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EVALUATION OF HUGHES OBSTRUCTION WARNING RADAR
MCDEL HTIR-13A

SUMMARY

This report describes recent tests conducted by the CAA Technical
Development and Evaluation Center of the Obstruction Warning Radar, Model
HTR-134, built by the Hughes Aircraft Co The equipment used in the tests
was obtained on loan from Trans World Airlines, 1Inc., and was of the type
nov in use by that company

The results confirmed those c¢oncluded in Technical Development
Report No 78, "Report on Comparative Tests of Existing Terrain Clesrance
Indicators," deted March, 1948, which covered tests conducted on an earlier
model of the same equipment. The accuracy of the warning indications 18
adequate for the designed purpose and the warning provided will prevent
¢ollisieons with mountainous terrain under the majority of conditions en-
countered in flight provided the aircraft climbs at a high rate when the
alarm 18 received, However, under a small percentage of conditions, which
may be encountered, the warning may not provide sufficient time for the
Pilot to take the necessary corrective action It 18 possible to predict
with reasonsble accuracy whether the alarm is adequate for any particular
situation when the profile of the terrain, altitude of the aircraft and air-
craft climb characteristics are knowm.

Two probleme that ere encountered in the use of the equipment are
1ta average of 350 hours of life between breakdowns and the temporary assign
ment of the radio frequency band 1n which 1t 18 used.

INTRCDUCTION

Aircraft collisions with mounteinous terrain have presented an op-
erational problem for which a complete solution 1s not readily available
since both the human element and equipment a1ds are involved, Statistiecal
studies of the problem have indicated that a device which would provide
warning to the pilot, when he reaches a predetermined distance from an ob-
stacle, would greatly reduce the possibilities of collision with the obstecl
The operatiomnal procedure suggested for the use of such equipment, which 1in-
dicates when certain predetermined distances from obstacles sre approached,
18 to climb to a higher altitude i1mmediately when the warning 1s received

ApproXimately four years ago, a number of flight tests were con-
ducted on two equipments for thls purpose, cne of which was an esrly model
of the Obstruction Warning Radar built by Hughes Aircraft Co  These tests
and the results are described in Technical Development Report No 78. Since
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then, a number of these equipments, which have been improved in reliabality,
heve heen i1n use, the largest user beling TWA.

Considerable study and flight test work have been conducted by the
Hughes Aircraft Co on the use of this equipment, and the results were pub-
lished under the titles "Hughes Airline Radar as Applied to the Hughes Anti-
Collision System of Flying" and "Addendum to Hughes Airline Radar as Applied
to the Hughes Anti-Collision System of Flying." In the majority of cases
covered by the reports, the warning provided by the egquipment was adequate to
prevent collision., However, 1n several cagses where gharp slopes were en-
countered and the aircraft wes flying at altitudes far below the top of the
terrain ahead, the warning was not provided in time for the pilot to aveoid
¢ollision by employing the climbing procedure described.

Recently, one of the equipments now being used by TWA was obtained,
through the co-operation of the Hughes Aircraft Co., to determine the opera-
tional characteristics of the equipments presently used and what improvements
have been made since the original evaluational tests were conducted  The
following report describes the results of these tests and iuspection

EQUIPMENT

The Hughes radar equipment, Model HTR-134, 1s a terrain-clearance
warning device which provides a warning to the pilot whenever the airecraft
reaches a pre-fixed distance to an obstacle A visual Warning 1s given by
an 1ndicating light and an audible warning 1s given by a bell Three warning
ranges are available in the equipment tested, these may be selected by means
of a range switch and are pre-set at 2,000, 1,000 and 500 feet

The equipment 1s a modification of the APS-13 tail-warning radar
which was developed during World War TT for detecting the presence of hostile
aircraft within a limited range behind APS-13 equipped sircratt Its prin-
ciple of operation is the same as a simple pulse-type redar which measures
distance to the nearest reflecting cbject The equipment weighs approximately
16 pounds and requires rrimary pover of 3.25 amperes at 28 volts dc. The
equipment operates on a frequeacy of 423 + 1/2 Mc, a temporary assignment in
this frequency band.

A DC-3 type airerafi, N 182, was used during the tests on the
equipment, and the installation was made with the aid of Mr Norman Hall of
the Hughes Aircraft Co , who made the loan arrangements with TWA and delive
ered the ecuipme.at to ¥hig Ceater on Septeumber 12, 1951 Ugpon completion of
the 1nstallecica, fligkc cherks were conducted, with Mr Hall collaberating,
to assure 1hka: *he egu.pmen® waa periormil g 1n a normal manner The equip-
ment used was Model HTR-13A, Serial fo 365, Figs. 1, 2 and 3 show the
equirment as installed in the aireraft, Fig. 1 19 a view of the transmitter-
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receiver unit Fig. 2 shows the antepna 1nstallation and Fig, 3 shaws the
warning lights in the cockpit

An inspection of the equipment showed that 1t 1s essentially the
game a8 that used 1n the original tests, with the exception of several cir-
cuit modifications, designed to 1mprove 1ts over-all life end reliabilaty.
These are described in detail i1n Technical Bulletins Nos 2 and 3, dated
April 8, 1948, and April 20, 1949, respectively, on the HTR-13( ) equipment,
183ued by the Electronics Department of the Hughes Aircraft Co. The major
modifications made were in the modulator circuits and a change i1n the type
of modulator tube used. It 15 estimated by TWA that these modifications in-
creased the average reliable operating time between maintenance periods
from 150 to 350 hours It appears that the modifications did not change the
over-all performance characteristics appreciably,

TEST RESULTE

Since the equipment appeared to have the same major performance
characteristics as the original equipment tested, the tests were conducted
primerily to determine changes in the performance characteristics and to
obtain data on tests not included 1n the earlier program.

Tests were made over Lake Michigan, west of Benton Harbvor, Mich ,
to check the accuracy of the equipment, The results are shown in Table I,
With wings level, the rate of deacent was approximately 200 feet per minute
and the rate of ascent was approximately 40O feet per minute. Rates of
ascents and descents for the verious wing banks were from 200 to 300 feet per
minute Errors were calculated sssuming that the altimeter readings were
correct, Negative errors ind:cate that the alerm was givern at altitudes less
than the correct altitude. The altitude of Lake Michigan, as determimed from
Sectional Aeronautical Chart U-T for the Chicego Area, 1s 581 feet.

From the data in Table I, 1t 13 noted that alarme are given at
slightly lower altitudes when the aircraft is ascending than when 1t 1s de-
gcending., This difference 13 caused by lag in altimeter indications, since
lag 1n the obstruction warning equipment would ceuse alarms to occur at lower
altitudes when the sircraft 1s descending. During the tests, 1t was noted
that altitude changes of 20 to 40 feet were required after the alarm first
occurred until the alarm was continuous Similar altitude changes were re-
quired for transition from alarm to no-alsrm indications. During the transi-
tion pericd, the warming light flashed on and off and the warning bell
sounded several times,

Sewveral passes were made over the east bank of the lake, south of
Benton Harbor. The top of the tank 1s approximately 80 feet above the water.
Satisfactory alarms for the 2,000-, 1,000- and 500-foot ranges were given as
the airereft passed over the bark at altitudes of 2,620, 1,580 and 1,120 feet.



TABLE I

Accuracy Tests

Warning Light Aircraft Error - Feet
Observed Wing Bank Aircraft Aircraft
Feet (Above Ground) (Degrees) Ascending Descending
2,000 0 o +20
2,000 30 Left -20 -10
2,000 30 Right -20 -10
2,000 L5 Left =30 -30
2,000 L5 Right -4o -30
2,000 60 Left -60 -50
2,000 60 Right -60 -50
1,000 0 -Lo -30
1,000 30 Left -50 -30
1,000 30 Right -50 -30
1,000 L5 Left -60 -55
1,000 45 Right -60 -50
1,000 60 Left =70 -60
1,000 60 Raight =70 -60
500 0 410 +20
500 30 Left -10 110
500 30 Right 0 +10
500 45 Left -10 -20
500 45 Right -10 -10

4 flight was then made to the Smoky Mountain Area to observe opera-
tion of the equipment when flying over mountainous terrain Five passes
were made over Mt. LeConte, 35° 39' North Latitude and 83° 26' West Longitude,
approximately 35 miles southeast of Knoxville, Tenn. The heading of the air-
craft was approximately 160 degrees. The aircraft paths and profiles of Mt.
LeConte are shown in Figs. 4, 5 end 6. Passes were started from initial
altitudes of 3,700, 4,500, 5,500 and 6,000 feet above sea level. The profiles
shown are not 1denticel since 1t was necessary to use slightly different
headings for some passes 1n order to avoid clouds near the summit. The pro-
files were plotted from a U, S Geoclogical Survey map of the Great Smoky
Mountains National Park Altimeter, air-speed, rate-of-climb indications and
time were recorded during the passes,

The aircreft cleared the peak satisfactorily in each case. Gener-
ally, the rate of climb assumed after the alarm was approximately 1,500 feet
per minute for the first mile and approximately 1,000 feet per minute for



each succeeding mile until the alerm ceased. Level flight was resumed after
the alarm ceased., In a few cases the alarm was off momentarily and there
was i1nsufficient time to resume level flight. On the pass starting at the
altitude of 3,700 feet, Fig 1, the pilot followed the procedure of con-
tinuing the clamb for approximately 500 feet after the alarm ceased in order
to obtain safer c¢learances

A atudy of various profiles of Mt, Lelonte indicates that the
Hughes obstruction warning equipment provides warning that is adequate to
prevent collision, provided that the eircraft 1s capable of climbing at
least 790 feet for the first mile and 500 feet for eagh succeeding mile.
Examination of mountainous profiles west of Salt Lake City, Utah, parallel
to the northwest leg of the Fairfield radio range and within four miles of
the center of the airway, shows that rates of ascent up to 1,300 feet per mle
for digtances of approximately 1 1/2 miles would be required for clearance 1f
the airereft was 2,000 feet below the summit when the alarm 18 given For a
ground speed of 120 mph, the required rate of climb 1s 2,600 feet per minute
and for a ground apeed of 180 mph the required rate of climb 1s 3,900 feet
rer minute. No allowance 1s made for possible downdrafts in the asbove cal-
culations  For the above conditions, the warning i1s not adequate to prevent
collisiona

The cperation of the equipment during take-off and landing was ob-
served at several airports Due teo the varying altitude of terrain sur-
rounding airperts, 1t was not possible to check the accuracy of the alarms;
however, 1t was noted that the operation of the 500-foot alarm was unreliable
when the aircraft was less than 100 feet above ground. In several cases, the
alarm ceased when the aircraft was 90 feet above the runway, and was on and
off several times as the aircraft descended to the runway.

No maintenance or adjustment was required during the tests, which
congumed a total opsrating time of approzimately 12 hours

CONCLUSTONS

From the =shove tests a.d from information contained in previous re-
ports prepared by the Hughes A.~craft Co and this Center, 1t 1s concluded
that

1. Except for errati¢ operation of the 500-foot warning indica-
tione when the aircraft i1s less than 100 feet szbove ground, the accuracy of
the warning indicatioans 1e adequate. Tt 1s understood that the design toler-
ancesd used by Haghes Aircraft Co. sre +100 feet for the 2,000- and 1,000-foot
ranges and +50 feet rfor the 500-foot range It 18 believed that the only
time that erratic operation below 130 feet could be objectionable 1is duraing
Tunvway approachnec.
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2. The warning provided by the equipment 1s adequate to prevent
collision with mountainous terrain under the majority of conditions provided
that the aircraft ¢limbs at a high rate when the warning is received. In a
few cases the alarm would not be adequate to prevent collision, The warnings
are adequate 1l the alrcraft 15 not too far below the peak at the time of the
alarm. The slope and height of some ridges and peaks near or on airways are
such that the rate of ¢limb of many airc¢raft 18 insufficient to avoid colla-
sion 1f the aircraft altitude 15 1,000 feet or more below that of the pesk
vhen the alarm i1s given., It 18 possible to predict, with reasonable accuracy
whether the alarm 1s adequate for any particular situation when the profile
of the terrain, initial aircraft altitude and aircraft ciimb characteristics
are known  Such predictions do not allow for downdrafts sometimes encoun-
tered in mountainous areas and which may cause aircraft to lose altitude when
approaching a peak.

3. The indications are not fail-asafe The indacatione for no-
alarm condition and most types of equipment failures are rdentical. The
pilot or co-pilot must press & "check" switch button to determine whether the
equipment is operative  When the '"check" sewiteh button is pressed, the warn-
ing light selected is 11luminated 1f the equipment 15 in operating condition.
The check operation does not provide any indication of the condition of the
antenna or its transmission lims.

4. Two of the problems confronting a tentative purchaser of an
equipment of this type are, the present average service life between repairs
of less than 500 hours and the temporary assignment of the frequency band on
which the equipment cperates. Since the sgquipment wes originally designed
for & military application, during the recent war, a redesigned model easily
could provide the desired reliability if the present life characteristics are
not satisfactory. However, a more permenent fregquency assignment 1s reguired
to avoid interference wath other radio and radar transmissions and to avoid
obsolescence of equipment., An assignment to a2 higher frequency band would
prove to be less satisfactory because of the incressed probabilaty of en-
countering false elarms from clouds end areas of precipitaticn
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