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EVALUATION OF HUGHES ORSTRUCTION WARNING RADAR 
MODEL HTR-13A 

SUMMARY 

This report descrlbee recent tests conducted by the CAA Technical 
Development and Eveluatlan Center of the ObBtructlon Warning Radar, Model 
HTR-13A, built by the Hughes Aircraft Co The equipment used In the tests 
was obtalned on loan from Trans World Alrllnes, Inc., and wa8 of the type 
now m we by that company 

The results conflrmed those concluded in Techn~al Development 
Report No 78, "Report on Comparative Teats of Exlstlng Terraln Clearance 
Indlcatore," dated March, 1948, which covered tests conducted on an eerller 
model of the 8ame equipment. The accuracy of the warning lndlcations 16 
adequate for the designed purpose and the warning provided will prevent 
oolllslons with mountainous terraln under the maJorlty of condltlons en- 
countered In flight provlded the alrcraft climbs at a high rate when the 
alarm 18 received. However, under a small percentage of condatlona, which 
may be encountered, the warning may not provide eufficlent time for the 
pilot to take the necessary correctrve actlon It 18 possible to predict 
with reasonable accuracy whether the alarm is adequate for any partlculer 
sltuatlon when the profile of the terraln, altitude of the alrcraft and air- 
craft climb characterlstlcs are known. 

Two problems that are encountered In the use of the equipment are 
Its average of 350 hours of life between breakdowns end the temporary assIgn 
ment of the radio frequency bend ln which It 18 used. 

INTRODUCTION 

Alrcraft colllslons with mountainous terrain have presented an op- 
eratlonal problem for which a complete solution 1s not readily avaIlable 
since both the human element and equipment alds are Involved. Statlstlcal 
studaes of the problem have indicated that a device which would provtde 
warnmg to the pilot, when he reaches a predetermined dletance from en ob- 
stacle, would greatly reduce the posslbllltles of collaslon with the obstacl 
The operational procedure suggested for the use of such equipment, which In- 
drcates when certain predetermined dlstences from obstacles are approached, 
18 to climb to a hzgher altitude lmmedlately when the warnmg 1s received 

Approximately four years ago, a number of flight tests were con- 
ducted on two equipments for this purpose, one of which wa8 an early model 
of the ObstructIon Warning Radar burlt by Hughes Alrcraft Co These teats 
and the results are described m TechnIcal Development Report No 78. Since 
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then, a number of these equipments, which have been mproved m reliablllty, 
have been m use, the largest user being TWA. 

Comlderable study and flvght test work have been conducted by the 
Hughes Alrcraft Co on the use of this equipment, and the results were pub- 
lmhed under the titles "Hughes Axline Radar as Applied to the Hughes AntI- 
Colllelon System of Flymg" and "Addendum to Hughes Alrllne Radar as Applied 
to the Hughes Anti-Collmlon System of Flying." In the maJorlty of cases 
covered by the reports, the warnmg prom&d by the equipment was adequate to 
prevent colllslon. However, m several cases where sharp slopes were en- 
countered and the axcraft was flymg at altitudes far below the top of the 
terram ahead, the warnmg was not provided m tme for the pllot to mold 
Colllslon by employmg the clmbmg procedure described. 

Recently, one of the equipments now bemg used by TWA was obtamed, 
through the co-operation of the Hughes Axcraft Co., to determme the opera- 
tlonal characterlstlcs of the equipments presently used and what xnprovements 
have been made alnce the orlglnal evaluatIona tests were conducted The 
following report describes the results of these tests and lnspectlon 

EQUIPMENT 

The Hughes radar equipment, Model RTR-13A, 1s a terram-clearance 
warnmg devxe whxh provides a warnmg to the pllot whenever the aircraft 
reaches a pre-fxed distance to an obstacle A visual warnmg 1s given by 
ah mdlcatmg light and an audible warnmg 1s given by a bell Three mrnmg 
ranges are avmlable m the equipment tested, these nay be selected by means 
of a range switch and are pre-set at 2,000, 1,000 and 500 feet 

The equipment 18 a modlfxatlon of the APS-13 tall-warnmg radar 
which was developed durmg World War II for detectmg the presence of hostIle 
axcraft wlthm a lmlted range behmd APS-13 equipped axcraft Its prm- 
clple of operation 1s the same as a smple pulse-type radar whxh measures 
distance to the nearest reflecting obJect The equipment weighs approxmately 
16 pounds and requires primary power of 3.25 amperes at 28 volts dc. The 
equipment operates on a frequexy of 423 L l/2 MC, a temporary asslgxaent m 
thm frequency b,md. 

A DC-3 type aircraft, N 182, was used durmg the tests on the 
equipment, and the mstallatlon was made with the aid of Mr Norman Hall of 
the Hughes Alrcraft Co , who mde the loan aman,geme?& with TWA and dellv- 
ered the eoulpme,,t to this Center on Septmzber 12, 1951 Upon completion of 
the ]nsta:ia-Elm, fllchs the.-ks were conduc+&, with Mr Hall collaboratlcg, 
to assure Ita'; the eqdLpm.msn'. was pelJmmlrg m a normal mmaer The equip- 
ment used ms Model HI::-13A, Serm.1 Ko 35. Flgs. 1, 2 and 3 show the 
equIpDent as mstalled m the axcraft. Fig. 1 18 a view of the transmitter- 
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receiver umt Fig. 2 shows the antenna lnstallatvon and Fig. 3 shows the 
warnmg lights in the cockplt 

An lnspectlon of the equipment showed that It 1s essentially the 
same as that used in the orlglnal tests, with the exceptlon of several clr- 
cult modlfxatlons, designed to improve its over-all life and rellablllty. 
These are described In &tall III Technxal BulletIns NOB 2 and 3, dated 
Api- 8, 1948, and Aprll 20, 1949, respectively, on the HTR-13( ) equipment, 
issued by the Electronxs Department of the Hughes Aircraft Co. The mayor 
modlflcatlons made were m the modulator clrcults and a change in the type 
of modulator tube used. It 1s estimated by TWA that these modlfxatlons in- 
creased the average reliable operating time between malntenence periods 
from 150 to 350 hours It appears that the modlflcatlons did not change the 
over-all performance characterlstxs appreciably. 

TEST REZXJLTS 

Since the equipment appeared to have the same maJo= performance 
characterlstxs as the orlglnal equlpment tested, the tests were conducted 
prlmarlly to determine changes in the performance characteristics and to 
obtain data on teats not included in the earlier program. 

Tests were made over Lake Mlchlgan, west of Benton Harbor, Mxh , 
to check the accuracy of the equipment. The results are shown in Table I. 
With wings level, the rate of descent was approximately 200 feet per minute 
and the rate of ascent was approximately 400 feet per minute. Rates Of 
ascents and descents for the various wing banks were from 200 to 300 feet per 
minute Errors were calculated assuming that the altimeter readings were 
correct. Negative errors 1ndlcat.e that the alarm was given at altitudes less 
than the correct altitude. The altitude of Lake Mxhlgan, as detenned from 
SectIonal AeronautIcal Chart U-7 for the Chicago Area, 1s 581 feet. 

From the data in Table I, It IS noted that alarms are given at 
sllghhtly lower altitudes when the aircraft is ascending than when It 1s de- 
scendmg. This difference 1s caused by lag in altimeter lndlcatlons, since 
lag 1n the obstructlon warning equipment would cause alarms to occur at lower 
altitudes when the aircraft 1s descending. During the tests, It was noted 
that altitude changes of 20 to 40 feet were required after the alarm first 
occurred until the alarm was continuous Slmllar altitude changes were re- 
qulred for transltlon from alarm to no-alarm lndlcatlons. During the transl- 
tlon period, the warnxg light flashed on and off and the warning bell 
sounded several times. 

Sereral passes were made over the east bank of the lake, south of 
Benton Harbor. The top of the bank 1s approximately 80 feet above the water. 
SatLsftiory alerms for the 2,000-, l,OOO- and 500-foot rsnges were given as 
the a~craft passed over the bark at altitudes of 2,620, 1,580 and 1,120 feet. 
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TABLE I 

Accuracy Tests 

Warning Light Alrcraft 
Observed Wing Bank 

Feet (Above Ground) (Degrees) 

Error - Feet 
Aircraft Aircraft 
Ascending Descending 

2,000 0 0 f20 
2,000 30 Left -20 -10 
2,000 30 Right -20 -10 
2,000 45 Left -30 -30 
2,000 45 Rlghht -40 -30 
2,000 60 Left -60 -50 
2,000 60 h&t -60 -50 

1,000 0 -40 -30 
1,000 30 Left -50 -30 
1,000 30 Right -50 -30 
1,000 45 Left -60 -55 
1,000 45 Right -60 -50 
1,000 60 Left -70 -60 
1,000 60 Right -70 -60 

500 0 t10 t20 
500 30 Left -10 410 
500 30 R&t 0 t10 
500 45 Left -10 -20 
500 45 Right -10 -10 

A flight was then made to the Smoky Mountain Area to observe opera- 
tlon of the equipment when flying over mountainous terraln Five passes 
were made over Mt. LeConte, 35O 39' North Latitude and 83' 26' West Longitude, 
approximately 35 miles southeast of Knoxville, Term. The heading of the air- 
craft was approximately 190 degrees. The alrcraft paths and profIles of Mt. 
LeConte are shown 111 Figs. 4, 5 and 6. Passes were started from lnltlal 
altitudes of 3,700, 4,500, 5,500 and 6,000 feet above sea level. The profiles 
shown are not ldentlcal since It was necessary to use sllghtly different 
headings for some passes In order to avoid clouds near the summat. The pro- 
flies were plotted from a U. S GeologIcal Survey map of the Great Smoky 
Mountains Nataonal Park Altimeter, air-speed, rate-of-climb lndlcatlons and 
time were recorded durang the passes, 

The alrcraft cleared the teak satlsfactorlly 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 
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each succeedmg mile until the alarm ceased. Level flight was resumed after 
the alarm ceased. In a few cases the alarm was off momentarily and there 
was msuffxlent tune to resume level flu&t. On the pass startmg at the 
altitude of 3,700 feet, Fig 1, the pllot followed the procedure of con- 
tmumg the clmb for approxmately 500 feet after the alarm ceased m order 
to obtam safer clearances 

A study of various profiles of Mt. LeConte lndlcates that the 
Hughes obstruction warnmg equpment promdes wsrnmg that 18 adequate to 
prevent colllslon, provlded that the alrcraft 1s capable of clunbing at 
least 750 feet for the first mle and 500 feet for each succeeding mile. 
Exammatlon of mountamous proflles west of Salt Lake City, Utah, parallel 
to the northwest leg of the Falrfleld. radio range and wlthln four mles of 
the center of the au-way, shorn that rates of ascer,t up to 1,300 feet per mle 
for distances of approxmately 1 l/2 mles would be requred for clearance 1f 
the alrcraft was 2,000 feet below the smut when the alarm 1s given FOX a 
ground speed of 120 mph, the requred rate of clmb 1s 2,600 feet per mmute 
and for a ground speed of 180 mph the requred rate of clmb 1s 3,900 feet 
per mmute. No allowance 1s made for possible downdrafts m the above cal- 
culatlons For the above condltlons, the warnmg 1s not adequate to prevent 
colllslons 

The operation of the equipment durmg take-off and landmg was ob- 
served at several axports Due to the varymg altitude of terram sur- 
roudmg aIrports, It was not possible to check the accuracy of the alarms; 
however, It was noted that the operation of the 500-foot alarm was mrellable 
when the alrcraft was less than 130 feet above sound. In several cases, the 
alarm ceased when the axcraft was 90 feet above the runway, and was on and 
off several tunes as the aircraft descended to the runway. 

No mamtenance or adJustment was required durmg the tests, whxh 
consumed a total operatmg tune of approxmately 12 hours 

From the above tests a.~? from lnforzatlon contaIned in ~revlous re- 
ports prepared by the Bughss A,ri:-aft Co and this Center, l'c 1s concluded 
that 

1. Except for erratic operation of the 500-foot warning lndlca- 
tmns when the elrcraft 1s less than lC0 feet above ground, the accuracy of 
the warning lndlcatinns 1s adequate. It 1s understood that the design toler- 
3nces used by Hughes Axcraft Co. sre *lo0 feet for the 2,000- and l,OOO-foot 
ranges and ~50 feet icr tne 5@0-foot range It 1s belleved that the only 
time that erratic operation below lXl feet could be obJectlonable 1s during 
runway approaches. 
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2. The warning provided by the equipment 18 adequate to prevent 
collusion with mountainous terrain under the m.aJor1t.y of conditions provlded 
that the aircraft ClUnbB at a high rate when the warning 1s received. In a 
few cases the alarm would not be adequate to prevent colllslon. The warnings 
are adequate If the aircraft 1s not too far below the peak at the tune of the 
alarm. The slope and height of 80~ rldgeB and peaks neaS or on airways are 
such that the rate of climb of many aucraft 1s insufflclent to avoid coll~- 
slon If the alrcraft altitude 1s 1,000 feet or more below that of the pesk 
when the alarm 1s given. It 1s possible to predxt, with reasonable accuracy 
whether the alarm 1s adequate for any particular situation when the profile 
of the terrain, lnltlal axcraft altitude and au-craft climb CharaCterlBtlCS 
are known Such predlctlons do not aLlow for downdrafts sometunes encoun- 
tered in mountainous areas and which may COUB~ aircraft to lose altitude when 
approaching a peak. 

3. The lndlcatlons are not fail-Bafe The lndlcations for no- 
alarm condition and most types of equipment failures are ldentxal. The 
pilot or co-pllot must press * "check" switch button to determlne whether the 
equipment 1s operative When the "check" awltch button 1s pressed, the warn- 
~ng light selected is illuminated If the equipment 1s m operating condltlon. 
The check operation does not provide any lndlcatlon of the condltlon of the 
antenna or Its transmlsslon line. 

4. Two of the problems confronting a tentative purchaser of an 
equipment of this type are, the present average servxe life between repairs 
of less than 500 hours and the temporary assignment of the frequency band on 
which the equipment operates. Since the equipment was orlglnally designed 
for a military appllcatlon, during the recent war, a redeslgned model easily 
could provide the desired re1lablllt.y If the present life characteristics are 
not satisfactory. However, a more permanent frequency assignment 1s requred 
to ~0x3 Interference rvlth other r&lo and radar transmlsslons and to avoid 
obsolescence of equipment. An assignment to a higher frequency band would 
prove to be less satisfactory because of the Increased prababl1lt.y of en- 
countering false alarms from clouds and. sreas of preclpitatlon 







DISTANCE FROM SUMMIT IMILES 
FIG 4 ASCENT OF MT LE CONTE FROM INITIAL ALTITUDES OF 3700 AND 6000 FEET USING AIRCRAFT 

NC I82 EOUIPPED WITH HUGHES AIRCRAFT CO OBSTRUCTION WARNING RADAR 



FIG 5 ASCENT OF MT LE CONTE FROM INITIAL ALTITUDE OF 4500 FEET USING AIRCRAFT NC 182 
EOUIPPED WITH HUGHES AIRCRAFT CO OBSTRUCTION WARNING RADAR 



FIG 6 ASCENT OF MT LE CONTE FROM INITIAL ALTITUDES OF 5500 AND 6000 FEET USING AIRCRAFT 

NC 182 EOUIPPED WITH HUGHES AIRCRAFT CO OBSTRUCTION WARNING RADAR 


