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The Offlce of Federal A~rcrays requested the TechnIcal Develop- 
ment and Eveluat~on Center to evaluate the Axcraft Radio CorporatlonIs 
Ty>e h-l& signal generator and Type 11-16 standard-course checker to 
aeternine their suitablllty as a loT-cost omnltest and nomtor faclllty. 
Tins evaluation was to cover the accuracy, stablllty, paler output, and 
reliablllty of the equipment over a perxd of several months’ operation. 
Thx report gxves the results of tests conducted over a pemod of eight 
mollths. 

The Typ H-14 sl,ylal generator is a test set used for testmg 
and adJustlng airborne ViIF navlgattlonal recelvmg equipment and IS manu- 
factured by the Aircraft Radio Corporation, Eoonton, N. J. The Ii-14 
signal generator tested eras a standard model and rras transauttmg a slg- 
nal of 0 degrees FRO11 bearmg at a frequency of 112.0 MC. The T:qe H-16 
standard-course checker 1s used for checkang the O-degree and 180-degree 
bearmgs from the signal generatar. 

The spectiic tests conducted at TD%C on the ARC Tyne H-lh signal 
generator are described an this report. 

BENC!< TEZTS OF ELIXEXCAL COIPOFE?TS 

The clrcult analysis lndxated that there were several components 
(resistors and capacitors) that rrould @ve an erroneous beamg If their 
optlrnun value were changed b:r plus or minus 10 per cent. In order to 
deternune these cnticsl cm,poncnts, each resistor and capacitor was 
paralleled xLth a hl;e component of such value that It rrould change the 
resistance or capaaty of Its circuit by 10 per cent. 

A change of 10 cer cent of the optvrmm value of the follcwlng 
components caused a uearlng change as listed m the follorrlng. During 
this test, the course-selector switch was set at 180 degrees TO. 

Only those components that are used when the signal generator 
1s operated as a very-high-frequency omnitest facility (POT) on 180- 
degree TO bear-sng l,ere checked. Those components used during tone and 
lrmallzer operation and for all other bearings were not checked dunng 
this test. 
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TABLE I 

10 PER CZNT CMGE O? COiPOmTT XOlDI& W:LuL VS. BLAKPIG C!YDGE 

Component Value Bearmg Change (degrees) 

Eesx3tar R-13h 1GOK (ohms) 0.3 
R-i35 100X 0.3 
X-138 1OOIC 0.3 
R43 2CL 0.4 
s-145 15X 0.5 
R-157 100x 0.4 

Capacitor C-11.5 C.0043 (rmcrofarads) 0.4 
c-110.1 or c 0.25 0.4 
c-m 0.0043 0.3 
C-123A or 0 0.25 4.5 
C-127 0.5 0.5 

ZFNICEf~ILITY ANI STADILITII 

The orlymal TType X-lb signal generator was placed In operation 
on Larch 27, 1953, and uas later replaced r.nth an improved unit supplied 
by &e Awcrnft Radio Corporation on Ap11i is, 1953. Thas later mwJe1 
(5er‘lal No. 369) rras In continuous operation until September 7, 1953, lrhen 
It xas shut off for laboratory tests. After the laboratory tests Caere 
completed, the equqoment y+as agaIn oFrated as a VW ald. 

The stabxilty tests were conducted as follow: The sIgna gen- 
elator Tias set un and tuned to 112.0 Hc and transrmtted a sIgna of 180 
decrees TO (0 degree FRRoil) from a crossed-dipole antenna mounted on tne 
laboratory roof. Jlcasurements of the bearing irere taken dally usm; a 
V-=antenna and a Collans SIR-2 navigation receiver. After trlkmg the 
bearLngs, the receiver iras wmedlately calibrated rnth a Co&ns h79S 
audio generator and a Doonton 21W sl~nal generator. The improved H-lb 
~1~~31 generator was cahbrated and adjusted Then fxst anstalled nn 
llpr,l 15, and no further adjustments xere made until It TTas shut dorm 
for the bench tests on September 7. During the bench tests, all of the 
tubes lrere checked and none '-we found m need of replacement. It -ras 
found necessary to replace tubes VlOb (30-cps ampllfler) and ~I14 (r-f 
outyt) on November 16 because of lorl tube emxaslon. 

Fk. la graphxolly portrays the stab~l~tyjr by Lnriicatmy: the 
rnnxnum and maXLTnum vamataoz of the transmlited bearings for the wee!cs 
stsrtl~ on the lndxated dates. The broken lvle (dram rmd,way bstueen 
the weekly rnmm and manmum points) does not lncllcate the dally measure- 
ments but only th- trend 01 the weekly vsrlatlons.' 



3 

The tic standard-course checker, Iicdel H-16, was connected to 
the l'demcd output of the H-lb sl~nal generator; and the course varia- 
tlons as mdxated by the course checker rrere recorded. The X-16 COUTSC? 
chec'rer 'was calibrated pnd adJusted in accordance yrlth the xxtructlon 
manual each tlma the beanng was checked. kg. lb shous the bearing 
error u-&cated by the course checker for those weekly maxvnum znd rmn- 
mm vanatlons as sholm in Fig. la. 

F~s. 2a u-&c&es the daly bearings frwn the sIgna generator 
for the penod September 21 to Novetier 6. Fig. 2b shows he beanng 
error malcaLed by the H-16 course checker for the same period. 

The H-a signal generator uas connected to a vanable-frequency 
poirer supply, and the mput-lue freqllenmJ was vsned from 58 to 62 cps 
m one-cps steps. A Colluls SIB-2 receiver :~as used to yldlcate the 
change ln bearing due to the change m lme frequency. For a comparison 
of the change 111 bearmg, a slmmlar test 7x1s made by varmt the line 
frequency to a Collins k79S audio generator. The collparatlve data for 
these tr,o Lenerators are shwn 111 rl:. 3. Previous to this time, data 
had been obtjsned to determIne the effects on vanox types of receivers 
Tillen the line frequency to a tone &eel rras vaned betireen 55 and 62 cps. 
The folloTimL 1s a ,snmmary of the data taken at that tue. 

Error 

Eecelver Type 

Bendix IiN-B.5EJ - 1.3 - 0.7 0 t 0.2 
Collins 5x-2 - 1.0 - 0.7 0 + 0.7 
Collms 9x-l - o.li - 0.2 0 + 0.2 
Q?c 151. 4 5.0 + 2.7 0 - L.2 
Narco VIRl f i.? + 0.8 0 - 1.3 

Table II uxb.cates that the anount of beanng error 
pouer-line frequency vanatlon to the tone +eel 1s dependent 
type of receiver used. 

t 0.9 
+ 1.7 
+ 0.8 
- 6.8 
- 3.6 

caused by 
upon the 

The signal generator uas placed m the temperature chamber ulth 
a room amblent hurmdlty of approximately 60 per cent, and the temperature 
xu vaned from -13 degrees C. to +5'0 decrees C. The change 111 beanng 



4 

was measured ialth a Collins 5111-2 racelver and calibrated Tnth a Collins 
lr79s audio generator and a Boo&m 21lA sIpa generator. The change m 
bearulg over the temperature range was 0.7 degree as molcated In Fig. 4. 

Ground Chec& - 

The r-f output from the 11-a signal generator :~as 22 tiullxratts 
linen measured ulth a 51-ohn Bird Termalme load and a GR Node1 16OOA 
vacuum-tube voltmeter. The poner delivered to the antenna through 150 
feet of RG-8/U transmlsslon lma was 11 rullwatts. 

Ground checks were made at several locations on Indlanapolls 'Jeer 
Cook AIrport for the follorrmg ststlonsr (1) Indianapolis VOR located at a 
dxtance of 7.0 mLLes; (2) Tllden VOFL, a TDEC experlmentsl station, located 
at ; &stance of 10.5 rmles; and (3) AX IIodel II-IL signal generator fed 
into a crossed-&pole antenna located on the awport. The hel&ht of t!E 
crossed-dipole antenna uas 40 feet above ground, and It was located at a 
dztance of h,750 feet from the take-off posltlon on runway 36. A Ben&x 
lN-%BA navlgatlon receiver connected to the hatch antenna of the aIrcraft 
rras used during these tests. Bear-n& checks Trerc taken on ali of the fore- 
going statlons r,lth the aircraft located on the hangar ramp lnth en:,ones 
not running. The next test rlas made In the same locatIon but rrlth the 
en lncs runnm~ at 1,450 rpm. The plane was then tayaed to tk.e take-off 
posltlon on runrray 36, and bearings xJere taken on all statlons 111th the 
enones runxng at l,b70 rpn. The plane rras then ta.aed to take-of1 posl- 
tlon on runrray 31, and bearings were taken 13th en:,lnes runrnnS at 1,470 
i-pm. The planets hea&ng was then changed 90 degrees, and bearings from 
all stations were ohserved. 

Table III mdxates the field strength of ihe VOT and VOR stations 
TJhen measured ~1 an aorcraft located at take-off posltlon on runrray 36. 

station 

TABLE III 

PEILTIVE FIELD STBENGTB OF 

IndLanapolls VOR 116.3 
Indxanauolls VOR 
Tllden VOR 

116.3 
115.7 

Tllden VCR 115.7 
ARC II-l4 WT 112.0 
ARC H-lh Vi%? 112.0 

Frequency Recelvmg 
In TIC Antenna 

Tall 
Hatch 
TX1 
Hatch 
Tall 
Hatch 

SIGNALS EECEIKD 
CCD;! IXPOPT 

Field Strength (Equivalent to 
Eoonton 21lA Through 6-db Pad) 

i.lrcraft headmg 
North IJest South East - - 

(lilcro- (ihcro- (iilcro- (I,lK 
volts) volts) volts) volts) 
7.5 6.5 3.7 10.0 
0.8 3.2 12.0 
4.0 

tz 

612 

22' 
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The results of these tests can be sunwarized as followsr The 
bearngs obtained at all of these locatIons ~iere accurate to Tnthln one 
degree. No trouble due to pro,> modulation uhen the engnes were running 
from 1,450 to l,lr7C rpm rras experienced. ix-craft flyuq in the local 
area rrollld occasionally cause the course devlatlon indicator to oscillate 
rhen tuned to a VCR station, ':hen tuned to the owtest ~1~1, Lhe 
fluctuatwn 6f the course devl_atlon u&cator was very much less. 

FLIGHT TESTS 

The flight tests rrere made under two specific condltlons: (1) A 
crossed-dipole antenna was mounted on the laboratory roof (ho feet above 
the ground) and the signal uas fed tllrou:h 150 feet of F&8/U transrms=on 
lme to the antenna, and (2) the >-IL SLQXJ generator bias mstalled ln an 
instrument IJane truck aqd rlac o>ersted from a Ilotor-generator uut mounted 
In the truck. The r-f signal was fed through ten feet of KG-a/U translius- 
slon lllne to a V-antenna mounted on the truck roof and about seven feet 
above the ground. The relative field strengths were measured rr:xle fblllg 
at l,OCO, 5,000, and lO,llCr feet altitude and usln& the tall V--antenna on 
the ducraft. 

fig. 5 lnticates that a relative field strength of ~-TO rmcrovolts 
my be obtained at distances of 16 ml-les at 1,ooO feet altitude, 35 miles 
at s,CCO feet altitude, and 50 iules 2t 10,CfOG feet altitude hen usuxg 
the crosses-dipole antenna mow&cd LO feet above ground. 

Flp. 6 lndlcates the &stance range of the VOT slnaliihen using 
a V-antenna mounted seven feet above the ground. A relative ileld strength 
of trro rmcrovolts rras obtavled at distances of 6 mles at 1,000 feet, 13 
r>lles at 5,KO feet, 2nd 20 miles at lC,OoG feet. 

All mxrovolt reacLngs are referred to the Soonton 21lA sib;?al- 
zererator attenuator and relxresent relative fxeld strength at the antenna 
for ptrfect matchug condltlons. The signal levels aG the receiver 1roul.d 
then ue one-half of the values :Iven In Figs. 5 and 6. 

It 'ras believed desl?able to have some kvld of llodulatxon on tne 
test slLna1 to ald In tunln& the slyal ~rhen usln~ a txnable receiver such 
as de RC and Narco types. A "t,6oC-c~s osclilator keyed at a rate of 
a,x-oxmately 5 cys by a neon-l-.ap relaxattlon oscllistor uas bulit and 
installed lnslde of the generator case. The pouer to operate thu clrcult 
was taken fron the sxgnal generator, and Its outTut was Jed to the e%ternal 
mcduiatlon teruals of the generator. This oscillator-keyer \ras operated 
contuuously since I4ay 1 and 1s satufactoq :t teqxratures between -13 
degrees C. and +sO degrees C. A schematx of this circuit 1s shown ~TL 
F1g. 7. 
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1. The component patis (tubes, capacitors, resistors, etc.) are 
operated at or belorr their normnal ratxgs. T~YLS usures lon& life, as 
uxlcated oy anprozlmately s,oOO hours of operation to date 771th no 
replacement of parts except tryo tubes and lnth no radical change m 
indicated beam&. 

2. The signal ge,lerator rnll nalntaln an accuracy of plus or ml~lus 
0.5 degree over long per-Lads of tune Tnthoutmaintenance or SdJUStment. 

3. The change 1n bearrng from ihe generator due to vsrlatlons 1~1 the 
porrer-lme frequency IS comparable to the Collins &79S or‘redd audio-sIgna 
generators. 

4. Use of this equpment for ground-receiver checks prior to take- 
off provides accuracy checks wlthln one degee, and fluctuatun of the 
course devlatlon lndxator caused by flymg arcraft IS very much less 
than uhen using a VCFL for checking bile rccelver. The service range at 
1,000 feet altitude 1s 8 miles ~:hen the antenna 1s 7 feet above ground 
and 16 rmles uhen mcmnted LO feet above ground. 
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[B) BEARING AS INDICATED BY ARC MODEL H-16 STANDARD-COURSE CHECKER 

C’G WEEKLY MINIMUM AYD lvlAXlM’-Jkl BEARING SHIFT 
SF L’GNAL FSOM VOCEL P-14 SIGNAL CEYERATOR 



0 
G 
i r 3955 
t: 
e 

: 
rr 
: 
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(El BEARING AS INDICATED BY ARC MODEL H-16 STANDARD-COURSE CHECKER 

FIG 2 DAILY BEARING OF SIGNAL FROM MODEL H-14 SIGNAL GENERATOR 



ARC H-14 SIGNAL GENERATOR 

--- COLLINS 479s AUDIO GENERATOR 

BEARING SHIFT MEASURED WITH COLLINS 
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POWER LINE FREOUENCY ICPS) 

FIG.3 COMPARISON OF BEARING SHIFT VERSUS 
POWER LINE FREQUENCY 
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FIG 5 RELATIVC FIELD STRENGTH VERSUS DISTANCE 
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FIG 7 SCHEMATIC DliCRAM OF OSC’LLATOR KEYER USED F3R IDENTIFICATION 
IN H- I4 SIGNAL-GENERATOR TESTS 


