radar information received, was placed 1a a permancat-itype
buirldiag along the west edge of the airport. See Fig. 7.

The sclectoon of a site for this installation was falriy well
Tixed by 500 feet of remoiing cable, location of a suiwabie building with
commuaications, end space for the indicatos unit and limited access to cer-
tain runways as e result of runway construccion. Tne folioring ouveps
degcribe the cxact instollabion procedure which was used.

L. A fork lift was used to set the transmitter on the selected site
and the 1ndicator was mstalled 1n a building located 500 feet away.

2. Interconmecting power and control cableg were anstalled and the
two units were checked for proper clecirical operation.

3. The north-south and cast-west runways were surveyed and corner re-
flectors were placed =9 indicated in Fag. 7. The reflector identified as
CLA was located at the point of touchdown and offset a distance equal to the
right-engle distance from the runway centerline to the radar sile. The
remaining itwo reflectors vere bracketing reflectors which located the

corresponding runway approach on the radar display.

4. The traonsmititer-receiver pedestal was leveled by adjusting Jacks
located 1n each tripod leg while observing two fixed levels mounted atop the
pedestal.

5« A gun s1ght was placed in position on the commern padestal and the
redestal then was revolved until the croas hair in the gun sight split the
south CLA corner reflector. The differential selsyn on the common pedestal
then was orientated until the strobe on the surveillance display pointed
gouth,
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6. The precision-approach function then was aligned for operation on
either runway 27 or 36, After placing the first reference range mark on the
touchdowmn reflcctor, the cursor was placed between the runway bracket reflec-
tors by adJusting the runway potentiometer., By adjusting the angle potenti-
ometer, the gtrobe also pessed through the point at which the 20-mile range
mark intersected the center of scan strobe. The elevation display was aligned
by adjusting the touchdown potentiometer until the cursor passed below the
touchdown reflector and, by adjustment of the engle potentiometer, the cursor
crossed the six-mile range mark at the point of intersection with the center
of gcan strobe., The glide path used was 2.5°, which 15 the same as the center
of scon strobe used in the above allgnment, Each of the above adjustments

mey interact and may reguire readjustment.

Te To elign the height-finder, 1t was necessary to place the first
range mark at the main bang., The 31° height-finder function wes aligned
first, as it involves the only zero adjustment, To determine proper settings
of the counters, the altitudes at 5, 10, a2nd 15 miles were calculated for the
center of scan, or 14%.5°. MThe first sdjustment was mede at five miles by ad-
Justing the strobe counter until the calculated value for five miles was in-
dicated, The origin of the swcep was set with the zero-adjust potentiometer,
and the 30° calibrate potentiometer was adjusted sc that the cursor inter-
sected the five-mile range mark at the center of sweep strobe, The counter
then was set to the calculated value for 15 miles aend the 30° angle potenti-
ometer was adjusted to mntersect the cursor with the center of sweep strobe
and the 15-mile ronge mark,

The unit then was switched to the 7° height-finder position which
covers the 0 to 5,000-foot altitude. At & range of five miles, the calcu-
lated center of ecan height, which in thie instance would be
(5080 X 5 X sin 2.5°), was tronsferred to the counter, Next, by adjustment
of the 7° calibrate potentiometer, the cursor was made to touch the center
of scan strobe at the point of interseetion of the S-mile range mark, A
similar adjustment was mede on the 15-mile range by adjustment of the 7° angle
potentiometer. A check then was run at 10 miles.

After proper alignment of the cursors, the counters have provisiona
for slipping, which permits setting the counter zero to the field elevation,
At this location, 800 feet was used ap zero or the elevation above mean sea
level,
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TEST FROCEDURES

It was determined tha%, insofar as possible, oll four fimections of
the (uadradar should be tested and thet the *ests should be conducted with a
multiengine metal-skin aireraft, and with a siangle-engine fabric-rovercd
light aircraft. A DC-3 and a Piper Tri-Pacer eguipped with & gyrc-compass
were used, Both aircraft were flown hy TOC p:lote experienced in this type
of operation. The equipment wes nperated concinuously during the test
reriod.

Surveillance (ASR) Func-=ion cnd Coversge.

While antenna-coverage and pettern testo were being flown for the
tecanical evaluation, the personnel making the operational evaluotion per-
Tormed che alr/ground communications functions, and observed the range,
coverage, and character of the radar rcturns. Widh the 50-kvw comprnenis 1in-
airlled, two circles having a radiug of 30 etatate milcas froa the an.enna
were Tiovm to examine shielding effects ot low angles. One circle was flown
at an allitude of 3,800 feeb mean sea level (MSL, and tae nther al 4,800
feet MSL. The elevatior of +he airport 1s approximately 800 fcet MSL, and
for both circleg the czimuth antenna of the Queérader was tilted an Indi-
cated 3° above horizontal, In addition to the circles, cight runs were made
a3 1,000-foot intervals from 1,800 feet to 8,800 feet MSL on an outbound
track of 305° from, and en inbound track of 125° to, *ne antenna. These runs
also were made with o 3° entenna tilt, An additiomal eight runs werc made
in a similar menner using ¢irculear pelarization.

After the 150-kw components were instelled, two more circles were
flown as before., Runa were mode at 1,800, 8,800, and 9,800 feet MSL from
5 miles out in order to determine vertical coverage. Because of ground clut-
ter, mne run at 9,800 feet MSL was made on a track of 210°, These circles
and runs all were flown in the D(=3. This aireraft also was used in locating
several lnown ground targets.

Height-Finder Function.

Two runs were made with the DC-3 1in order to observe the height-
finder function of the Quadradar, The first was begun from a point 22 nau-
tical miles northwest of the antenna at an altitude of 9,800 feet MSL. The
aircraft then descended on a track of 130° with the pilot reporting each 1,00C
feet of descent. The corresponding altitude waos noted on the Quadradar indi-
cator at eanch report. The aircraft reached L4,800 feet MSL 1 mile from the
antenna, at which point a turn was made and the 2,800~ and 1,800-foot MSL
altitude reports werc made on an outbound track of 320°., Becauge of wide
variztions between the ruported altitudes =nd those indicated on the
duadradar, the height-finder test wes discontinued pending recligmment of
the equipment by the Gilfallan representetives.

9]
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After realignment of the height-finder function, the second run
was made beginning at a point 2 nautical miles south of the antenna at an
sltitude of 1,800 feet MSL. The aircraft then climbed on en outbound track
of 180° to an altitude of 8,800 feet MSL, which was reached 24,5 nautical
miles south of the antenna. The reporting proceduse used during the firatb
run &lso was used during the second run.,

Tax1l (ASDE) Function.

Because of the results obtalned from a previovs evaluation of the
Arrport Surface Detection EQuipment (ASDE), which was made from rpproximately
the same loecation,l 1% was anticipated that only a cursory vest of the
Quadracar ASDE function could be conducted. This proved to be the case.
Howcver, randem vehicuw.ar and aircraft traffic was observed on mosi portions
of the airport, In additicn, four taxl runs were mede on runway 36, which
wag closed to other traffic because of construction work, and whieh wag most
nearly visible on the scope 1n 1ts enlairety. UYhese ruca vere made with the
DC-3 a1lvrplanc,

Precision (PAR) Function.

A total of 105 approaches were flown, &ll of which were conductzd
unde™ VER conditions. Of this number, 4 were survelllance approaches and
100 were precision approaches. One of the latier was a long, straight-in
approach starting at 22 miles from touchdoun.

Of the 100 precision approaches, 24 were controlled by 5 operators
who were not participatirg directly in the evaluation. All of thesc per-
sounnel were experienced air treaffic controllers. However, one had no pre-
vious radar expericnce, one had previcus PAR and ASR experience, and three
had previous ASR experience only. None of the five operateors had cbserved a
Quedradar in operation previously, end had only a very brief period for ob-
gervation prior to these approaches. All operators reguired varying degrees
of mssigtance 1n contrel manipulation because of lack of familiarizetion,

Resolution.

Azimuth resolution was checked for both the surveillance and
preclsion-approach functions by ncans of eorner reflectors at the 1,000-
and 5,000-foot ranges, Range resolution wag examinsd i1n a similar mahner,
however, the corner reflectors were separeated by distances at the 1,000- and

lE. M. Blount, S. L. Kades, H. A. Kay, and R. E. McCormick,

"Evaluation of Airport Surface Detection Equipment Model AN/MPN-7 (XW-1),
Part I, Technical Evaluation,” Technical Development Report No. 175,
June 1952, pp. 3 and 4,
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5,000~foot renges to take into consideration the shorter pulse length used on
the 150-kw taxi function. The tests were made to verify values in equipment
gpecifications and no attempt was made to determine absolute values.

Accuracy

Azimuth and range accuracies for the surveillance function were
examined by location and 1dentification of Tixed ground targets. In eddi-
tion, a corner reflector was placed at the range of one mile to check the
accuracy of the first range mark,

The only accuracy test performed on the precision-aprroszch
function wes that of cursor positioning. To do thig, a theodolite was posi-
tioned on an appropriate runway and readings were taken at eack ome-mile in-
t:rval of en ailrcraft mak:ng an approach. As each of these theodolite
readings was taken, a photograph of the precision scope was taken simultan-
eously, The time allolted for rhese tests did not permii vorking out the
detailg of the photo-grid-marker techmique.

TEST RESULTS

Controls and Operation.

The number of controls reguiring attention of the operator at some
point during normal operation of the equiptrent 18 greater than thal found on
other rader eguimnment opereied by CAA if all four functions of the Quadradar
gre utilized on one CONTROL-INDICATCR GRCUP. However, in a function-by-
function comparison, the vunber of controls necessary for the use of cach
function is approximatoly the same. Detalled information ¢concerning actions
required of the operator iz included an Appendix I.

Coverage.

Figurea 8 and 9 show the results of coverage tests with the 50-kw
and 150-kw units installed, Coverage with circular polariza.ion and with the
50-kw units 1ostalled 1s shown by Fig. 10, The use of circuler polarization
reduced the range approximately 25 per cent. Generally speaking, the pat-
terne are well defined end ihe level top of the pattern shown in Fig., 8 in-
dicates that the recommended 3° azimuth antenna tilt is proper. However,
there 18 some indication that this tilt waa too great wher the 150-kw unilta
were used.

With the antenna ti1lt the same as for previous tests, azamuth
patterns at 30 statute miles and sltitudes of 3,800 and 4,800 feet MSL for
both the 50-kw and 150-kw unite were made, The reaults of thsae flights
showed gonsldereble shadowing effects, which were expected at this location,



15

Benefits of Increcased power were epparent, because at 3,800 feet altitude
the 50-kw equipment was unusable while target returns were rated at 2 or
more when the 150-kvw units were installed.

Resolution.

To determine resoluticn, corner reflectors were get at the range
and azimuth distances corresponding to the respective equipment specifi-
cations. In the case of the 50-kw unit, the resolution at 1,000 feet 1a 1°,
or a seperation of 17.5 feet in azimuth and 174 feet in renge. At 1,000
feet the surveillance display was incapable of resolving ihe targets because
of cluttcr. The three targets circled on the photographs of Fig. 1l show
the range and azimu.nal resolution at 1,000 feet of the 50-kv end 150-kw
preclsilon-approach funct.ons. Three test tergets ere circled on the thoto-
graphs of Fig, 12 which show range separation of 150 feet and azinmuthal
separation of 3/4°, or 65.5 feet at 5,000 feet, It 18 noted in Fig. 12 that
one ol vhe azimuth targets 1s partially hidden by a blork, This was a tree
atout 16) feet in front of <he faint target. The swrveillance display,

Fig. 12, indizates that the limit of azimuthal resolution has been
approached.

Acouracy.

Fixed ground targets were used for testing the accuracy of the
surveillance radar function. The azimuth of each target under considzration
wag obteined by servolng the common mowmt until the precision mount strobe
bagected the target, and gave the value directly on the compass ruse. Range
data were obtained directly from the range marks. Table I liasts the fixed
targets which were identified and used for checking radar accuracies,

TARLE I
RANGE AND AZIMUTH ACCURACY TESTS
Target Ta1 get Radar True Error  Radar Map Error

Xo. Bearang  Bearing Renge Range
(deg.) (deg.) (deg.) (n.m.) (n.m.) (per cent)

Gas Tank 1 71 70.2 +0.5 6.125

Power Flant 2 10k 103.6 +0. 4 4.5

Water Tank 3 343 343.8 -0.8 5.5 5.4 +0,1
TV Tover 4 70 70.6 -0.6 6.5 6.46 +0.0k
TV Tower 5 82 B82.8 -0.8 13,1 13.25 -0.15
Water Tank 6 323 323.5 -0.5 8.4 8.37 +0.03
TV Tawer T 22 22,4 -0.4 11,0 10.9 +0.1
Microwave Tower 8 287 287.8 -0.8 13.7 13.6 +0.1
Tegt Tower g 360 0.2 -0.2 6.6 6,56 +0.24
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Performance specifications furnished with this radar state that
alant ranges shall be within 1.0 per cent of actual ranges and the indicated
bearaing shall be within plus or minus 2.0° of actual bearing. Results are
acceplable for all targets except No. 9, for which the range error 18 exces-
sive. At certain beam tilts, tergets were picked up which later were lost
83 the antenna tilt was chenged. Examination of the area which contalned
these targets failed to disclose any unusual buildup of terrain. This ef-
feut may be the reasult of varying propagatio.d effects at various azimuths as
the antenna tilt 1s changed.

Accuracy cheeks of the precision-approach function were limited to
verification of curagor position accuracy. Alignment 18 accomplished by
gervoirg the common mount watil the mount positien sirobe bisccts the touch-
dovn reflector of the desired ruaway. The curgor align pushbutton then is
pressed and the azimuth of 1he clcvation aniemna 12 adjusted to bisect the
touchdown reflector.

If previous maintenance aligmments are correct, the azimuth cursor
passes between runway reflccwocs B and C and {erminates at the touchdown
point as shown in Fig, 13. The elevation cursor, which in this instance was
get Tor a 2.5° glide path, terminates at the touchdown reflector A of ihe
elevation display. Table IT shows elevation cursor position errors obteined
from Fig. 14, and Table IIT shows azimuti cursor position errors obtained
from Fig. 15.

TLBLE II

ELEVATION CURSOR ACCURACY TESTS

Renge Alrcraft Caleulated Calculated
Nautical Miles Elevet.on Cursor Angle Error
(degrees) (degrees) (feet)

7 2.85 2.67 127 high
6 2.75 2.43 36 low

5 2.82 2.52 G high

4 2,04 2.7 92 high

3 2.75 2,59 27 high

2 2.95 2.96 97 high

1 3.0 3.2 60 high
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TABLE TII

AZIMUTH CUPSOR ACCURACY TESTS

Rorge Airrcraft felculated Celculated Error
Nautiral Miles Azdimruth Cursor Azinmuth rom Approach Path
(degrees) (degrees} (feet)
5 269.6 269.6 212 rigat
L 269,7 259.7 121 right
3 269.85 269.85 55 right
2 270.15 270, 4 85 left
1 270 1 271.0 6l left

These errors were calculaled 2a loe following mamer & scale wiidh 100
divigions per wnch was used to measure vhe airevafl pesitic oa lhe display
prebure and by wsing the corvesponding theodolive readivg, a factor of K
divigions per degree was essaplished. The cursor position ihen vas measured
and establashed in degrecs. his measured value then vas cempared with the
desired 2.5° glide path in the vertical end to the correct peosition in the
azimrwa to establish the error. Imstructior books obteirned with this egquip-
meab i1ndicate that the elevallon curscr 1s accurz-e Lo within 0.3 po2 cent
of true range plus or minus 20 feet, and 'ne azimuih cursor is accwratz to
witaia .4 per cent of the truc range plus or minus 20 feet. Elevation
crrors at one and two miles were greater than these limits. This probably
results from the use of a wimpiifiec cursor aligmment procedure.  Azimuth
errors also exsced equipment limits at cac and two miles, and this may be
the result of foi1lure of the radar operators to position the cursor between
the bracket reflectors properly.

Surveillance (ASR) Functaon,

During the coxee of the tests 1t was determincd that, in the ASR
function, the operation of the controls and the appearanice of the CRT were
cgsentially the game as other radar eguipment preseatly uscd by the CAA with
one outstanding cxception. The aircraft returns were small, but were
comparable to thosc appearing on CPN-18 type squipment

The exccption wag the tilting-entemna feature, the coutrol of which
was fourd to be very similar to the control of the antenne servo of the
PAR-1. Operationally, the azimuth antenna-tilt feature of the Quadradar
gerves twWwo purposes, TFirst, 1t can be tilted o that no returns are received
from ground targets, thereby eliminating ground clutter from the CRT presen-
tation. Sccond, 1t peimits extended coverage by tilling the antenrca downward
toward the horizon.
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The feature that enables this eguiprient to perform the dual purpose
outlined above also coumpromises 1ta use in accomplishing those purposes. The
vertical coverage of the Quadrada. azimuth antenna 1g comparatively nerrow,
apasoeximately B,OOO fect, and the beam 18 sharply defined on both the top
and bo+tom, During each rotabion the antenna 1s scanning a segment of air- .
space of rclaiively narrow vertical cross section. It lnen would be pos-
sible to have threc aircrafi et altitudes of 12,000, 8,000, and 4,000 feet
M3L, with only one of the three aircralt presznting a usable return on the
CAT display.

!

Dependirng wpon the disiance from the eatenma and the deogree of
tilt of the azimuth ancenna, 11 1s pogsible for awrerafi at 12,000 and
4,000 feel 4o be in the upper and lower cdges of the an*cnna beam. Under
puch coalitiong a solid recummn saould be received from an aireraft at 8,000
feet, while the returms from the other two would he inteomittent at beat.
If the anleraa t1lt 1s i1iersased so that solid roturne zcoe received from tTwo
aiscralt at 8,000 and 12,000 fect, the resarn frow an airsrafi at 4 000 fect
will be dugraded, Conversely degradatioa of the return from an aireraft at
12,000 feet will result if lhe antenna t1lt is decreascd from 1.8 original
posttion., The effcets of thege and sinmilar situnations upon the rader retirns
may be cmpirically determined by reference to Fig. 16.

One of the exigsting standards for peositive i1dentification of radar
tzrgehta 15 observation of o departing aircraft within one mile of the end of
the runway, and this 18 particularly uvsefvl in the operation of departure-
control radar. It .9 theoscticalily pessible to accomplish suce i1dentification
by the use of the tilting-antenna feature of the Quadradar, However, several
attempts to do this werc almost completely unsuccegsful, and scemed to be
dependent upon the rate of climb of the aireraft, the most succcss being
achicved during a rapid climb-out., At best, only an intermaitsent target
could be scun and almost cons*tant tilting of the antenna wos necessary
through a range of spproximately 3° to 5° in order to maintoin an optimum
balance between the target and che ground clutter, requlring the undavided
attention of the operator. Figures 17 ond 18 show cthe actusl appearance of
the display at the 3.2° and 5° ti1lts. Faigure 17 has a surveyed targzt cir-
cled et a range of 6,115 feet, which 18 8 feet below the antenna horizon. At
the 3.2° tilt shown, this target 18 visible; however, at o tilt of 3,3° it
disappears, Figure 18 1llustrates coverage for a talt of 5°. It will be
noted that the landing aircraft becorie invigible at one mile,

It should be ncted tnat an uncxpected characterigtic was obaserved
1n connection with the tilting-antenna feature when the 150-kw components
were In use, Whale the antenna patiern appeared comporable to the published
performence data vhen the 50-kw components were in use, this was not always
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true of the 150-kw components. For cxample, 1n the latter case the IC-3
eirplane was traclted to a point nearly over the aricnna at an altitude of
9,510 feef M3L, using an antenuna %11t of 3°, whercas ihe ssme aircraft could
not be o%served consistently at altitudes of 1,000 to 2,000 fect MSL witaln
1 mile of the entenna using an autenna t11%t of 3° 1o 5°,

Precisior {PAR) Function,

The PAR function of the Quadradar was found to be very similar,
basically, to that of other precis.on-spproach radars, Ihe Quadradar,
however, has several uiigque cha:acteristics,

™o moat obvioud difizrence is the anpearance of the azimuth and
clevation cursors, whith are presented on the display as curved lines, aad
wialch are a product of the beta~scan {ceture of the Quadradar, The curved
cul sors actually repreceny straicht linea, and 11 was anticipated that some
diftaiculiy might be encoun.ered by operaetors ancretomed to -fe sirsigat cur-
gsors of other radar equivmzat. It was fownd, however, < et the curved cur-
sors presented no special problems to operators, either wita or without
prcvious PAR experience, even though at some points in the epproach the
antenha strobe lines appear to be straight extensions of the cursora. See
Fig. 3.

Onc characteristic of the curved cursors was noted; viz,, wvhen a
target began to drilft off course or off the glide path, an the direciion of
the curve, such a drift wes not observed by the operator as quickly as a
drilt in a direction away irom, ot tangentiel to, the curve. It is probable
that thorough femilierization or experience on the part of the operator would
tend to reduce or climinate this cffect.

The mest dastinctive characteristic of the Quadradar PAR function,
a8 1n the ASR function, s associated with the capebilicy of the azimuth and
glevation entennas to be moved 1n two planca, This is illustrated by Fig. 4.

The azimuth antenna scane a 30° horizontel sector during precision
operation, and in addition, 1t may be controlled by the operator to 1ilt up-
ward cor dovnward through a 25° arc, The clevation antenna scans a vertical
sector of cithcr 7° or 31° and may be controlled to move to the right or to
the left while scanming, The positicn of the center of the scan, with re-
spcet to the on-course and glide-path cursors, 1s indicated by strobe lines
extending horizontally across both the azaimuth and fne elevation portions of
the diesplay. ‘e degree of t1lt of the azimuth antenna also is indicated »y
e calibrated mcter adJacent to the upper right quadrant of the CRT. A4ny
t1lting movement of the azimuth anterna Is reflecied in a corresponding
movement upward or downward of the strobe line on the clevation portion ef
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the display. Sumilarly, any movement to the right or left of the elevation
eutenna is reflectcd in a corresponding movemant upward or downward of the
strobe line on the szimuth portion of the displey. This movement on the
azimita dieplay 1s, 1n reality, movement to the raght or 1oft as viewed by
the pilot during an approach. The movement of the two anternas 18 controlled
by means of the EL ANT LEFT-RIGAT, and the AZ ANT UP-DOWN controls, which are
combincd in one servo control handle,

After the necesaary actions have been completed for changing to
the PAR fuiction, tre cpcrator must move the elevation anteana to the right
or left by means of the servo control so that the strobe line appears near
the side of whe azinuth display wnere the ailrcraft blip will enter. This
muct bc donce to align approximately the centocr of the elevation antenna scan
with the aireraft so tha: a return from the aircraflt will appear orn the
elevation porrion of the display.

In a similar menaer, *the azimuth an’epaa must bz tilted up or dowa
by mcecans of the servo coctrol gso that tae sirobe 1ling appears on the elevation
Dortion of the display al approximately the icvel at which the eircrafc blip
will appear. The approximate level may be gudged quite closely by refererce
to the glide-path cursar. Thig muat be done so lhat a return from the air-
craft will appear on the azimuth portion of the diaplay. This adjustment
is considerably less critical than that of the elevation antenna because of
the greetcr arca rovered by the azimuth antenna,

Another factor vhich must be congidered in this connection 1s that,
a6 in the ASR function, t1lting the azimuth entenna downward increases tae
ground clutter. Therefore, a comprom:8c may be necessary between a pogition
yielding optimum radar returns, and a position which ylelda better radar re-
turns for a porticn of the approach, but which inercases ground clutter to
guch an extcnt that aircraft returns in some areas of the apprnach are
blocked, These factors will vary at different locevions. Also, they will
be dependent, to a certain extent, om i1ndividuel operator prefercace. It
wags found at this site that an inatiael position of the strobe line slightly
bclow the point at which tac aireraft blip would intercept the glide path
sufficed for normal precision approaches, and that only slight additional
ad Justment was ncecssary during the last mile of the approach in order to
retain a satisfactory target with a2 minimum of ground clutter,

The horizontal coverage of the elevation antonne is much less than
the vertical coverage of the azimuth anterms. Because of the wide-angle
coverage neccdfary during aircraft approaches, considerably more movement of
the clevation antenna to the right or left 1s required, This 1s particularly
truc as the curve of the azimuth cursuvr increases at an accelerated rate, The
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movement of the antenne 18 controlled by the servo control, and the rate of
movement 18 a function of the rate at which the engle between the aircraft
and the antenma 1s inereasing, Waen the entennas are cleoser to the runway,
the angls between the aireraft and the sntenna wrll ivcrease at a slower
rate, and less mnvement of the antenna will be required. At the test site,
almog &t constarnt atientica to the azimuth position of the elevation aitemma
was required daring the final two miles oFf a approach and It was necesgsacly
to move the antenna almost continuously during tne final mile, Failure to
do so resulted in parbtral or complete 1loss of target on *he elevation portion
of the display as the aircraft fiew out of the anlenna weam., However,
recovery always was posdlble within one to three antcrnma sweeps,

As might be cxpected, adeptness 1n the use of the servo control
proved co be much more difficull to acquire than an equel dexterity in the
maniprlation of the other (onlrois, and during *tane aporoacbes coatrolled by
persvanel notv familiar with the eguipment, the serve ¢ silool waa operated
for %“neu. It appeared *the’t the time regqui~ed to develop proficiency in the
use of thils control would not exceed tha* crdinurily required to develop
proficiency in coatrollirg PAR epproaches.

S1x approaches were made with two aircraft on final approach at
the same time, It was found that the timing and spacing of the aircraft
under such conditions was very eritical, particularly 1f turns onto Tinal
approach arc mede {rom & normael base leg five to six miles from touchdown,
In order fto have both aircral+ on the display at all times go that identifa-
cation could be maintained duwring bvoth tne survelllance and precision rortions
of thc approach, 1t was necessary to use parallel base legs for both a.zcraft
graced a distance equal to that desired for their secparation during ilhe
initial portion of the final approach.

It wae extremely difficult to keep both aircraft on the azimuth
and elcvation portions of the displey duiring the i1nitial portions of the ap-
proaches, and after the first aircrarft had reached a point approximately two
miles from touchdown, 1t was impossible to retain a rcturn from the sccond
aircraft on the elevation display because of the movement of the elcvation
antenna. Although 1t was not difficult to go back aad pick up the second
aircraft, saince the glide path was intercepted at a point four miies from
touchdown, unless the timing was very precise, the sccond ailccraft already
would be above the glade path.

When the turn onto final approach was made at a point elght to ten
miles from touchdown whilec still on surveillance function, and the change to
precision Tunction made subsequent to the turn, 1t was somewhat casicr tc 'ez2p
both zircraft on both tne azimuth and elcvation displays. However, after the
first aircraft had reached a point appreoximately three miles from touchdown,
the same difficultics were encountered as before,
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Another distinpguishing feature of the Quadradar 1s the long ronge
of the precisinn fumetion, which 18 ugable out to the maximum range of the
equipment, Ome streaght-in approach was made beginming at a point 22 niles
from tourkdovn, and appecred to differ little from a normal precisinn ap-
proach other thon in length., The azuimuth and elevation curscrs extend to
only 20 miles, However, at that point the curve 18 sufficiently flat thet
extrapnlation, or vse of the entenno gbrobe Tises, over the rcemaining 20
milcs 15 sufficiently accurate to permit usc over the entire ronge.

It alao~ 1s possible to change to the TAXI range duwring the
precision funcetiom. This range affords silghtly more than L 1/2 miles of
coverege, Attempus were made wo use this range during the final portions
of geveral appreaches. A diflercent pulse width 18 transmitted when the TAXT
ronge 1e used, necessiteting the readjus tment of several controls at the
teginning of the nest cri-sical postion of the evproach., It never wes
roseinle to cbitoin consisten 1y usable revuras et this rang..

The elevation carsor may be adjusbed during the PAR prealignment
to represent a glide pala of less thon 5° for approeches by fixed-wing type
caireraft, or one of more than 5° to cnable precisicn approaches to be made
by helicoptera.

Alignment of the equipment for ilhe recision function 18
cormaratively simple., and can be perd rmed by the operator after very little
mstruction. All of the controls end ad ustment points neceggary arc
lacoted on tae front of the CONTMOL-INDICATCE GROUP.

The Guradradar appeared to be very stable an operation. When 1t
was properly aligncd, 1t was capable of operating for at least an sight-hour
pericd with no indication of drift, and with no further edjustment of the
cursor controls even though 1t was changed frequently through all four
functions. It must be noted in this connection, however, that whenever the
anleana mount 1s moved alter the aweep trace has been positioned through the
center of the runway parsllel-line corher reflcector, the gweep trace must be
repogrtioned, Otherwise, the course-line cursor may not be properly aligned
with the runway centerline, and the accuracy of the approach will be impair-d.

Helght-Finder FTunction.

The height-finder function of the Quadradar operates in two
positions of the S5CAN SELECT switch., In the HEIGHT-FINDER position, a very
s11ll movement of the HEIGHT-FINDER CURSOR producce a relatively large change
on the BETGHT INDICATOR dial., The height-finder function in the FINATL
ADPFROACH position 13, 1n effcet, on expension of the HEIGET-FINDER position,
and a relatively larpe movement of the HEIGHT-FINDER CURSCOR produces liattle
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change on the HEIGHT ITDICATCR diel. A scparate cursor 1s employed in each
o the iwo positions, the cursor in the FINAL APPROACH pnsition operates
through 5,000 fect, and the curror in the HEEIGHT-~FINDER position opcrates
from 5,200 through 50,00C feet. The cursors may be adjusied so that the
figurcs on the HEIGHT INDICATOR dial will indizate eitner feet above mean
sea level or feet ebove the airport or antenia, and the alignnent of the
cardors 18 nade independently in each range.

During the first ol the two runs made to observe the height-finder
operatior, the Jdiffcrences between the reported altitudes of the aircraft and
the indirated alliiudes varied from plua 600 feet to minus 1,200 feet, The
cursors were recalignced, and i1n ‘tne second run tae differencces werc approxi-
metely 7O fect in the FINAL APPROACH positica (5,000 feet end below), and
varied foom 2,300 feet 1o 3,400 feet 1n the HEIGHT-FINDER position (5,000 to
50,000 fcat),
Tty d
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It was detcrmined later then an crror hed been made 1n the
elignment of the curscr in tne EEIGHET-FINDNR posision., However; time limi-
tations nccessitated the abandonment of the tests at this poinl. In addition
to cursor aligmment, the accuracy of the heighi-finder function elso 1s de- <
pendent upon the ability of the operater to bisect the target with the r
cursor,

Other random obscervationa of the heights of cloud btages and tops
and of aireroft were made., However, since dircec contact was not established
with the aireraft, snd the actual alt.ludes were not known, the resul<ts were
ineconclusive,

Taxl (ASDE) Function.

As explaincd under the equipment-installatieon secticn, terrain
regtrictione scverely lugited observation of the TAXT function of the
Puadradar. The oullines of fences and buildings could be dentified on the |
display, and random-vehicle and aircraft targets were visible over the arca
of the airport which waes displayed, Howcver, only portions of the surface
of the runways were visible at various points on the landing area and con-
sidecable smearing of returns duc to insuffaicient resolution was noted on
the display., Figure 12 is a photograph of the PPI showing the TAXI
presentation,

By monitoring the tower frequencises from the test aite 1t was
possible to follow the movement of taxiing aircraft on the airport. In ed-
dition, two runs were made in ecach direction on Runway 18-36 by the DC-3
aircralft, It wags determined that, while the rate of rotation of the azimuth
antcnna was adequatce for locating fixed or moving targets on the airport, it
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was too slow to permit accurate direction of a moving vehicle or aireraft by =
the operator. The lack of resclution previously mentioned also contributed
to this limitation,

Circular Polarization.

The caircular-polerization feature of the Quadradar was not
remotely controlled from the CONTROL-INDICATCR GROUP. In order to circu-
larly pclarize the antennas 1t is necessary to go to the antenna site and
manuelly rotate both wave guides by means of a knob on cach antenna horn.

N

The limited occurrence of preciplitation during the test period
restricted observation of the effect of circular polarization on precipi-
tation cluvter, However, on two occaslons 1t was possible to observe the
efifect during moderate Lo heavy rain in the vicinity orf the airpert.

Figuze 19 shows lhe display under heavy rain condivions wich and without
circular polarization. Cireular polarization plus the use of FIC made 1t
boagible to track aircraft through moderate raxan. T was not possable to
track the small targets displayed by the Quadradar througn the heavy rein
returns vhich st2l1l remained on the dasplay. Circular peclarization reduced
the range of the Quadradar by approximetely 25 per cent and reduced the arca
of the displaycd returns from cloud buildups,

Maintcenance.

After the eguinment was placed i1n operaticn 1t was rum
continuously for the entire test period, Altaough during this period there
were no basic¢ radar failuces, thne Tollowing mechanical difficultice were
obgerved: one of the anternna microswitches operated intermittently, the
antenna tilt meter was erratic, and the azimuth pedesatal leaked some o1l.

The first two difficultics were corrccted during the test period; since the
third did not affect the results of the tecst, no corrective action was taken.

Measurements of basic radar performance were made with a TS-147
AJUP test set, and arc shown in Table IV.
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TABLE IV

QUADRADAR PZRFORMANCE MEASTUREMENTS

50-Kilowatt Unit 150-Kilowatt Unat
Functaon Trans . Trans. Regelver  Trens. Trang. Reeulver
Power Frequency Sensitivaly Power Freguency Sensitavity
(kw) (8c ) (dbm) (kw) (Mc) (dbm)
Surveill ance 92.0 aoT72 -109 232.0 a065.3
Preeislon Az. 232.0 c085.3
Precision EL. 227.0 5085.0
Taxl 92,0 -109 115,0 9085,3 -109

The test equipmecnt neccessary for making thesc measuremcnts was not included
as a part of the Cuadrsdar, However, a small A acope included with this
radar 1s suitable for limited monitoring ond maintcnange work,

The gubchagsis are gquitc accesgible and have a sufficient number
of test points for ease cof maintenance. The cursor-generator probably will
prcaent tie most difficult mainicnance problem., The cursor-generator cmbodies
demodulators, nmultivibrators, sawlouch generator, delay network, and comparison,
d-c¢ smplificra. By means of the above circuitry and appropriate alignment
controls the cursor-gcnerator provides four scts of cursors for use on four
different runways. Because of the short perrod of operalion, 1t was con-
sidered more important te eontinuc other phases of the investigation., Iu
order to examince the maintenance problen in more detail, an coperating log for
a Quadradar should e obtained.

CONCLUSIONS

Equipment.

From an operational standpoint, the Quadrocdar has several
commendable featurcs. The four functions, plus the fact that it 1s possible
to conduct four gcparate approaches from one slte, make 1t a versatile piece
of equipment. The (Quadradar also 1s relatively simple to operate; despite
the lerge number of controls available to the operator. It must be recog-
nized that adjustment of only scme of the controls is required each time a
change of function is made. For example, severnl consecutlve rrecision
approaches to onc runway were made in which the associated changes between

4
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the ASR and PAR functions were accomplished by the operation of the
following controls: the SCAN SELECT switch, the BANGE NAUTICAL MTLES swiltech,
the EL ANT LEFT-RIGET and AZ AKT UP-DOWN control (antenna serve controls),
and the /Z EL IF GAIN control,

From time to time during the tests, interference was noled on
various poritionsg of the display. This 1atezference ranged 1n intensity
from very lignt to moderate, While the source was not determined, it 1s
possible that 1ls origin was airborne X-band radar, since no ground-based
X-band radar was knovn *0 be 1n operation in the vicimily. The effect of
this interference was of litile consequence durang she teats, which were
conducied almost catirely in ViR conditions. Fowever, 1f airborne wealher
radar was the source, ihe 1ncreased use of such radar during IFR conditions
could present a seriocus problen.

The accuracy and resclution during operaticn as a survelllance or ,
rreclaivn approach radar wore savisfactory. It wis no% possible to deter-
mine long-term gtability of operation bersuge of time limitationa. It was
neceagsary to retunc the local oscillator three to four times each eight-hour

p2riod, Otherwisc, no adjustments were necessary. Ly,

jat

Reliability of the equipment during the test period was satisfactory.
An A acope at the transmitter-receilver unit was the only means provided for
monitoring the performance characteristics of the equipment., It 15 possible
to procure test equipment to improve monitoring which also will be useful
for maintenance purposes. The various subchessis ere accesdgible and nave test
pownto sufficient for maintenanc. purpeses. Maintenance of the anvennas,
transmitter, and receaver would be extremely difficult under adverse weather
conditiona when the cquiprent 19 needed the most since tnis equipment 1s not
sheltered.

The operating frequency of the equipment is not favorable for air =
traffic control purposces since precipitation attenuates the radar returns
and clutters the display so thai targets erc not discernible in the e¢lutterer
erces. While circular polarazation reduces displey clutter, 1t may not
reduce the elutter sufficiently under some precipitation conditions,

From the results obtained during the test period, it 1s concluded
that the 150-kw system is superior to the 50-kw asystem for alr traffic
control,
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Surveillance (ASR) Function.

The prescent minimum separation standards require that aircraft
being veetored by means of radar vwithin 40 miles be separated from other IFR
traffic by at least 3 mileg. On several o¢casions the pllcts of the two
aircraft used in the tests reported that other aircraft, which were not ob-
scrved on the display, were within three miles of their pogition at approxi-
mately the game altitude. The majority of ihcse reports were received from
the Tri-Pacer, which was presenting a strong return on the display at the
time, and concerncd larger aircraft, thereby eliminating .arget size as a
factor, All of the saghtings occurred in ereas ain which shadowing due to
ground objects should not have ocsurred, nor could resolution have been a
factor because of tne distance separating the two aireraft. It had been
noted previously thet changing the tilt of the azinuth antenna sometines
resulted in the gain or loss of ftargets on the display. It 1s possible thatx]
the lack of a second *arget in the reported sighlingas was directly related
to the ti1lt of the antenna, .

4

In order to insure effective and expeditious separation of arrcraft
by means of surveillance radaz, 1t 1s necessary that continuous coverage be
provided from the surface to the highest usable altitude. In addition to lhe
limitations i1mposed by the neceasity for verying the tilt of the entennn, the -
Quadradar also loses this capability when a chonge is made from the surveil-
lenze function to one of the other functions. In the case of the Quadradar,
it 18 not possible to overcome this reatrictcd use by the addition cof re-
peater scopes because changing the function also alters the antenna movement,
nceegslrtating complete drriication of cquipnent in order to operate two
functions gimultancously. Similarly, 1t 15 not practicable to use repeater
Benpes on one function because of the antemna-ti1lt problen, which would nake
1t difficult to establish one antenna position capeble of meeting the
requarcnents of ell operating positions,

Yoy
"

It 18 possible that the Quadradar would have some application in 4
situations involving only a limited number of aircraft and under conditions
when most of the aireraft appear over the same point within a limited range
of altitudes. Also, 2t 13 possible that specizl procedures could be egtab-
lished which offord o combinetion of ANC and redar separation, and which
would permit uiilization of the surveillance function for the apacing of
aircraft,

Precision (PAR) Function,

The precision function of the Quadradar was effective. The accuracy
and the stability of alignment appeared to be very good. The long- range and
high glide-path features provade flexibility of operation; the former would
be applicaeble at locations where long straight-in precision epproraches are
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possible, end the latter enables helicopter IFR precision gpproaches to be

made, It was not possible to test the equipment in the control of heli-

copters, but 1t 15 presumed thal the accuracy of the high glide path would

equal that of the low glade path since the alignment procedures are the foL
game, The high glide path can be set up on any of the four cursor positions o
so that precision epproaches can be made by both helicopter and fixed-wing
aircraft to either the same or different runweys.

Although 1t was not possible to perform an adequate test of the
capacity of the Nuadradar PAR function, 1t is probable that 1t would equel
thet of eany other precision radar, Although the longer range of the PAR
function theoretirally would sccommodate more aircraft on the display simul-
taneously then 18 the cese with other types of precision redar, the appli-
cation of this feature, using only one scope, atill would be limited by
communications capabilities and ruaway accaeptance rate,

Height-Finder Function.

The height-finder function of the Quadradar would be of little
value 1n the control of air traffic because of ite limited accuracy. The
gpecified accuracy for the 7° scan 18 0.3 per cent of the eircraft range
plua or minugs 10 per cent of the actual altitudc., For the 31° scan the
specified accuracy 1s Q.4 per cent of the aircraft range plus or minus 1O
per cent of the aircraft altitude. Although 1t night prove ugeful in the
case of an ailrcraft having s malfunctioning altimeter or radio, 1its
greatest application during the tests was in meking three-dimensicnal
measurenents of cloud buildups.

Taxl (ASDE)} Function.

As explained previously, & thorough test of the taxi function
could not be conducted because of siting limitationa, It is possible that
gultable siting would produce a disgplay of better quality. It was deter-
mined, however, thet the resolution waa insufficient, and the rate of
antenna rotation too slow to permit other than cursory direction of taxiing
aircraft.,

RECOMMENDATIONS

Should the use of the surveillance function of Quadradar be
contemplated, 1t 18 recommended thet coverage be determined after instal-
letion for several degrces of antenna tilt, and that charts or tables be
established indicating the expected coverage and the degrees of tilt that
should be uscd.
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It is urged that any c¢onsideration given the use of Quadradar be
limited to units ecquipped with 150-kw components.

The vertically mounted CPT was too high for comfortable use over
long perods of t'me, particuiarly by operators of comparatively short
atatuce, or 1f overlays arc uscd. Because of the limited use of the height-
finder function, and because the use of ithxs function 1s associated with the
upper half of the CRT, 1t 18 recomeendzd that the CRT comnponent be lowered
threc to five inches into tie area now occupled by the HEIGHT indicator and
control, and that these components be removed to the space vacated above the
new location of the CRT. This also will have the cffect of bringing the
CRT into closcr relationship with the most fregquenily used contiols.

It also 18 reccrimended that the VIDEO GAIN, INTENSITY, and R M

RATIO controls be provaded with knob, rather than screw driver, adjustments,
v

5

It 13 further recommended that a guerd bc placed over the
trangmitter power switch on the power dastribucion pancl so that it 18 not
possible to turn off the power to the trensmitter inadvertently.

It 15 strongly rccommended that the eircular polarization controls
be remoted to the opereting position.

It 15 recommended thet any equipnents used for air traffic contrel
be housed in a suitable shelter to facilitate maintenance,
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APPENDIX T
OFERATION O QUADRADAR CONTROLS

The following actions are rcguired of the operator in order to use
each of the four functions of the equipnent. It 18 not nzcessary that they
be followed in the order listed, althcusn the crder indicated 18 that deemed
mos t practical as a result of the tests,

The location cof each control 158 indiceted by relferchee to the
figure on which 1t appears. In all cassa it has been essuried that the
equipnent haa been turacd on, 1§ in operation, and the VIDEQ GAIN and
INTESITY controls, Fig. 5B, Nos. 3 and 8, the FOCUS control, Fig. 5B, No. T,
end tre LO TUNE AZ and BL controla, Fig, SA, Nog. 3 and &, have been ad-
Justed so {that the actiore regured are essentially those of changing from
cne function to another,

Actaonsg Commen to Two or More Functions: (These will be referred to only
by nucher i1n the SURVEILLANCE,
PRECISION, TAXI, and HEIGHT-
FINDER sections which follow.)

1. Operate the AZ ANT UP-DOWN contiol (Fig. 6A, No. §) as neccssary
to obtain the optimum ve:rtical trit of the azimuth antenna,

2. Rotate the AZ IF GAIN coatrol (Fig. 6A, No, 5) as necessary to
obteln the most usable display on the CRT.

3. Rotate the R M GAIN control (Fig. 6B, No. 1) as necessary to obtain
the desired inteneity of the range marks on the diesplay.

4. Adgust the R M RATIO control (Fig. €B, No. 2} so as to obtain or
elinina%te, as desired, the altcrnate one-uile range marks on the display.
(This 1ten applies only 1f the TAXI, 5- or 10 mile range has been sclected
in the SURVEILLAINCE function, or the 10-mile range in the FINAL APPROACH
function. )

5. Opcrate thc STC switeh (Fig, 5A, No. 9) and the FPIC switch
(Fig. 64, No. 1) to eather the ON or OFF positions, &s neccssary, to obtain
the beat display on the CRT.

6, Operate the OFF-CENTERING ON-OFF switch (Fig. 6B, No. 3) to the
OFF poaition 1f 1t 185 desired to off-center the sweep cn the CRT, and rotate
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the VERT OFF-CENTERING control (Fig. 6B, No. 4} and the HOR OFF-CENTERING
eontrol (Fig. 6B, No. 5) to position the sweep xn the desired position on
the CRT. (Applics to the SURVEILLANCE and TAXI functions only.)

7. Bnotate the NAV HEAD (Fig. 5B, No. 9) 1f necessary it position the
grad lines in the desired direction across the CRT,

8. Rotate the COMPASS LIGHT control (¥i1g, 5B, No. 5) and the NAV HEAD
LIGHET control (¥Fig, 5B, No, 6) to adjust the compess rogse lights and the

navigation head lights to the desired level of brilliance.

To Change to Surveillance (ASR) Function:

1 Rotate the SCAN SELECT switch (Fig., 64, No. 2) to the SURVEILLANCE
poslticn,

2. Rotate the RANGE NAUTTCAL MILES switch (Fig. 6B, No., €) to the
desired range on the SEARCH scale,

3. Exccute, as necegsary, Items 1-2-3-4-5-6-7 and 8 of the COMMON
ACTIONS group,

T> Change to Freeision Approach (PAR) Function:

1. Operate the MOUNT POS switch (Fig, 64, No. L) to either the CW or
CCW position, depending uwpon the direction of rotation desired, so as to
rotate the antenna mouvnt, es i1ndicated by the MOUNT POSITION STROBE LIIE
(Fig. 6, No. 10) to the magrnotic bearing of the extended ecenterline of the
runway tn which the appreach will be nade.

2. Rntacc the SCAN SELECT switch (Fig. 6A, No. 2} tn the FINAL
ATFROACH position.

Alternate Method -

1. Rctate the SCAN SELECT switch to the FINAL AFFPOACH positaon.,

2. Operatc the MOUNT POS switch to either the CW or CCW position,
depending upor. the direction of rotation desired, so as to rotate the an-
tenna pnownt, as indicated by the MOUNT POSITION indicator (Fag. 24, No, 1),
to the nagnetic bearing of the extended centerline of the runway to which
the approach will be nade.
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NOTE- In the first method, step 1 mey be cxecuted at any time during
the peried the ASR function 18 in use, while the use of the
ASR function rwust be discontinued in order to acconplish the
alternate nethod.

3. Note whach position of the RUNWAY 1-2-3-b4 indacator (Fag. 6A,
No. 12) 18 lighted.

L, If the light 1n siep 3 appears 1n a position other than that
agaigned tn the runvay %r which the approach will be maocc, rotate ihe CTURSOR
SELICT switch (Fig. €C, No. 1) +o the numbered position which corresponds to
the cursors previcucly aligned for the runway to which the approacn will be
nadc. Observe that the RUNWAY indicator light now appcars in the position
agsigned to the dcsired runway.

5. If the HEIGHT-FINDER CURSOR 1s appearing on the clevation portion
of the Cisplay, operate the EL CURSOR swrch (Fig. 6A, No. 3) to the GLIDE
PATH positicn,

6. Rotate the RANGE NAUTICAL MILES switch (Fig. 6B, No. 6) to the TAXI
positinn.

7. Operatc the STC switch (Fig. 54, No. 9) to the OFF positiom,

8. Depress the CURSCR ALIGN switeh (Fig. 64, Fo, 6) to check the
azimuth elignment of the clevation antenna.

9. Operate the MOUNT PCS switch (step 1 or 2 above) as neccssary, so
as to poasrtion the sweep trace through the center of the angle reflector
return -n the CRT. Rcpeat steps 8 and 9 1f necessary,

10. Check that the ELEVATION and AZIMUTH CURSORS (Fig. 5B, No. 13) are
properly positioned with respect to the touchdown and bracketing reflector
returns.

11. Rotatc thce RANGE NAUTICAL MILES switch to the desired range on the
FREC scalc.

12, Operate the EL ANT LEFT-RIGHT control (Fig. 64, No. 8) as indicated
by the position of the ELEVATICN ANTENNA STROBE LINE (Fig. 58, No. 11) on
the azimuth portion of the aisplay, so that a return from the desired
alrcraft 18 obtained on the elevation portion of the display.
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13. Operatc the AZ ANT UP-DOWN control (Fig. 6A, No. §) as indicated by
the position of the AZIMUTH ANTENNA STROBE LINE (Fig, 5B, No. 11) on the ele-
vation portinn of the display, sc that a return fron tne desired sircraft 1is
obtained on the azwavth pordicn of the display.

14, Exceute, 08 nccessary, items 2-3-4-5-7 and 8 orf the COMMON ACTIONS
group,

To Chanae to Taxi (ASDE} Function:

1. Rotate the SCAN SELECT switeh (Fig. 64, No. 2) to the SURVEILLANCE
pogition,

2. Rotate the RANGE NAUTICAL MILES switch (Fig. 6B, No. 6) to the
TAXT position.

3. Operate the AZ ANT UP-DOWN control (Fig. 64, No. 9) to the DOWN
position until the AZ TILT neter (Fig. 5B, No. 2) registcrs 0.

L, Executc, as necessary, 1tems 2-3-%-5-6-7 and 8 of the COMMON ACTIONS
group,

To Change oo Height-Finder Fuaction:

If the CONTROL-INDICATOR (RHOUP alrcady 28 adjusted for the
SURVEITLANCE TFUNCTION:

1. Operate the MOUNT PQS switch (Fig. 64, No. 4) to either the CVW or
CCW positiocn, depending upon the direcction of rotation desired, in order to
rotate the antenna uwount to the approximate position of the desired aircraft
return on the CRT display as indicated by the MOUNT POSITION STROBE LINE
(Fig. 17).

If the CONTROL-INDICATOR GROUP already 18 adjusted for the
PRECISION APPROACH FUNCTION®

1. Operate the MOUNT POS switch to either the CW or CCW position,
depending upen the direction of rotation desired in order to rotate the an-
tenna nouwnt so thot the beoring of the center of the antenna scan as indai-
cated by the MOUNT POSITION indicator (Fig. 5B, No. 1) wall be within 15° of
the bearing to the desired aircraft.

2. Operate the EL CURSOR switch (Fig. OA, No. 3) to the HEIGHT-FINDER
position,
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If the subject aircraft 15 believed to be at an altitude of 5,000 feet or
below:

3. Rotatc the SCAN SELECT switch (Fig. 64, No. 2) to the FINAL
APPROACH position. In addition to funcsion selection, this action also will
1llwuinete the left porcion of the HEIGHT indicatnr (Fig. 6A, No. 11).

NOTE+ 1If the CONTROL~INDICATOR GROUP already 1is adjusted for the
PRECISION APPROACH FUNCTION, this step already will have been
completed,

If the osubject aircraft 18 believed to be at an altitude above 5,000 feet,

4., Rotate the SCAN SETECT switch to the BEIGHT-FINOFR position. Im
addartion to funciion selectbion, 1268 action also will 1lluminate the right
poriion of the HEIGHT indica.or.

5. Rotate the RANTE NAUTICAL MILES switch (Fig. 6B, No. 6) to the
desired range on the PERC zcale,

6. Operate the EL ANT LEFT-RICHT con*rol (Fig. 64, No., 8) as indicated
by the position of the ELEVATION ANTENNA STROBE LINE (Fig. 5B, No. 1l1) on
the azimuth portion of the display, so that a return from the desired
arreraft 19 obteined cn the clevation portion of the display.

T+ Execute, as neceszary, 1tcns 1-2-3-4-5-7 and 8 of the COMMON ACTIONS
group.

8. Rotate the HEIGEY-FINIER control (Fig, 6A, No. 10) so as to bisect
the aircraft retwrn on tnc elevation displey with the HEIGHT-FINDER CURSCR
(Fog. 58, No, 12).

9. Read the altitude of the aircraft on elther the left or the right
HEIGHT indicetor as sclected in step 3.
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