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EVALUATION OF ATRCRAFT RADIO GCHPORATION
TYPE H-1ly SIGHAL GENERATCR AS A
LO=COT OINITE'T FAGILITY

IITRODUCTTION

The 0ffice of Federal iirways requested the Technical Develop-
ment and DLveluation Center to evaluate the Aircraft Radio Corporationls
Ty»e H-1L signal generator and Type H-16 standard-course checker to
aetermine their sultabilitr as a lo-cost ommitest and nom tor facilaty.
Thns evaluation was to cover the accuracy, stability, power cutput, and
reliability of the equlprment over a peried of several months' operaticn.
This report gives the results of tests conducted over a period of eight
months,.

The Type H-ll signal generator is a test set used for testing
and adjusting airborne ViIF navagational receiving equipment and 1s manu-
factured by the Aircraft Radio Corporation, Booaton, ¥. J. The H-14
signal penerator tested as a standard model and was transmitting a sig-
nal of O degrees FROUl bearing at a frequency of 112.0 Mc. The Type H~16
standard-course checker 1s used for checking the O-degree and 180-degree
vearings fram the signal generatar.

The specific tests conducted at TDEC on the ARC Tyme H-ll signal
generator are described in this report.

BENCH TECTS OF ELLICTRICAL COMPOWLITS

The circuit analysis indicated that there were several components
(resisters and capacators) that would ;ve an erronecus bearing if their
optarmm value rmrere changed b plus or minus 10 per cent. In order to
determine these cratical components, each resistor and capacitor was
paralleled rith a like component of such value that 1t trould change the
resistance or capacity of its carcuit by 10 per cent.

A change of 10 ner cent of the optimmm value of the following
conponents caused a vearing change as listed in the following. During
this test, lhe course-selector sidtch was set at 130 degrees TO.

Only those components that are used when the signal generator
15 operated as a very-high-frequency omnitest faciiity (VOT) on 180-
degree TO bearing vere checked. Those components used during tone and
localizer operataion and for all other bearings were not checked durng
this test.
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TABLE T

10 TER CENT CHANCE (OF COIPONA™T NO.ITAL VALUL VS. BRARTNG CIVIIGE

Component Value Bearing Change (degrees)
Resistor R-13L 100K (ohms) 0,3
R-135 1C0K Dl
E-138 100K 0.3
R~113 2CL 0.l
R-1L45 15% 0.5
R-157 100K O.h
Capacitor C-115 C.00L3 (microfarads) 0.L
C-118% or B 0.25 0.4
C-1319 0.00L3 0.3
C-123A or D 0.25 4.5
C-127 0.5 0.5

LERVICEADILITY AND STADILITY

The oriranzl Type H=-1! sicnal generator was placed in operation
on March 27, 1953, and was later replaced with an improved umt supplied
by .he Lircraft Radio Corporation on Apral 15, 1953. Tms later model
(Serial No. 369) vas in continuous operation until feptember 7, 1953, vhen
1t ias shut off for laboratory tests. After the laboratory tests +rere
completcd, the equipment was agoin omerated as a VOT aid.

The stabilaty tests were conducted as follows: The signal gen-
erator wras set un and tuned to 112.0 Mc and transmitted a signal of 180
degrees TO (0O degree FROI) from a crossed-dipole antenna mounted on Llne
laboratory rpof. licasurements of the bearing irere taken daily using a
V-antenna and a Collins 51R-2 navagation receiver. After talkang the
bearings, the receaver vac inmediately calibrated 1ath a Gollins 4798
audio generavor and a Boonton 2114 sirmal generator. The amproved H-1l
1 rol generator vwas calibrzted and adjusted rthen first installed on
spr.l 15, and no further adjustments rere made until 1t mas shut dom
for the bench tests on Septenber 7, During the bench tests, all of the
tubes mere checlied and none rere found in need of replacement. It -ras
found necessary to replace tubes VIOL (30-cps amplifier) and V11l (r-f
orbout) on November 16 because of lomw tube emission.

Fir. la graphicclly portrays the stabailaty by .indicating the
riinimen and maxinun variations of tlie transmivted bearings for the weels
starting, on the indicated dates. The broken line (dra-m midway betueen
the weekly minimm and maximum points) deoes not indacate the daily measure-
ments but only the bLrend or the weekly variations.'
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The AFC standard-course checker, llodel H-16, was connected to
the "demod' output of the H-1ll} signal generator; and the course varia-
tions as indicated by the course checker vere recorded. The H-16 course
checter rras calibrated end adjusted in accordance +rath the instruction
manual each tame the bearing was checked, F-g. 1b shors the bearing
error i1ndicated by the course checler for those -eekly maxamum 2n¢ min-
irum variations as shoim in Fig. la.

Fir. 22 1ndacates the daily bearings fram the signal generator
for the period September 21 Lo November &. Fig. 2b shows the bearing
error indicated by the H-16 course checler for the same period.

POTCR-LIVE TRRQUE, CY-CTADLILIZATICI TESTw

The H-1ll, s1gn2l generator uwas connected to a variable-frequency
poirer supply, and the input-line frequency was varied from 58 to 62 cps
1n one-cps steps. A Collins 51H-2 receiver was used to indicate the
change 1n beariny due to the change an line frequency. For a comparison
of the change 1n bearing, a simlar test vas made by wvarying the line
frequency to a Collins 4795 audio gencrater. The conparative daba for
these tvo (enerators are sheown in Tic. 3. Previcus to this time, data
had Leen obtained to determine the elfiects on various types of receivers
rthen the line frequency to a tone vheel was varied belieen 58 and 62 cps.
The follomn; 15 a summary of the data taken at that time.

T/EID IT

ROCLIVOER BEARTUG =RLLOR CAUSLD BY
CIIANGE OF POTIE-LINE TT..CUDTCY TO IGHAL GENERATCR

LTTor
5C cps 59 cps 60 cps 6l cps 62 cps
Recevver Type (degrees) (degrees) (degrees) (degrees) (degrees)

Bendix IN-855A - 1.3 - 0.7 0 + 0.2 + 049
Collins 510-2 - 1.0 - 0.7 0 + 0.7 + 1.7
Colline 51R-1 - 0,bL - 0.2 0 + 0.2 + 0,8
“‘RC 157 ¥ 5.0 4 2.7 0 - L2 - 6.8
¥areo VTRl 4 1€ + 0.8 8! - 1.3 - 3.6

Table IT indicates that the anount of bearing error caused by
porrer-line frequency wvariation to the tone —heel 1s dependent upon the
iype of receiver used.

GENCHAL LTABILITY "TITH CHANGE OF TUIPERATURE
The signal generator mas placed in the temperature chamber rath

a room ambient humidity of approximately 6C per cent, and the temperature
as varied from =13 derrees C. to +50 deprees C. The change in bearing
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was measured with a Collins 51R-2 receiver and calibrated wath a Collins
4795 audio generator and a Boontan 2114 signal generator. The change in
tearing over the temperature range was 0.7 degrec as inaicated in Fig. b.

Ground Checls

The r-f output from the -1l sagnal generator was 22 mulliuatts
hen measured with 2 Sl-olm Bird Termaline load and a GR Model 1G600A
vacuum-tube voltmeter. The pover delivered to the antenna through 150
feet of RG-8/U irensimssion line was 11 mllawatts.

Ground checlis were made at several locations on Indianapolis 'Jeir
Coolc Arrport for the followang statiomst (1) Indianapolis VOR located at a
distance of 7.0 miles; (2) Talden VCR, a TDEC experimental station, located
at ¢ distance of 10,5 mles; and {3) ALC ilodel II-1l} signal generator fed
into a crossed-dipole antenna located on the airport. The heaght of the
crossed-dipole antenna was 4O feet above ground, and 1t was located at a
distance of 1,750 feet from the toake-off position on runway 36. £ Bendax
|N-85BA navigation receiver connected to the hatch antenna of the aarcraft
vas used during these tests. Dear.ng checks vere taken on all of the fore-
going stations tath tie aireraft located on the hangar ramn wiili encines
noet running. The next test ras made 1n the same location Lubt with the
en incs runmng at 1,L50 rpm. The plane was then taxied to tle take-off
posriion on rurmray 30, and bearings swrere talen on all stations with the
en.ines running at 1,070 rpn. The plane was then taxied to tade-ofl posi-
ticn on runvay 31, and bearings wvere taken mth enraines runnins at 1,470
rpr. The plane's headang was then changed 90 degrees, and bear.ngs from
all stations were observed.

Table ITT aindicates the field strength of ithe VOI and VOR stabions
when measured in an aircralt located at take-off position on runuay 36.

TABLE TIT

RELATTIVS FIEID STRENGTH OF SIGNALS RECEIVED
Ol THC GROUNWD AT 'IEIR COOX /IRPORT

Field Strength (Equavalent to
Boonton 2114 Through 6~db Pad)
Frequency Receiving rarcraft heading
Station ITn e Antenna Horth ilest South Last
(Imecro~ (ihcro- (imcro- (l.icro-
volts) wolts) wvolts) volts)

Indianapolis VOR 116.3 Tail 7.5 645 3.7 10.0
Indianapolas VOR 116.3 Hatech 8.8 7.5 9.2 12.0
Tiiden VOR 115.7 Tovnl e 642 3.1 9.2
T1lden VCR 11.5.7 Hatch 9.3 6.2 5.0 3.9
IRC H-1h VOT 112.0 Taxl 9.3 3.9 11,3 6.7
ARG H=1l; voT 112.0 Hatch 8l 6.2 5.9 7.3
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The results of these tests can be sumrmarized as follows: The
hear-ngs obtained at all of these locations rrere accurate to rmthin one
degrec, No trouble due to prop modulation uhen the engines were running
from 1,450 to 1,470 rpm ras experienced. ALircraft flying in the local
area yovld eoccasionally cause the course deviation indicator to oscillate
wvien tuned tc a VWOR station. "'hen tuned to the ormitest signal, vhe
fluctuation of the course devaation indicator was very nuch less.

FLIGHT TLSTS

The flight tests vere made under two specific conditaons: (1) 4
crossed~dipole antenna was rmounted on the laboratery roof (LO feet zbove
the r*'round) and the signal vas fed tlirourh 150 feet of RG-8/U transmission
llne to the antemma, and (0} the F-1L signal generator ras installed in an
netrunent panel truck and was oserated from a rotor-generator umt nounted
in the truck. The r-f sipnal was fed through ten feet of RG-8/U transmis-
sion line to a V-antenna mounted on the truck roof and about seven feet
above the ground. The relative fleld sirengths wvere measured vhile flying
at 1,000, 5,000, and 10,000 feet altitude and using the teal V-antemna on
the waircraft.

Fig. 5 indicates that a2 relative field strength of trro microvolts
may be abtained at distances of 16 mules at 1,000 feet altalude, 3% miles
at 5,000 feet altitude, and 50 miles ot 10,000 feet altatude hen using
the crossea-dipole antenna mounted LO feet above ground.

Figs 6 1ndicates the distance range of the VOT s1-mal shen using
a V-antenna mounted seven feet above the ground. A relative [1eld strength
of two microvolts was obtained at distances of 8 miles at 1,000 feet, 13
rmles at 5,000 feet, end 20 rmales at 1C,000 feet.

A1l mecrovoll reacings are referred to the Soonton 2114 signal-
crererator attenuator and reoresent relative field strength al the antenna
for perfect mateching condilions. The signal levels a¢ the receiver would
then ve onc-hzlf of the values -iven 1in Figs. § 2nd 6.

IDENTITICATICON OF VOT SICKNAL

It as believed desirable to have some kznd of nodulataion on tne
test sipnal to aid in tuning the signal -then using a tunable receaver such
as vie EC and Narco types. A 1,0600-cos oscillator heyed at 2 rate of
ayoroximately 5 cps by a neon-1l+mp relaxation oscillator vas built and
instelled 1nside of the generator case. The pouer Lo operate this circuit
was taken from the signal renerator, and its output was fed to the exbernal
modulation termnals of the generator. This oscillator-leyer was operated
continuously since May 1 and 1s satisfactory =t temperatures between ~13
de-rees C. and +50 degrees G, A schemetic of this circult i1s shom in
Figa 7o
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CCNCLUSICNS

1. The component parts (tubes, capacitors, resistors, etc.) are
operated at or belov their normnal ratings. This insures long life, as
incicated oy amprexdmately 5,000 hours of operation to date -rath no
replacement of parts excepnt tro tubes and vath no radical change an
indicated bearing.

2. The signal generator 11ll maintain an accuracy of plus or minus
0.5 degree over long periods of time 'nthout maintenance or adjustment.

3. The change in bearing from the generator due to veriations in the
pover-line frequency s comparable to the Collins L79S or “Tedd audio-signal
generators.

L. Use of this equipment for ground-receiver checks prior to take-
off provaides accuracy checits vithin one degree, and fluctuation of the
course devaation 1ndicator caused by flying =ircraft 1s very much less
than uhen using a VO, for checling vhe receiver. The service range at
1,000 feet 2ltitude 15 8 miles 1/hen the antenna 15 7 feet above ground
and 16 mles vhen mounted LO feet above ground.
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