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PREFACE 

Th,s p r o J e c t was mlt,ated to develop 
me t h o d s of ut,l,zmg VHF radm equrpment 
m light aIrcraft Successful performance 
of aucraft radm apparatus m the navlgatmn- 
commun~catmn band from 108 to 123 mega- 
cycles requires the use of new alrcraft equip- 
ment design, mstallatmn, mamtenance and 
operatmg technques The equpment desLgn 
problems are the pr,mary concern of the en- 
gmeerwho must solve them prmr to the man- 
ufacture of the apparatus The alrborne VHF 
navlgat~on-communlcatlon receiver and VHF 
transmlttec present the awplane manufacturer, 
the repa~r statmn, the owner and the pIlot 
of the awplane with new equipment ut,l,za- 
tmn technques The a I r c r aft mstallatron 
problems, whxh occur in new aIrcraft and 
mtrans~tmnfromlow frequency to VHF radm 
appararus in aIrcraft now flymg, are the ma- 
Jar conslderatmn of thts report Good VHF 
radm e q u up m e n t combmed wLth good VHF 
radm mstallatmns ~111 permtt axcraft oper- 
atmg at 1, 000 feet or hqher to recerve re- 
liable nawgatmn and commun,catmn s,gnals 

from the v,sual omn~d~rectmn.4 rad,o range 
statmns now bemg Installed by the Federal 
AXWayS A suffxlent number of these VOR 
statIons ~111 be mstalled to provtde contmu- 
ous VHF slgnalcoverage to aircraft operatmg 
anywhere wlthm the country The VHF a,=- 
craft radm flight standards used for the pur- 
pas es of evaluatmg this r e p o I+ t establish a 
gauge wh,ch may be used by the p&t and by 
technLca1 personnel After the fmal rmple- 
mentat,on of the omnlrange g r o u n d statmn 
program. a,rcraftVHF mstallatmns comply- 
mg w,th these m~n,mum flqht standards ~~11 
be capable of recelvmg contmuous navlgatmn 
and communxatmn signals for all geographx 
posltmns of aircraft flymg above 1, 000 feet 

In order to best serve the Interests of 
the 1,ght plane owner an economical answer 
to these problems was sought Accordmgly. 
Electronics Research, Inc of Evansville, 
Indmna. was g,ven the task of carrying out 
th,s proJectunder the sponsorshLp of the C~vtl 
Aeronaut,cs Admmlstratmn and the,= f ,nal 
report comprises most of thw publxatmn 
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THE DEVELOPMENT OF TECHNIQUES FOR THE UTILIZATION 
OF VHF RADIO IN LIGHT AIRCRAFT 

INTRODUCTION 

This report 1s a descrlptmn of the work 
done by Electronics Research, Inc m ful- 
flllmg Contract Cl3ca-235 of March 4, 1949, 
w 1 t h the C~v,l Aeronautics Admmlstratmn 
The contract called for the development of 
techniques to s,mpllfy the utlllzatmn of VHF 
radw equipment m light arrcraft 

The work program was outlmed m th? 
contract as follows 

STAGE I 
The Contractor shall modify or other- 

w,se extend the range of an acceptable type of 
low frequency f,eld strength and no,se meter 
to make accurate measurements of nOlse m 
the 108-126 Mc band This equipment also 
shall be modrfwd to permit normal operatmn 
with a 12 or 24 Y filament supply and mQtor 
generator. vtbrator or dry cell plate supply 

An audio frequency noise meter also 
shall be modtfred for operatmn from the above 
power supplxs 

STAGE II 
A study pertammg to the placement of 

readily available types of VHF antennas on 
eachofthree aIrcraft shall be made to deter- 
mme the best locatmn of these antennas for 
nolse reductmn, omnldlrectmnal pattern and 
overalleff~ctency Propeller modulatron also 
shall be studled many trial mstallatmns where 
this effect 1s likely to manifest itself Loca- 
tmns such as fm top, fuselage, wmg, etc 
shall be stud,ed Satisfactory routmg of an- 
tennacoax~allead-mand structural problems 
concernmg antennas also shall be considered 
Recommend&mm shallbe made as to type of 
cables to be used as well as their lengths 

STAGE 111 
(a) All conven,ent Iocatrons for the VHF 

recetver wlthm the t h r e e aucraft shall be 
studled to determme the best locatmns with 
respect to nO,se reductmn Varrous routes 
for the receiver power control and output leads 
shall be s t ud le d to determme good or bad 
paths with regard to nowe pickup 

(b) Measurements shall be made at each 

locatmn to determme alternate satisfactory 
locatmns m addltmn to the optimum locatmn 

STAGE IV 
A mock-up of a typxal light aircraft 

electrIca systemshall be made This mock- 
up shall cons 1s t of a device to simulate a 
four or six cylmder opposed-type engme and 
a metal frame to hold those parts of the system 
notmounted on the engme The mock-up en- 
gme shall be provtded with spark plug re- 
ceptacles, power take-offs for magnetos, etc , 
and shall be constructed so that a mmunun 
of time ~111 be required to substitute mag- 
netos, generators, etc for test purposes 

STAGE V 
A complete study of unshielded Ignltmn 

systems shall be made, and techniques in bond- 
mg shall be studled with the Ylew to reducmg 
no,se m nnshlelded tgn~tmn systems 

(a) A study of each electrxally operated 
part mthe aircraft and its contrtbutmn to the 
total nO,se shall be evaluated 

(b) Benchtests and mock-up of the entlre 
electrlcalsystemof the aIrcraft and appllca- 
tlon tests andsystemevaluatmn tests ,n flight 
shall be made to determme whether a satis- 
factory mstallatmn can be made wrth an nn- 
shIelded lgnltmn system 

(cJ A study of shlelded lgnltlon systems 
shall be made on the three engmes, and the 
reductmn of nolse between the shielded and 
unshxelded Ign~tmn systems shall be evaluated 
and mformatlon submitted to the Clvll Aero- 
nautlcs Admm~stratron 

(d) A systemof shleldmg for each Ignltmn 
system on each engme shall be designed for 
each aucraft 

STAGE VI 
Flight tests shall be made m light air- 

craft utlllzmg three types of engmes to deter- 
mme the results obtarned by the Contractor, 
and the followmg mformatmn shall be sub- 
mltted 

(a) The sIgnal-to-noise r at I o measured 
I* all test aIrcraft 

(b) The overall performance of the VHF 
equipment and the a 1 r c r aft antenna Per- 
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formance ~111 be tabulated ,n the 108 to 126 
MC band, at a range of 45 m&s and 1, 000 
feet alt,t”de 

STAGE VII 
A “VHF Radio Installatmn” ,nstr”ct,on 

manual shall be wrItten contamu-,g u-siruc- 
tmns for the mstallatwn of VHF radio equtp- 
ment and the appl1catvc.n of nawz-reducmg 
techniques to ltght aLrcraft 

STAGE VIII 
The Contractor shall apply the tech- 

nlques developed to the followmg types of air- 
craft Temco, Luscombe, Ercoupe. Cessna. 
Bellanca. Beech, Navmn, P,per Cru,ser, and 
Stuxon Installatux,s shall be ln accordance 
with the VHF rnstallatmn mstructmn manual 
These mstallatmns shall be used to demon- 
strate the overall value of the developed meth- 
ods in the mstallatlon of VHF m these types 
of arcraft. and to check the mstructmn man- 
ual for errors and defw,enc,es 

SUMMARY 

Two types of VHF Norse mtenslty me- 
ters were constructed by modLfy,ng standard 
equipment The first was made by addmg a 
VHF converter and metermg c,rc”,ts to a Fed- 
eral Model 1OlB Field Intenstty Meter The 
second was obtamed by usmg an a”d,o fre- 
quencynowe voltmeter with a NARCO VRA-1 
VHFAxcraftRecetver and associated eq”,p- 
ment These mstruments were used u, later 
experimental work A full-scale mock-up of 
a typ1ca1 small aircraft Lgnltlon system was 
constructed for “se ,n VHF no,se studies 

Scale model antenna studies and flLght 
tests were made to determme the best loca- 
tmn for the VHF recelvmg antenna on smail 
atrcraft It was found that the best locatIon 
for v-type antennas on most airplanes, from 
a pattern standpomt, was over the forward 
part of the cabm 

Ignltron-no,se studies were made, “smg 
the mock-up and actual aIrcraft, resultmg ,n 
the followmg conclus,ons 

(1) Themamcause ofVHF Interference on 
lrght atrcraft 1s arcmg at the spark plugs and 
subsequent radlatmnbythehlgh-tenston leads 
connectedthereto Other contrtbutmns to the 
VHF noise level may be made by the battery 
chargmg generator and by other electrIca 
devices 

(2) The locatum of the VHF receiver and 
the length of the antenna transmlsamn lme 1s 
not crItIca m small aircraft If the atrcraft 
antenna 1s deslgned to be properly term,nated 
by the lme and rece,ver 

(3) The “se of r e s L s tan c e spark plugs 
wlthout shwldedharness prowdes an econom- 
1calmeans of 1gnltlon-nolse suppressmn sat- 
,sfactory VHF comm”nlcat,on and nav,gat,on 
signals canbe received at dstances of 45 m&s 
when the aIrcraft 1s 1,OOOfeet above the ground 
If the VHF receiver contams properlydestgned 
notse llmltlng c,rcu,ts 

(4) Most complete VHF noise suppressmn 
1s obtalned wlthaproperlyma,nta,ned 
shwlded ,gmt,on system 

A manual of equtpment mstallatmn ,n- 
structmns entltled, “VHF Ommrange Rad,o 
Installatmn and Noise Reductmn Techmques” 
IS given ln Appendix I 

STAGE I 

INSTRUMENTATION 

Stage I of the work program mcluded 
the mod,f ~cat,on of a low-frequency freld 
strength meter for no,se rntenslty measure- 
ments m the range 108-126 MC to operate on 
12 Y dc power supply, and the constructmn of 
an audm no,se meter 

Fxst a Federal Model IOlB FLeld In- 
tensityMeterwas alteredtofunctmnas a VHF 
no,.se meter Later amore useful mstrument 
was developed by modlfyrng a NARGO VRA-1 
VHFA,rcraftRece,ver for use w,th the audm 
no,se meter A descrlptmn of both modtfled 
equipments follows 

ModlfLcatmn of Federal 
Field Intensity Meter 

The Federal 1OlB Field Intensity Meter 
selectedformod,flcatmn cons,sts essentially 
of a radm receiver whose sens,tw,ty can be 
caltbrated by means of an mtegral signal gen- 
erator Plug-m loop antennas are available 
for the frequency ranges 200-400, 550-1600, 
1600-3600 and 3600-7000 kc 

The followmg changes were made m 
thw Instrument to adapt Lt for “se ,n makmg 
no,se mntensltymeasurements mthe frequency 
range 108-126 MC See Ftgs 1. 2 and 3 

1 An external VHF converter for the loop 
antenna socket of the field mtensltv meter 



3 

FLg 1 Federal IOlB Field Intensity Meter After Modlficatlon 
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Fig 2 Federal lOlB Field IntensLty Meter After ModlflcatLon 
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was constructed This converter uses a pair 
of 6J4 tubes m a push-pull grounded-grid 
Input c,rcult to provide a gaod termmatmn 
for a loo-ohm balanced transmlsslon Ime 
These 6J4’s feeda 6Jbfxstm1xer stagehavmg 
an mtermedtate frequency output of 30 Mc 
A 6C4 LS used as local oscillator for the fmst 
mtxer A stage of 30 MC mtermedlate fre- 
quency ampllflcatmn usmg a 6AK5 tube, and 
6BE6 second mixer-oscillator with an Inter- 
medLate frequency output of 3 5 Mc for the 
field mtenslty meter are provtded 

2 The power supply ln the fteld mtenslty 
meter was replaced by a Mallory Type VP-G 
556 Vtbrapack to p e r m I t operatmn from a 
12-v aircraft battery 

3 A vacuum-tube voltmeter welghmg ctr- 
cultwas Incorporated m the basic field Inten- 
sztymeter wlthprovlswn for swltchmg It Into 
thz output of the de t e c to r to measure peak 
noise Voltmeter time constants of 10 mllll- 
seconds on charge and 600 mlllxzeconds On 
discharge were provtded 

4 Filament and plate voltage regulatmg 
rheostats were added A connector was m- 
stalled to provide plate and filament voltage 
to the external VHF converter 

5 Three fmed plug-m mput attenuator 
pads were constructed to msure lmear opera- 
tmnwlthhlgh radlo frequency Input voltages 
A balun for unbalanced Input transmtsslon 
lmes and a current probe to atd In the loca- 
tmn of n0lse sIgna sources were also pro- 
vlded SchematIc dw.grams of these acces- 
sorles are mcluded In Fig 3 

The modlfled equtpment, hereafter re- 
ferred to as the ERI-Federal VHF noise meter, 
has better than one microvolt sensltlvlty m 
the range 108-126 MC, sensltlwty bemg de- 
fmed as the unmodulated radx frequency Input 
required to double the meter deflectmn due 
to resldualnolse Image responses are down 
approxunately 35 db The bandwtdth IS less 
than 10 kc, lrmltmg the usefulness of the ux- 
strument m the VHF regmn 

Modlflcatwn of NARCO VHF Receiver 

Little dtfflculty was evperwnced m 
modlfymg a NAR C 0 (Nattonal Aeronautical 
Corporation) Model VRA-1 VHF Receiver to 
function as aVHF noise mtensltymeter How- 
ever, It was found that satisfactory results 
could not be obtauved by simply connectmg an 
audio notse voltmeter across the rece,veT audm 

output, mamly because of the nO,se llmltmg 
and avc ctrcults Other modlftcatmns were 
mvestlgated and the systemwhIch proved sat- 
xsfactary Involved usmg an audro noIs= volt- 
meter at the omnloutput Jack of the NARCO 
Receiver The receiver avc clrcult was dls- 
abled by shorting condenser C33. Fig 4 
This method requtred the constructmn of an 
external audio noise meter Two types of 
audm noise meters were built and are de- 
scribed herem 

Audm Noise Meters 

Any high-Impedance au d I o frequency 
voltmeter havmg the proper dampmg and fre- 
quency characterlstlcs 1s satlsfactoryfor em- 
ployment w,th the NARCO Recetver as outlmed 
prevmusly The meter dampmg required m 
a study of aircraft lgnltlon nnlse 1s related to 
the speed of the aircraft engme Involved, the 
noise conslstlng essentially of sharp pulses 
produced by the magneto Suitable dampmg 
constants are a 10 mllllsecond rise and 600 
mtlllsecond de c a y t L m e for the mdlcatmg 
meter 

The fxst type 3f audio frequency nurse 
meter constructed employed awelghmg clrcult 
having the aforesatd time constants, and was 
deslgned for use with an external vacuum- 
tube voltmeter such as the RCA Voltohmyst 
See Figs 5Aand 6 In this clrcult the charge 
time IS determmed by Rl and C2 and the dts- 
charge time byR2 and C2 The condenser C 1 
1s necessarytoblockthe dc voltage appearmg 
at the OnmlJack of the NARCO Receiver The 
dmde Dl serves as a dc restorer mamtammg 
negat*ve voltage pulses The serves dmde 
D2 1s used to permit chargmg of condenser 
C2 through the low Impedance path Rl, and 
tomamtamthe high resistance discharge clr- 
cult for this condenser 

The second audm frequency notse meter 
constructed consxted ofthe welghrng clrcults 
Just described and a battery-operated vacuum- 
tube voltmeter contamed ma smgle case Out- 
put termmals were provided for an external 
100 mIcroampere meter, such as 1s avadable 
m the Simpson Type 260 MultImeter, to be 
used as an lndrcator See Figs 5B and 6 A 
two posItIon switch. Sl, provtdes full-scale 
sensltlvttles of 2 5 and 10 Y 

Performance Tests 
Lmearltyandfrequency-response tests 



Fq 3 VHF Converter for Federal F,eld lntens,ty Meter 



F,g 4 NARCO VRA-1 Receiver 



were made on the vacuum-tube aud,o fre- 
quency n~lse meter Just descrtbed. usnq a 
Hewlett-PackardModel2OODAu.dmOsc~llator 
and a Measurements Corp Model 62 ac Volt- 
meter These tests conformed that the ,n- 
strument was lmear over the range of the 100 
m~roampere outputmeter employed (Sumpson 
Model 260) The frequency response was flat 
from 500 to over 10,000 cps and was about 
3 db down at 45 cps 

An overall lmearlty check was made on 
the NARCO Receiver and vacuum-tube I,DLS~ 
meter, usmg a Measurements Corp Model 
80 Sqnal Generator as a standard stgnal 
source Informatmn was o b t a I n e d for the 
curve Fq 7 

STAGE II 

ANTENNA LOCATION.STUDY 

Stage 11 of the work program called for 
a placement study of readily available types 

of VHF antennas on three aircraft to deter- 
mane the best locatmns for Norse reductmn, 
radlatwnpattern and overall effx,ency The 
effects of propeller modulatmn were constdered 
1~1 those antenna 1 o c at , o n s which appeared 
vulnerable to thw effect Lead-m problems 
were also studied 

An extensive scale-model antenna- 
p at t e r n study was made of the CAA Type 
V-109 antenna on the Piper Cruder Tins 
was followed by flight tests uwolvq a num- 
ber of antenna rnstallatmns on the followng 
four types of aucraft P,per Cruser stm- 
son Voyager. Ryan Navmn and Beechcraft 
BOnanZ.3 

PIPER CRUISER MODEL STUDY 

It 1s well knowr, that ,t 1s dlffxult to 
make accurate antenna-patternmeaslrementts 
onactuala~rcraft. but that acceptable results 
can be ob talned in stuclwn mvolvmg scale 



Fig b Audio Noise Meters 

models ofthe alrcraft andproportmnal scaling 
of the wavelengths assoclatedwwththe antennas 
Involved Inorder that the most advantageous 
locatmn for the CAA V-109 antenna on the 
Plper Cruwer awcraft might be ascertamed. 
a l/12 sue scale model of the arcraft and 
antenna was made A model of thus size was 
sutable for ue.e on the model range of Elec- 
tromcs Research, Inc smce the pattern 
measurements could be made at 12 tunes the 
normal operatmg frequency of 118 MC or 
approxnnately 1.420 MC See Fvg 8 Thts 

model technique made It relatively easy to 
check the performance of a large number of 
antenna arrangements (Fig 9) on the PIper 
Crutser 

The aircraft scale model antenna meas- 
urmg range employs sultable receivers and 
transmitters for the frequencies used The 
model bemg tested 1s mounted on an msulated 
pedestal and rotated m the desired plane by 
means of an electrIca and mechanical system 
The model arcraft and antenna under study 
1s rotated through 360” planes around three 



Fig 7 ERI-NARCO VHF Noxe Meter Lmearlty Curve 

axes m a unrformly lllummated radm fre- 
quencyfleld at the scale wavelength to obtam 
the spherical performance of the antenna 
Automatic recordmg of the scale model an- 
tenna signals contmuously plots the received 
antenna voltage throughout the rotatmn m each 
plane The plane and axis termmology used 
m makmg polar antenna patterns 1s given m 
Fig 10 On antenna patterns, the word 
‘~cross~~ used to descrtbe polaruatmn of an- 
tennas mdlcates that the polarlzatron of the 
transmlttmg antenna 1s vertuzal with respect 
to the hortzontal recelvmg antenna This IS 
ameasureofthe alrcraft antenna response to 
cross-polarxaed stgnals 

In exammmg the antenna patterns shown 
m this report. it 1s well to keep m mmd the 
characterlsttcs de s I r e d m a VHF aIrcraft 
antenna The pattern m the horizontal plane 
(Plane 1. Fig 10) should be free from deep 
nulls, and the s 1 g n a 1 plckup m the forward 
and rearward dIrectIons should be com- 
paratlvely uniform and of a high level ThP 

stgnal pattern m the vertvzal planes (Planes 
2 and 3. Fig 10) should be free from deep 
nulls for at least 15’belw.v the hormontal The 
antenna response to cross-polarlaed signals 
should be at a rnmunum 

CAA V-109 Antenna 
The ftrst pattern tests made were on a 

full-scale model of the CAA Type V-109 an- 
tenna at 115 MC These tests were made to 
determIne the free-space characterrstuzs of 
thx conventmnal type of antenna 

Fe 11 showmg the patterns obtamed 
on the V-109 antenna confIrms that It has 
acceptable characterlstlcs Pattern 1 for the 
hormontal plane (Plane 1, Fig 10) shows 
that the response 1s concentrated fore and aft 
as destred Pattern 1B for the fore-and-aft 
vertxal plane (Plane 2. Fig 10) shows the 
desmedfreedomfromdownwardnulls, butthat 
about half of the antenna pIckup 1s duected 
uselessly m an upward dIrectIon Pattern 1D 
for the vertwal plane athwartshIp (Plane 3, 
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Ftg 8 Piper Cruiser Model Test 

Fig 10) shows most of the received energy 
1s from below the alrcraft with nulls to the 
stde which are somewhat deeper than desired 
Cross-polarlzat~onmeasurements forthe 
three planes, Patterns 1A. 1C and 1E mdlcate 
that cross-polarized radlatmn IS negllglbly 
small 

CAA V-109 Antenna WIthout Pedestal 
The vertxal supportmg pedestal was 

removedfromthev-109 antenna exposmg the 
balun and a pattern study similar to that On 
the complete antennawas made The patterns 
obtamed (Fig 12) show that recelvmg char- 
acterlstxs were not unpaired by the altera- 
thm This can be seen by comparing the cor- 
respondmg cur Y e s m Figs lland12 A 
small mcrease m cross-polarized radlatmn 
in Plane 1 and Plane 2 was measured, along 
with a small decrease In Plane 3 The m- 
creased cross-polarized signal reception Ln 
the modlfled antenna was probably due to the 
exposed balun The modlfted antenna appears 
to be satisfactory 

V-109 Antenna On Piper Crutser Model, 
Location 3 

Patternmeasurements were made wrth 
the l/12 scale model of the Piper Cruiser 
andV-109 antenna with the antenna at a point 
above the forward part of the cabm (LocatIon 
3. Fig 9) The patterns obtaIned are given 
1nFLg 13 for comparison with the free-space 
patterns for the same antenna (Ftg 11) Pat- 

tern 3 for Plane 1 IS slrnllar to the free-space 
pattern and 1s satisfactory While the pat- 
terns show large upward lobes, there still LS 
appreciable reception In useful dIrectIons 
Pattern 3D, with deep downward nulls, agan 
mdwates shleldxng by the fuselage Thecross- 
polarleat~onpatterns, 3A. 3C and 3E. are sat- 
Lsfactory Patterns 3F and 3G we r e taken 
wtth the alrcraft m a posrtmn s mulatmg flight 
dtrectly toward and away from the ~llumula- 
tmg antenra wulth the awcraft rotatmg on Its 
fore-and-aft axis (AXIS 4, Fig 10) sm-alatmg 
a 360” roll of fllght These two patterns are 
not of great sLgnrficance. the nulls beuxg due 
to cross polarlzatmn 

The patterns of Fig 13 lnduzate that 
this antenna locatmn (Locatun 3, Fig 9) 1s 
satisfactory There 1s constderable shleldmg 
by the metal structure of the atrcraft, causmg 
appreciable useless upward antenna sensl- 
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F,g 9 Antenna Test Locatmns on Piper 
Cruder Model 

tlvlty 

V-109 Antenna on Piper Cruiser Model, 
LocatKm 4 

Fig 14 gives the patterns obtamed wtth 
theV-109 antennamounted]ust backof the ca- 
bm o,,thePtperCrulser (LocatIon 4. Fq 9) 
The patterns show that th,s locatIon 1s a poor 
one because of the deep nulls to the rear III 
Patterns 4 and4B andthe comparatlvelylarge 
cross-polar~zedp~ckup shown in Patterns 4A 
and 4E 

V-109 Antenna on Piper Cruiser Model, 
Locatmn 5 

F,g 15 shows the patterns obtamed with 
the V-109 antenna mounted on the P,per 

Cruiser Model at a pomt at the top of the sta- 
tkonary sectIonof the vertical stab,llzer (Lo- 
catmn 5, F,g 9) Inasmuch as this locat,on 
had beenused on larger alrcraft with good re- 
sults. ,t was thought desirable to mvestlgate 
this p o s it I o 7 for the antenna on the Piper 
CIULSer 

The model range measurements ,nd,- 
cate that this locatmn 1s unsatisfactory due 
to the deep forwardnull ,n Patterns 5 and 5B 
Pat t e r n SD. by itself. mdlcates generally 
acceptable characterlstlcs 

V-109 Antenna on Piper Cruiser Model, 
Locatmn 6 

Patterns obtamedwiththev-109 antenna 
mounted above the vertxal stabllluer on the 
P,per Cru,ser (Locatmn 6, Fig 9) are given 
ITI Fig 16 This mstallatmn would be rather 
unpractical on a P,per Cruiser because the 
whole top portmn of the verttcal stabtllzer 1s 
part of the hmged rudder, but a sun~lar lo- 
catIon might be ava&.ble on other makes of 
aIrcraft 

The patterns show that LocatIon 6 IS 
muchbetter thanLocatton5, butalso has sev- 
era1 undesirable characterlstrcs The con- 
centratIon of antenna sens,tw,ty toward the 
rear shown 11, Pattern 6 and the deep forward 
null ,n Pat t e r n 6B are hardly acceptable 
cross-poiarlzatlon sensltlv~ty (Patterns 6~. 
6C and 6E) IS acceptably small 

V-109 Antenna on P,per Cru,ser Model, 
LocatIon 7 

Fig 17 gives the pattelns obtamed wtth 
the V- 109 antenna mounted below and behmd 
the cabm. flush with the fabric skm on the 
Piper Crutser (Locatmn 7, Fig 9) An an- 
tenna of thLs type could be pamted on the fabric 
w,th conductmg pamt or consLst of a metal 
foil element on the fabric 

The deep forward nulls and IrregularI- 
ties u, Patterns 7 and 7B make thw locatmn 
unacceptable Response to cross-polarmed 
s,gnals (Patterns 7A. 7C and 7E) 1s too great 

V-109 Antenna on Piper Cruser Model, 
Locatmn 8 

The V-109 antenna was mounted at a 
pos,t,on on the upper side of the port wmg of 
the PIper Crux-er (Locatmn 8 Fig 9) Agam 
the antenna elements were flush wwlth the fab- 
TIC FV3 18 gives the results obtamed at 
th,s mstallatton 
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PLANE OR *x,s MANEUVER TO PRODUCE PATTERN 

* I = HORIZONTAL PLANE 
*2 q FORE n AFT VERTICAL PLANE 

360’ ROTATION AROUND ZENITH-NADIR AXIS + 6 
300’ ROTATION AROUND SO’ - 270’ AXIS +S 

+3 = ATHWARTSHIP VERTICAL PLANE 3600 
*4 = FORE 8 AFT ROTATION AXIS 

ROTATION AROUND O” -IGOD AXIS * 4 

* 3 = ATHWARTSHIP ROTATION AXIS 
*G = VERTICAL ROTATION AXIS 

PATTERNS FOR PLANE *I ARE MADE BY ROTATING AIRCRAFT OR ANTENNA AGOUT 
AXIS +G WHILE THE RADIATED SIGNALS FROM AN EXTERNAL SOUROE ARE PROP - 

AGATED ALONG AXIS * 4 
PATTERNS FOR PLANE=2 ARE MADE BY ROTATING AIRCRAFT OR ANTENNA ABOUT 

AXIS *S WHILE THE RADIATED SIGNALS ARE PROPAGATED ALONG AXIS * 4 
PATTERNS FOR PLANE * 3 ARE MADE BY ROTATING AIRCRAFT OR ANTENNA ABOUT 

AXIS *)4 WHILE THE RADIATED SIGNALS ARE PROPAGATED ALONG AXIS * S 
NORMAL PATTERNS USE HORIZONTAL POLARIZATION OF RADIATED SIGNAL. 

“CROSS u PATTERNS USE VERTICAL POLARIZATION OF RADIATED SIGNAL 

Fig 10 Plane And AXE Termmology for AIrcraft Antenna FLeld Patterns 
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Fxg 11 CAA V-109 Antenna Free-Space Patterns 
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Fig 11 (Contmued) 
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Fig 12 CAA V-109 Antenna Wtth Pedestal Removed 
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Fig 1.2 (Contmued) 
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Fig 13 V-109 Antenna on Piper Cruder Model at Location 3 
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Fig 13 (Contmued) 
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Fig 14 V-109 Antenna on Piper Cruser Model at Locatmn 4 



Fig 14 (Contmued) 



Fq 15 V-109 Antenna on Piper Cru,ser Model at Locatmn 5 
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F,g 15 (Cantmued) 
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Fig 16 V-109 Antenna on P,per Cruser Model at Locatmn 6 
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F,g 16 (Contmued) 



26 

Fq 17 V-109 Antenna on Piper Cruiser Model at Locarmn 7 
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Fig 17 (Conhued) 
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Fq 18 V-109 Antenna on Piper Cruiser Model at Locatmn 8 
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Ftg 18 (Contrued) 
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Fig 19 V-109 Antenna on Piper Cruder Model at Locatmn 9 
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Fig 19 (Contmued) 
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The patterns show that this locatmn has 
some acceptable qualhtws Patterns 8 and 
8A show that most of the pwkup ,s dmected 
rearward. and there are apprecmble maxima 
m other dlrectmns The cross-polartzatmn 
patterns are obJectmnably large The deep 
nulls m Pattern BD are undesirable 

V-109 Antenna on Paper Cruiser Model, 
Locatmn 9 

Fig 19shows the results obtamed with 
theV-109 antenna mounted on the lower sur- 
face of the Piper Cruiser wmg (Locatmn 9. 
Fvz 9) at a pomt otherwLse similar to Lo- 
catmn 8 

This location LS probably unsatisfactory 
because of the abrupt varmtlons m Pattern 9 
and the 1 a r g e cross-polarwatmn Patterns, 
9A. 9C and 9E The placement of the nulls HI 

Pattern9F seems to mdlcate the presence of 
appreciable currents m the metal structure 
of the aIrcraft. causmg senslttvlty to cross- 
polarized signals 

Shunt-Fed Wmg-Tip Antenna on Piper 
Cruiser Model, LocatIon 10 

A shunt-fed quarter-wave stub antenna 
was mounted on the starboard wmg tip of the 
Piper Cruiser model (Locatmn 10, Fig 9) 
An mstallatmn of this kmd on an actual a~- 
craft IS shown m the photographw view, Fig 
20 The model range results obtamed with 
this antenna are given m Fvg 21 

All patterns exhtblt generally accept- 
able characterlstlcs Pattern 10 and 10B 
show apprecmble sensltlvlty fore and aft, 
and the downward portmn of the vertxal Pat- 
tern 10B leaves little to be desired Cross- 

polarlaed plckup. whtle appreciable, LS usu- 
ally smallest at angles where lt 1s least de- 
slred, as shownmpatterns 10A. 1OC and 10E 

Series-Fed Wmg-Tip Antenna on Piper 
Cruiser Model, Locatmn 11 

Aserles-fedquarter-wave stub antenna 
was next tried on the starboard wmg tip of 
the Piper Cruiser model The mstallatmn 
was the same as that for the prevmus test 
except that the method of feed was changed 

Fig 22 shows the pat t e r n obtamed 
As might be expected, the patterns for this 
antenna are very s 1 I-III 1 a r to those for the 
shunt-fed stub at the same locatIon The 
serws-fedmstallatmn 1s equallysatlsfactory 

The Vertical Stablltzer Stub Antenna m the 
Piper Cruiser Model, Locatmn 12 

A shunt-fed vertLca1 stub m the vertl- 
calstab~llzer of the P,per Cruiser model was 
tested with a v,ew towards Its use as a VHF 
transmtttmg antenna The leadmg edge of the 
tall fm was Isolated at the top and shunt fed 
at apomt approxtmately a quarter wavelength 
below This 1s LocatIon 12, Fig 9 

The patterns obtamed are given In Fig 
23 Patterns 12 and 12A show undesirable 
nulls m the forward dxectmn For thts rea- 
son, this antenna locatmn would probably be 
unsatisfactory 

C onclus Ions 
The mod e 1 range tests on the Piper 

Cruiser mduzate that the best locatmn for the 
CAA V-109 antenna on this alrcraft 1s above 
the fore part of the cabm on the center lme. 
LocatIon 3, Ftg 9 Patterns of the V-109 
antenna located on the verttcal stablllzer m- 
dlcate that this locatmn 1s uusatlsfactory on 
the Piper Cruiser. but that It might be ac- 
ceptable on other types 01 alrcraft with higher 
vertical stablllzers 

Model tests show that good results 
mtght be obtamed with a stub antenna mounted 
on the wmg tip as shown m the photographIc 
v,ew, Fig 20 This antenna 1s also attractive 
froma mechanxalstandpomt m that it offers 
the posstblllty of a completely falred-m m- 
stallatmn 

METALLIZED MODEL STUDY 

Techntque 
Tocheck the performance of the V-109 

antennaon metal covered aIrcraft, the frame- 
workoftheptper Cru,ser model was covered 
with copper foil Pattern tests were then 
made on this metalllzed model 

V-109 Antenna on Metallleed Model, 
LocatIon 13 

FLY 24 shows the pat t e r n s obtamed 
with the V- 109 antenna mounted above the for- 
ward part of the cabm (Locatmn 13, Fig 9) 
on the metall~eed Piper Cruiser model 

Pattern 13 shows sattsfactory sIgna 
pxkup fore and aftalthough the greater sex,- 
tlvlty toward the rear 1s undestrable The pat- 
tern IS not quite as good as that obtamed with 
the fabrw-coveredmodel(Flg 13. Pattern 3b 
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Ftg 20 Wmg-TIP Antenna on Piper Cruiser 

Pattern 13B, w h I 1 e satisfactory. mdxates 
thatmost of the slgnal plckup LS In an upward 
dlrect,onas mPattern 13D Compared to the 
fabric-covered model, Fig 13, Patterns 13B 
and 13D show the more complete shxeldmg 
effect of the metal covermg Cross-polarized 
components were negllglble and for this rea- 
son Patterns 13A and 13C are not rncluded 

V-109 Antenna on Metalllzed Model 
AIrcraft. LocatIon 14 

TheV-109antenna was moved approxl- 
mately a quarter wavelength toward the rear 
of the aIrcraft, from LocatIon 13 to Loca- 
tlon 14, Fig 9 Th e pattern results ob- 
tamed at this locatlon are shown m Fig 25 

Pattern 14 shows unsatisfactory char- 
acterlstlcs m the forward dIrectIon. as does 
Pattern 14B Cross-polarxz.ed components 
are negllgtble The results are mterestmg. 
mthattheyshow a conslderable detertoration 
mperformancewtharelatwely small change 
m antenna locatIon 

V-109 Antenna on Metallw.ed Model 
AIrcraft. Location 15 

The V-109 antenna was moved another 

quarter wave toward the rear of the aircraft 
to LocatIon 15, Fig 9 F+! 26 shows the 
patterns obtamed 

The low forward sensltivlty mdlcated 
m Patterns 15 and 15B makes this locatIon 
unsatrsfactory Great Improvement In down- 
wardpIckup over that obtamed at Location 14 
1s mdlcated in Pattern 15B 

Series-Fed Wmg-Tip Antenna on 
Metalllzed Model, LocatIon 16 

A serves -fed stub antenna was mstalled 
on the starboard won g tip of the metallwed 
model at Location 16, Fig 9 The model 
range patterns obtamed are shown m Fig 27 

Pattern 16 shows appreciable forward 
sensltlvlty, butwlth some undesxable var~a- 
tlons Pattern 16B has excellent characterIs- 
tics , althoughmore sens,tlvlty forward would 
be desirable The deep stde nulls mdlcated 
m Patterns 16 and 16D are a sertous dlsad- 
vantage The patterns of Fig 27 closely re- 
semble those for the fabric-skm mode 1 m 
Fig 22 

Metal Cylmder Tests 
Durmg prellmmary experiments w it h 

the PLper Cruiser model and V-109 antenna 
it was observed that the forward sensrttwty 
wentthrough successive mmlma and maxwna 
as the antennawas movedprogresslvely back- 
ward on the center lme of the alrcraft To 
mvestlgate this effect further, a model range 
experlmentwas set up m which the l/12 size 
scale model of the V-109 antenna was used 
wltha cylmder Instead of the aircraft model 
The signal received by the antenna from the 
dxectlonofthe axis of the cylmder was meas- 
ured as the poslt~on of the antenna was changed 
along that axis The dmmeter of the cylmder 
was31/21nchesandthelength12mches, co=- 
respondmg to 0 24 and 1 44 wavelength re- 
spectlvely at the operatmg frequency of 1,420 
MC 

The results obtamed are shown m the 
curve of Fig 28, which shows the received 
s rgnal voltage as a function of antenna posltlon 
along the longltudmal axis of the cylmder 
Exammatlon of the curve reveals that some- 
lar pomts occur at mtervals of multiples of 
a quarter wave, and that the first maximum 
1s approximately aquarter wave from the end 
of the cylmder facmg the signal source It 
probably can be concluded that. m the case 
of an antenna mounted on an actual aIrcraft. 
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Ftg 21 Shunt-Fed Wq-Tip Antenna on Piper Cruuer Model at Locatmn 10 
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F,g 21 (Contmued) 
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F,g 22 Ser,es-Fed Wmg-Tip Antenna on Plprr Cruiser Model at Locatmn 11 
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F,g 22 (Contmued) 



23 Shunt-Fed Vertical Stab,l,zer Srub Antenna on P,per Cruser Model at LocatIon 12 
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Fig 24 V-109 Antenna on Metal,zed Model at Locatmn 13 
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Fig 25 V-109 Antenna on Metallzed Model at Locatmn 14 
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F,g 25 (Contmued) 

the received s tgnal voltage can be doubled 
when the antenna IS moved as little as a quar- 
ter wavelength (about two feet) This would 
be true If the antenna mltmlly was located at 
a pomt of mlnrnun radlatmn 

Fromthe results ofthe metall,zed mod- 
el tests It appears that there are few s,gmfl- 
cantdlfferences ln the patterns obtamed w,th 
the metallleed and fabric-covered models of 
the Piper Cruiser Where a shleldmg effect 
was observedwIth the fabr,c-covered model, 
slnular, butusually more complete shwldmg 
was obtamed with the metalllzed model In 
these model tests no constderatlon was given 
to ante nn a Impedance characterlstxs In 
actual practice It 1s very important that the 
input Impedance of the VHF receiver, the 
output unpedance of the antenna and the char- 
acterlstlc unpedanceof the transmmsmn lme 
betweenthe two be sxnllar over the frequency 
range employed Inthe case of a V-type VHF 
antenna, It 1s necessary to use the antenna 
with a balanced-feed system or to employ a 
balun whe i- e unbalanced transmtssmn lmes 
are mvolved 

FLIGHT TESTS 

Technique 
Full-scale fl,ght tests were made us mg 

Piper Cruiser, StmsonVoyager. Ryan Navmn 
and Beechcraft Bonanza atrcraft ‘Ihe NARCO 
Type VRA-1 VHF Receiver. VOA-I Omn,- 
range Converter and associated equpment. 
the ERI-Federal VHF no,se meter. and the 
ERI-NARCO VHF noise meter descrtbed ,n 
Stage I of this report were used ,n makmg 
the tests subsequently descrtbed on a number 
of ddferent antenna arrangements on each of 
the alrcraft The Evansville. IndIana VHF 
omn,range statmn (113 3 MC) was the ground 
statton used m these tests 

1 Notse Reductron Noise measurements 
were made on the ground with the ERI-Fed- 
era1 VHF no,se meter to determme the ef- 
fectrveness ofvarK#us noise-suppress,onsys- 
terns D u r 1 n g fltght the ERI-NARCO VHF 
Norse meter was used, but with the avc cur- 
cult m the NARCO VHF Receiver operatkng 
normally, to make relative no,se measure- 
ments Nome meter readmgs were taken at 
108. 115. and 122 MC with the rece,ver tuned 
off amy s1goals present Readmgs of as high 
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F,g 26 V-109 Antenna on Metalmed Model at Locatmn 15 
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Fig 27 Ser,es-Fed Wmg-T,p Antenna on Metalmed Model at Locat,on lb 



Trawmlttlng Antemw 

Fig 28 Metal Cylmder Test Effect of Antenna Posltmn on Cylmder 

as 1 ov. correspondmg to the audm output 
obtamedwlth 30 per cent modulated rece,ver 
Inputs ofless than Bm~rovolts (Ftg 7). were 
constdered good 

2 Double Course-Wtdth Distance Whxle 
the alrcraft was flymg away from the Evans- 
vllle omnlrange statmn, at a distance of 15 
miles, the course-w,dth was measured wdh 
the NARCO equipment Course-wtdth was 
measured arbltrardy m this manner The 
OMNIBEARING SELECTOR (referred tohere- 
mafter as OBS) dial was set successwely at 
the pomts where the course devlatmn mdtca- 
tor (referred to heremafter as DI) read full- 
scale m each d,rectmn “Course-wdth” or 
DI sensrttvtty, was defmed as the difference 
between the two OBS dml readmgs 

lhe fltght was contmued until the course - 
width so measured was twice the orlgmal value 
The distance from the range statmn to the 
pomt where the course-width doubled, was 
recorded These tests were made at an a.ltl- 

tude of 1.000 feet The rnu~unnm double 
course-wtdth distance constdered acceptable 
was 45 miles 

3 Course-Wtdth at 2OM1les The course- 
wtdth, as defmed prevmusly. was measured 
at a distance of 20 m,les from the Evansv,lle 
omnrrange statmn w ,th the alrcraft headed 
north, south, east and west A value of 30” 
was constdered optwnum course senslttvky 

4 Ttlt Tests With the aucraft headed 
toward the Evansville omn~range statmn, at 
a distance of about 25 mrles, the pomter of 
the DI was centered andthe wmgs were tipped 
45’ to the rlght for a few s e c ends and then 
45Oto the leftfor the same permd The amount 
of DI meter deflectmn caused by these manes- 
vers was recorded Three degrees was con- 
stdered tolerable 

5 Readablllty Lrnlt The greatest dls- 
tance at which the vote transmlssmn from 
the Evansville omnlrange statronwas readable 
was noted with the atrcraft flymg due north 
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away from the statIon at an altttude of 1, 000 
feet The test was repeated with the aLrcraft 
he ad e d toward the statmn and the distance 
where the “01 c e transmtsstons were agarn 
readable was noted It was found that the d,s- 
tance was approxmxately the same for both 
dIrectIons of fl,ght. masmuch as the exact 
llmlt of readabIlIty could not be precisely de- 
termmed by this measurmg technique The 
average of the two readmgs was recorded A 
range of 50 miles was requwed 

b Propeller Modulatmn The pomter of 
the DI was centered and the speed of the air- 
craft engme was varied slowly A sltght os- 
clllatlonof the mdrcator was noted at certam 
speeds and Its magmtude was recorded at the 
most crltlcal pomts. 1800, 2100 and 2400 

rPm A maximum of 3’ was consldered tol- 
erable 

7 PatternMeasurements Patternmeas- 
urements were made at a distance of about 
25 moles from the Evansville omnuange sta- 
tmn at altitudes of 1000, 2000 and 4000 
feet Readings were taken at headmg Inter- 

vals of 45” as the alrcraft flew over a fued 
landmark The ERl-NARCO VHF noise meter 
was used with approprLate external attenuators 
m recordmg the received voltages for each 
headtng of the atrcraft 

8 Bearmg Error at 20 Miles Bearmg 
readmgs over a fxed landmark 20 miles due 
north of the Evansville omnlrange statlon. 
as mdtcated by the NARCO equipment, were 
recorded with the aIrplane headed N. NE, E, 
SE, S. SW, W, and NW Errors of less than 
3’ were constdered acceptable 

9 Bearrig Error ,n 3O’Bank Bearmg 
readmgs over a fmed landmark 20 miles due 
north of the Evansvtlle ommrange statlou. 
as mdlcated by the NARCO equipment, were 
recorded with the aIrplane headed N, NE, E, 
S. SW, W, and NW, flymg m a 30” bank ma 
circle around the landmark Errors of less 
than 3” wereconstdereddesuable but not ab- 
solutely essential 

Data 
Most of the data taken durmg the flight 

tests 1s given In tabular form m Tables I and 
II Thevarlous antenna arrangements tested 
were Identlfled by flrght numbers whxh appear 
m Table I A descrlptton of the mstallattons 
Involved for each of the flight numbers 1s given 
w h e r e mdlvtdual tests are dIscussed The 
testnumbers ~nTableIcorrespondtothenum- 

bers given each of the tests and describe the 
techntque used LocatIons of the tested an- 
tennas are given for the correspondmg flLght 
numbers In Fig 29 Pattern data 1s gtven in 
Table 11, and graphxally mFlg 31 The 
last column of Table II grves the value of m- 
put at t e nu a t o r used with the ERT-NARCO 
nose meter for each set of data The at- 
tenuator settmg can be used with the tabulated 
values and Fig 1 to obtarn the approximate 
radw frequency output voltages from the tested 
antennas In Tables I and 11 all slgnal and 
nolse mtensity readmgs are given m terms 
of output voltage of the ERI-NARCO VHF 
notse meter 

PIper Cruwer, Fltghts 1 and 2 
The CAA V-109 antenna was mounted 

over the cabm of the Piper Cruiser on the 
center lme of the amcraft, 7 l/2 Inches he- 
hmd the wmdshleld as shown m Figs 29 and 
30 Prel~mmaryfllghts with thu mstallatton 
revealed that lgnltlon noise was obJectIonable 
on the NARCO receiver at a dw.tance of only 
25mlles from the EvansvLlle omnlrange sta- 
tton Groundtests with the ERI-Federal VHF 
noise meter revealed that resistance spark 
plugs reduced tbts Norse by a factor of 15 1 
db. and shleldmg the tgnltmn system resulted 
m a 29 db noise reduction at whwh point no 
nome could be heard m the receiver head- 
phones By”shlelded lgnltlon system” 1s 
meant shielded spark plugs, wwmg and mag- 
netos 

Flight 1 was made wrth resx.tance spark 
plugs mstalled and Flight 2 with the shlelded 
lgnltmn system Exammatmn of the data m 
Table I 1 e ads to the conclusion that etther 
Norse-suppresslonsystem IS acceptable mas- 
muchas satl~‘actorypec~rmancewas obtamed 
at well over 45 miles at an altitude of 1, 000 
feet The 3’ deflectIons of the DI pomter ob- 
tamed xn the t 11 t and propeller modulation 
tests are wvrthm acceptable ltmlts, but the 
errors measured in the 30” bank tests were 
rather high 

The antenna lead-m used for all of the 
PIper Cruiser flight tests was 7 5 feet of 
RG-58/U cable Lead-m lengths of 90. 100 
and 110 Inches of RG-50/U. RG-54/AU and 
RG-29/U. all 50-ohm coaxtal cables, were 
tested on the ground As might be expected, 
there was no notIceable change Ln performance 
with any of the cable arrangements 

Antenna pattern data 1s given m Table 
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TABLE I 

Stage 11 Fl,ght Test Data 

Test #E Test P9 

Awcrofl Fhghl Brarmg Error At 20 Miles, Degrees Bwmng Error In 3oD Bmlk, Degrees 

N/.FIFI+F~SISWIWINW NINEIEiSEISISWiWiNW 

II and the patterns obtamed are shown m Fig 
31 The patterns a p p e a I to be reasonably 
symmetrical and are satisfactory 

P,per Cruiser. Flight 3 
A serves-fed wmg tip antenna was m- 

stalled on the starboard wing of the Piper 
Cruiser as shown m Figs 20 and 29 

No detalled fltght data on this antenna 
was taken because of time lwnltatmns How- 
ever, m prelmnnary flights It was observed 
that propeller modulatmn was not notmeable 

at any engme speed Measurements made on 
me groundw,thno suppressor system Installed 
revealed that lgnltmn no,se pxked up by this 
antenna was 6 db below that of the V-109 as 
mounted above the cabm for Flights 1 and 2 

Stmson Voyager, Flight 4 
Fl,ght 4 on a Model 150 Stmson Voy- 

ager Auplane was made with the CAA V- 109 
antenna over the cabu. 13 l/2 Inches behmd 
the upper edge of the wmdshleld on the center 
lme of the alrcraft as shown tn Figs 29 and 
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TABLE II 

Stage IL Flight Pattern Data 

70(150(150(320( 1000 ( 33 I 6 I 

50)3701 160 13501 1000 1 36 1 0 

__ - _ - . 

I I 360 200 240 1000 I 33 I 6 

I. 7 40012901 160~340~490~2601200(220~ 2000 1 33 I 12 
38013901 1401 3601420139OI 20012201 4000 1 36 1 I2 

I I 

32 Noise measurements made before take- 
off mdlcated that tgnltlon notse tn the receiver 
was 7 db above that mthe PIper Cruiser with- 
out noise-suppresslo* systems Reststance 
spark plugs lowered the noIs? level 5 db and 
shleldmg the Ignttlon system caused a 37 db 
noise reductmn Flight 4 was made usmg 
res~tance-wtre Ignltwn leads The figures 
m the Test 1 column of Table I show that the 
Ignttmnnolse level was rather high. reducmg 
the double course-width dtstance to about 35 
miles, and causmg generally unsatisfactory 
performance 

Stmson Voyager, Flights 5 and 6 
Flights 5 and bwere made with the same 

antenna mstalldtmn as mFl~ght 4 Reststance 
spark plugs were used in Flight 5 and a com- 
pletely shlelded lgnltmn system was used m 
Flight 6 Exammatmn of the data In Table I 
reveals that satisfactory results were obtamed 

on both flights. but that the shielded tgnttlon 
system was superlor Overall performance 
was sxn~lar to that obtamed with the PIper 
Cruser The antenna lead-m lor Stuxon 
Voyager Flights 4. 5 and 6 consIsted of 100 
Inches of RC-50/U cable 

Stmson Voyager. Flight 7 
For Fltght 7the CAAV-109 antenna was 

moved to a pomt 37 l/2 Inches behrnd the 
upper edge of the wmdshreld on the center 
lux of the Stuxon Voyager atrcraft as lllus- 
trated m Fxg 29 This was the locatmn of 
the VHF w h 1 p antenna Ln the view shown In 
Fig 32 Ignltmn notse measurements on the 
ground showed that reductmns of 6 db with 
resistance spark plugs and 42 dbwltha 
shlelded Ignltton system could be obtamed 

The antenna patterns, Fig 31. show 
~sst~sfactoryforwardsens,tlvlty, the course- 
width doubled well before the desired mm,- 
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Beech Bononra 35 

Fcg 29 Antenna Locations for Stage II Flight Tests 
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Fig 30 V-109 Antenna on PIper Cruiser 

mum of 45 miles, and performance was gen- 
erally unsatwfactory 

Navmn. Flight 8 
The CAA V-109 antenna was mstalled 

above the vert~al stabllmer (see Figs 29 
and 33)on a Model 1949 Ryan Navmn aucraft 
for Flight 8 Measurements on the ground 
IndIcatedthat the VHF nomz level on the Navmn 
was about 6 db above that of the Piper Cruiser 
with shielded tgnltmn system Excellent re- 
suits we r e obtamed In all flight tests See 
Tables I and II and Fig 31 A rather long 
lead-m, 22 5 feet of RG-29/U cable, was 
used m thm mstallatmn Lead-m loss was 
approxwnately 1 db, but this was negltglble 
m th,s mstallatmn 

Navmn. Fhght 9 

The CAA V-109 antenna was mstalled 
above the cabm on the Navmn, 19 Inches be- 
hmd the wmdshvzld on the center lme of the 
aIrcraft, as shown m Fig 29 A21 5foot 
lengthofRG-29/U cable was used for the an- 
tenna lead-m The results obtamed at this 
positmn. as given m Tables I and I1 and Fig 
31. show that this antennalocatmn IS mfermr 
to the vertical stablllzer locatmn used for 
Fl,ght 8 The pattern at 1, 000 feet shows 
that there 1s msufftcuznt stgnal pxkup to the 
rear, causmg poor course sensltlvlty char- 
acterwtlcs 

Navmn. Fltght 10 
A NARCO V antenna was mounted on 

the Navmn cabm m the same locatmn as that 
for the V-109 antenna m Flight 9 See Figs 
29 and 34 R e s ul t s obtamed with this m- 
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Fq 31 (Contmued) 
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FQ 32 V-109 Antenna on Stmson Voyager 

Fig 33 V-109 Antenna on Navmn Vert,cal Stablllzer 
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stallatmnwere generally mfermr to those ob- 
tamedwLththe V-109 antenna at the same lo- 
catmn and the performancewas vastly mfermr 
to that obtamed at the vertical stabllmer lo- 
catmn ,n Fltght 8 See Tables I and II and 
Fig 31 The sens,twty of the NARCO an- 
tenna appears to be considerably less than 
that of the CAA V-109 antenna See Appendm 
II 

Beechcraft Bonanza. Flxght 11 
F,gs 29 and 35 show the locatmnof the 

Pmneer V antenna on a Model 35 Beechcraft 
Bonanza amcraft for Flrght 11 A low-fre- 
quencywme antennalocated near the VHF an- 
tenna to be tested can be seen m Fig 35 
This \v~re antenna had to be removed before 
satisfactory results could be obtamed Meas- 
urements made on the ground mdlcated that 
theVHF no,se level ,nthe Beechcraft Bonanza 
,.,a5 14 db above that in the P lpe r Cruiser 
with shlelded Igmtmn system The antenna 
lead-m cons,sted of 120 mches of RG-29/U 
coaxial cable As can be seer, from the data 
m Tables I and II and the antenna patterns 1x1 
Fig 31, generally satisfactory results were 
obtamed 

Beechcraft Bonanza, Flight 12 
The vert,calpedestal,vvas removedfrom 

a CAA V-109 antenna and the antenna was 
mountedbelow the tall ofthe amcraft as shown 
UI Ftgs 29 and 36 The lead-m consisted of 
20 feet of RG-29/U cable The data and pat- 
terns obtamed at th,s ,nstallatum are given 
m Tables I and II and Fig 31 The ,ns tal- 
latmn was unsatisfactory s in c e the double 
course-wtdthdlstancewas as low as 32 n-ales 

CONCLUSIONS 

It LS concluded that the most satisfactory 
method of suppressmg VHF tgmtmn notse on 
small alrcraft 1s the employment of a shlelded 
1gnLtlon system However. the employment 
of resLstance sparkplugs as a means of no,se 
suppressmng~ves satwfactory results Nowe 
reductmns obtamed u 5, n g resistance spark 
plugs over systems with no suppressmn were 
approxunately 10 db W lth shwlded qnhon 

systems, the no1s.e reductmnwas about 30 db 
W h e r e sh,elded lgnrtmn systems are 

employed, almost any locatmn of the VHF 
rece,vmg antenna 1s satisfactory from a notse 
standpomt Whenreslstance spark plugs are 

used as the sole means of noise suppression 
,t appears adv,sable to locate the VHF re- 
ce,v,ng~tennaas far away from the aircraft 
engme as other consideratmns ~111 perrmt 

VHF recewmg-antenna lead-ms usmg 
standard types of 50-ohm coar~~l cable (such 
as RG-29/U and RG-58/U) are satisfactory 
for small aIrcraft While ,t appears deslr- 
able to run the lead-m by as short and direct 
aroute as possible. therouteusedls not 
cr1t1ca1 

Propeller modulatmn was negllgtble at 
all antenna locatmns tested The maxn-n~m 
oscrllatmnof theNARC DI pointer observed 
was approxmlate1y 3’ 

The most crlt,cal factor mvolved UL the 
placement of VHF rece,vmg antennas on small 
aIrcraft IS the locatmn effect on the antenna 
pattern It 1s necessary to locate the antenna 
mapos,tmnwh~h v/,11 g,ve a good horlaontal 
pattern on the horvzon and a few degrees be- 
low. ,f optxnumperformance 1s to be obtained 
wulththe VHF navtgatmn equipment The best 
locatmns found on the tested aucraft were. 
over the cab,ns of the Piper Cruiser (Point 
1, Fig 29)andStlnsonVoyager (Pornt 6, Fig 
29). above the vertical stabllleer of the Na- 
v~on (Po,nt 8. F,g 29), and over the cabm on 
the Beechcraft Bonanza (Pomt 11. Fig 29) 

In general. ,t appears that the best po- 
s,t,onfor theVHF rece,vmg antenna on small 
axcraft IS well forward over the cabm Where 
a hlghvert,calstabll,zer 1s available thts lo- 
catmn also 1s good 

STAGE III 

RECEIVER LOCATION STUDY 

Stage 111 of the work program was a 
study of all convenwnt locatmns for the VHF 
rece,ver and mterconnectmg cables on Piper 
Cruwer. Stmson Voyager and Ryan Nawon 
aIrcraft to determIne the parameters for mm- 
LrnUrn 1gn1tmn nOMe 

LOCATION TESTS 

Technique 
The ERI-NARCO VHF no,se meter. with 

the antenna replaced by a 50-ohm shtelded 
resistor. was used as the receiver m the 
tested aLrcraft The nowe meter output read- 
mg was recorded at 108. 115 and 122 MC and 
was used as a basis for ludgmg the quality of 
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Fig 34 NARCO Antenna on Navmn Cabm 

Fig 35 Pmneer V Antenna on Beechcraft Bonanza 
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Fig 36 V-109 Antenna on Beechcraft Bonanza 



Fig 38 Portable NARCO VHF Recewer Assembly 



Fig 39 St~nson Voyager Receiver Installation 
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up by the antenna ~111 be much greater than 
that due to rece,ver placement 

STAGE IV 

ELECTRICAL MOCK-UP 

Stage IV of the work program Involved 
the constructmn of a full-scale model of a 
typical 1,ght alrcraft electrlcal system It 
was designed to facllltate laboratory studies 
of var,ous methods for reducmg Ignltmn Inter- 
ference ,n the VHF rece~vmg system 

MOCK-UP DESCRIPTION 

Gelle12.1 
Fig 41 IS a photograph,c view of the 

completed electrical mock-up of a light a,=- 
craft electrIca system. It consists essent1auy 
of a six-cylmder amcraft engme and elec- 
trtcalsystem ,n a cowlmg mounted on a sem,- 

portable tubular steel frame For convenience 
,n movmg, the front end 1s equipped with two 
15 rnch rubber tired wheels An electric motor 
and pulley system 1s used for drlvmg the 
engme durmg tests An ,nstrument panel. 
contalnlngollpressure, 011 temperature, en- 
gme speed and battery charge-dtscharge m- 
dmators. and an igmtmn sw,tch (located ,n 
back of the fmewallj snnulate a normal am- 
craft mstallatlon A shelf 1s pronded at the 
rear of the frame for receivers and equtp- 
ment, and a bracket for VHF antennas 1s lo- 
cated mnmedmtely above the eqmpment shelf 
Overalldnnensmns of the mock-up are 7 feet 
8 mches long, 6 feet high, and 3 feet 4 Inches 
wutde Two men can easily move the entme 
assembly for short distances 

Engme and Drive System 
The a,rcraft engme used on the mock- 

up IS a Lycommg O-435-2 sm-cylmder en- 
gme, enclosedby a conventmnal metal cowlmg 

F,g 40 Ryan Navmn Receiver Installatmn 
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and fmewall A 3-hp 3-phase, 220 v, 1, 800 
rpm electric motor 1s provided for drlvmg the 
alrcraft engme The Lycommg engme was 
modlfted by removmg certam parts to reduce 
drlvmg-power requirements The propeller 
reductmn g e a r s were replaced by a three- 
fourths Inch shaft, to be driven by the elec- 
k-l.2 motor The pistons, connectmg rods, 
cam followers and push rods were removed 
The valves were sealed, cylmder bases welded 
closed, and all cylmders connected wrth tubmg 
to a centralpomt for connectmn with a pres- 

surlzed lme m order to control pressure m 
the flrmg chambers 

Table IIIllsts the pulleys, taper bushmgs 
and belts provtded to obtarn engme speeds be- 
tween 520 and 2,700 rpm as mdlcated m Table IV 

ElectrIcal System 
A schematx dmgram of the mock-up 

electrIca system 1s given m Ftg 42 Me- 
chanxal arrangements are such that elec- 
tr,cal components such as generators, volt- 
age regulators. Ignltmn harness. spark plugs 

Fig 41 ElectrIcal Mock-Up 
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and magne tas can be replaced easily and 
quickly The followmg replaceable accesso- 
rles are pravtded unshLelded, shielded. and 
reslstance-wire Ignltmnharness, unshielded. 
shLelded and reststance spark plugs, Delco 
1101876 and Eclipse 310 generators, Delco- 
RemyVoltage regulator. Autoltte 23,742 Am- 
meter, 12 v s to rage battery, AC 7 Ignltmn 
swatch, and Bendix Sclntllla SFbLN8. Else- 
man LA4 and Elseman LM4 magnetos 

TABLE III 

Mock-Up Engrne Drive Accessories 

2 Brownmg. 2TB44 Pulleys (4 4 u1 D ) 
1 Brownmg. 2TB56 Pulley (5 6 m D ) 
1 Brownmg. 2TB66 Pulley (6 6 m D ) 
1 Brownmg, 2TBl 54 Pulley(l5 4 XI D ) 
1 Brownmg, Pl Taper Bushmg (3/4 in shaft) 
1 Brownmg. Pl Taper Bushmg (1 III shaft) 
1 Brownmg. 01 TaperBushmg(3/4 ,n shaft) 
2 Brownmg, 2B68 Belts 
2 Brownmg. 2B65 Belts 

STAGE V 

IGNITION SYSTEM STUDY 

Stage V of the work program called for 
a complete study of lgnttvan systems and an 
evaluation of all VHF noise sources Tests 
were made usmg the atrcraft electrIca sys- 
temmock-updescrtbed InStage IV of this re- 
port and on alrcraft usmg three different types 
of engmes 

MOCK-UP TESTS 

Technique 
A comprehensive study of all ltkely 

sources of VHF lgnltmn Interference usmg 
theelectrlcalsystemmock-upwas made The 
ERI-Federal VHF nowe meter, descrtbed m 
Stage I of this report. and a Measurements 
Carp Model 80 SIgnal Generator were used 
m measurmg the noxse voltages at the output 
of a CAA V-109 antenna mounted on the an- 
tenna bracket on the mock-up several feet be- 
hmd and above the engine The Input of the 
noxe meter was connected to a coarlal switch. 
so that lt could quickly be swtched to the an- 
tenna for noise measurement, and to the slgnal 
generator. for caltbratmn 

The rrght magneto on the mock-up was 
modLfled by parallelmg all 51x high-tensIon 
output termmals, so that the SLX impulses ob- 
tamed in one magneto cycle could be fed to 
one spark plug This was done so that each 
~mpulsewould be Involved with the same sw,e 
spark gap and the same lengthof LgnLtlon lead, 
and to expedite measurmg procedure The 
top spark plug on the number one cylrnder was 
connected to the paralleled magneto output 

The lower sparkplug on the number one 
cylinder was loosened to permit air to es- 
cape after the system was connected to an air 
pressure system supplymg a pressure of 100 

PSI By thus me ans fresh au was forced 
throughthe flrlng chamber and the ozone con- 
tent reduced Pressurizmg the cylmder re- 
sulted in an Increase of about 9 db mVHF 
nome level However, even wtth the air 
clrculatlng, there was still a gradual re- 
ductmn m no 1 s e mtens Ity after the lgnltmn 
was turned on Therefore, all comparative 
no1s.e measurements were made after approx- 
lmately the s am e elapsed ttme of magneto 
operatmn 

AllnoIse meter readmgs were taken at 
a frequency of 115 MC, with the engme oper- 
atmg at approximately 2.000 rpm 

Bondmg Study 
In the electrxal s y s t e m mock-up of 

Stage IV of this report, the magneto ground- 
Ing wares, generatorwlrmg. and oll-temper- 
ature captllary tube all pass through one hole 
III the fIrewall The o,lpressure lme and 
tachometer shaft each pass through separate 
holes Arrangements were made to bond these 
Items and the shleldmg on the wires to the 
frame bysoldermgthem to a two-Inch copper 
disc bolted to the fxewall 

Noise-level measurements made with 
the noise meter were tdentxal be f o r e and 
after the bondmg operation The cowlmg was 
c 1 o s e d and an Autollte automotIve reslstor 
spark plug was m use at the time the meas- 
urements were made 

Generator Study 
Two types of generators were tested on 

the mock-up Thesewere aEelcoqpe 1101876 
and an Ecl,pse Type 310 A switch was pro- 
vtded ln the generator field circuit to permit 
(1) normal operatmn wth the voltage regulator, 
(2)voltage regulatmnby means of an external 
rheostat, and (3) maklng the generator mop- 
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POWER DRIVE GENERATOR SYSTEM 

Ftg 42 Mock-Up Electrrcal System 

IGNITION SYSTEM 

eratlve 
Noise measurements were made with 

the c owllng open and the lgnltlon system 
turned off Neither generator produced suf- 
flclent noise to change the amb lent noLse 
readmg, whrch was equtvalent to contmuous 
wave Input of 0 16 mIcrovolts to the notse 
meter, unless the field swItchwas In the volt- 
age regulator posItlo* It was found that 
arcing at the voltage regulator contacts caused 
a readmg on the notse meter equivalent to a 
continuous wave Input of 1 0 mxrovolts 
Shunting the voltage and cur r en t regulator 
pomts to ground with 680 p ir f condensers 
w lt h in the regulator unit reduced the VHF 
nose level by 9 2 db Closmg the cowlmg 
virtually ellmmated VHF noise produced by 
the regulator contacts 

Magneto Study 
The VHF no 1 s e levels obtamed with 

three types of magnetos were measured with 
the ERI-Federal VHF noise meter The mag- 
netos were mod,fled so that all flrmg xnpulses 
would appear at all of the high-tensIon output 
termmals lke tests were made with the mag- 
neto mounted on the right side of the engme 
and connected to a resIstor spark plug tn the 
number one cylinder The spark plug was 

modlfted by shorting Its points so that It. would 
not contrtbute to the no1z.e level All meas- 
urements were made wtth the cowlmg open 

Noise meter readmgs equivalent to the 
followmg audio frequency contmuous wave I*- 
puts were obtamed with the following magnetos 
Bendw-Scmtllla SF6LN8, 24 5 mIcrovolts. 
Elseman LM4, 67 mIcrovolts. and Elseman 
LA4, 74 mlcrovolts Thus, there 1s a dlf- 
ference of about 10 db between the several 
magnetos tested 

Noise-Suppressmg Accessories 
The noise meterwas thenused mmakmg 

comparatLve measurements of the VHF noise 
reduction obtamed with the following noise- 
reducmgdewces on the mock-up reststance 
~gnlt~onwlre (Ttteflex 165 ohms per foot), 
reslstor spark plugs (Autollte automotIve), 
combmatlon of resistance wire and plugs, 
and shIelded lgnttlon system (B G ShIelded 
spark plugs and Tlteflex s h 1 e 1 de d lgnltwn 
harness) Initially. not5e measurements 
were made usmg a conventIona Ignltxon sys- 
tem with no suppressmg devrces to establish 
Its noL*e level A series of tests was made 
with the cowlmg open and another wtth the 
cowlmg closed Results obtamed are given 
m Table V 
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TABLE IV 

Mock-Up Engme Speed Data 

ENGINE SPEED RATIO ENGINE MOTOR 
RPM Motor/Engme PULLEY PULLEY BELT 

520 0 289 2 TB 44 2 TB 1 54 2 B 65 

662 0 368 2 TB 56 2TB 154 2 B 85 

770 0 42.3 2 TB 66 2TB 154 2 B 85 

1200 0 666 2 TB 44 2 TB 66 2 B 68 

1415 0 786 2 TB 44 2 TB 56 2 B 68 

1525 0 848 2 TB 56 2TB 66 2 B 66 

1800 1 000 2 TB 44 2TB 44 2 B 68 

2285 1 270 2 TB 56 2TB 44 2 B b8 

2285 1 270 2 TB 66 2 TB 56 2 B 68 

2700 1 500 2 TB 66 2TB 44 2 B b6 

Note Use Accessories rndlcated ,n Columns 3, 4 and 5 to obtam engme speeds of Column 1 

TABLE V 

Test Data on No,se-Suppressmg Accessor,es 

1,OO 

440 

223 

125 

6 

OpN - 
db - 

0 

-79 

-139 

-IB9 

-452 

0 

-36 

-99 

-138 

,393 

1 

AIRCRAFT TESTS Stmnon Voyager (Franklu, Engme) 
Tests were made on the Stmson Voy- 

Measurements were made onthe varmus ager a I rplane wtth the ERI-Federal VHF 
nowe-suppressmg devices mstalled on three Norse meter connected through 30 feet of 
alrcraft with three different types of engmes RG-@cable to a CAA V-109 antenna on the 
The tests were made on the ground, with the aircraft The antenna locatmn was the same 
same procedure as was used for sm-,,lar tests as that used m Flight 4 ,n Stage II of this re- 
on the mock-up port, and IS shown III Figs 29 and 32 The 



63 

test data obtained IS recorded 1” Table V 

Piper Crutser (Lycommg Engme) 
Tests were made on the Piper Cruiser 

airplane wrth the ERI-Federal VHF “else 
meter connected through 30 feet of RG-B/U 
cable to a CAA V-109 antennaonthe aIrcraft 
The antenna location was the same as that 
used I” Flxghts 1 and 2 1” Stage 11 of this re- 
port. and 1s shown 1x1 Figs 29 and 30 The 
test data obtamed 1s recorded L” Table V 

A peculxxr condltlon was observed on 
the P,per Cruuer When the shlelded lgnt- 
tmn system of “else suppressto” was used, 
a noLse peak of about 3 2 mlcrovolts at 114 
MC was observed when both magnetos were 
operattng simultaneously, but this was re- 
duced to about 0 8 mxrovolts when either 
magnetowas operat1nga1one This was found 
to be caused by a resonant condltlo” I” the 
leads to the Ignltlo” swatch It was fcund that 
dtsconnectmn of the safety ground wire, lead- 
mg from the magneto groundmg switch to the 
engine, corrected thts condttlon. as dtd the 
by-passmgof each swatch termmal to ground 
with 100 ppf condensers Presumably bond- 
mg the groundwre to the fuselage at a “umber 
ofpomts also wouldhave corrected the 
trouble although ,t was noted that bo”d,“g at 
only one pomt was of little value 

Navlo” (Continental Engme) 
The only “else-suppressm” system 

tested on the Navmn aIrplane was the sh,elded 
lgnltton system with whxh the axcraft was 
already equipped The antenna mstallat,o” 
o” th\s aircraft was that g,ve” ,n Fig 29 for 
Flight 9. of Stage II of this report The VHF 
“else levelwas foundto be of no consequence. 
as mdlcated I” Table VI 

CONCLUSIONS 

It 1s concluded that the Lgnltmn system 
1s the cause of most of VHF “oLse on light 
arrcraft Arcmg at the spark plug gaps 
see- to be the source of VHF Interference, 
andthe Ignltlonleads between the spark plugs 
andmagnetoradLate the “else energy created 
thereby 

It was found that the best method of VHF 
nolee reductlonwas shteldlng the tgnltlo” sys - 
tern. but that satisfactory performa”ce could 
be obtalned with resistance spark plugs By 

the use of resistance spark plugs, VHF “oue 
at the antenna termmals was reduced 9 9 db 
w,th the Lycommg e ng ~“e on the mock-up, 
15 1 db with the Lycommg englne on the Piper 
Cruiser. and 4 9 db with the Franklm engine 
on the Stmson Voyager 

STAGE VI 

FLIGHT TESTS 

The Stage VI work program called for 
fllghttests wdh three alrcraft to evaluate the 
performance of VHF noise-suppressto” sys- 
tems, anddetermme the srgnal-to-nolee ratlos 
obtatned These flight tests wlthfour types of 
aIrplanes were made I” Stage II of the work 
program and are descrtbed completely L” that 
sectmn of this report However. s,g”al-to- 
nose ratm measurements. made on only the 
required three aIrcraft. not reported L” Stage 
II. ~~11 be described here 

SIGNAL-TO-NOISE RATIO TESTS 

Technique 
S,gnal-to-no1e.e r at 10 measurements 

were made with the best VHF antenna mstal- 
latlons onthe Piper Cruiser. Stmso” Voyager 
and RyanNav,o” airplanes, usrng the shielded 
,g”,tlon method of “else suppresslo” The 
tests were made at the double course-wvldth 
distances with the alrcraft flying toward and 
awav from the range statlo” An average of 
the two readmgs thus obtamed was recorded 

The ERI-NARCO VHF “o1e.e meter was 
used mmaklng the actual ratIomeasurements 
The procedure was to note the relative “oae 
meter output readmgs obtaInedwIth the omnl- 
range statlo” 1” tune, and with the rece,ver 
tuned off any srgnals present Thus, the 
ratios obtamed are those of the audio voltages 
at the omnloutput Jack of the r e c e, ve r re- 
sultmg from restdual “otse level and the 30 
and 10,000 cps modulatmn of the omnlrange 
statmn 

Piper Cruiser 
The sIgnal-to-nmse ratro measured on 

the PIper Cruiser Installatto” of F 1 tght 2 

(Fw 29 and 30) was 7 4 db 

stlnson Voyager 
The signal-to-notse ratto measured on 
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the Stmson Voyager mstallatmn of Filght 6 

(Fw 29 and 32) was 5 4 db 

Ryan Navton 
The stgnal-to-noise ratlo, measured on 

the RyanNav~onmstallatlonof Flight 8 (Ftgs 
29 and 33) was 7 9 db 

CONCLUSIONS 

The sIgnal-to-noise ratios obtamed by 
themethod described give a pesslmtstK plc- 
ture of actual condltmns Inasmuch as they 
were made at apomt preceding the nmse 
llmlters m the receiver. and the ratios ob- 
tamedare those of noise peak voltages to the 
30 and 10.000 cps modulatmnon the VHF omnl- 
range statlon The measurements mdlcate 
that the slgnal-to-noise voltage ratm on all 
three alrcraft atthe double course-wtdth dls- 
tance 1s I” the order of two to one 

STAGE VII 

VHF RADIO INSTALLATION MANUAL 

Stage VII of the work program called 
for the preparation of a snnpllfved mstruc- 
tlo” manual on the reduction of radm nolse 
andthe lnstallatmn of VHF equrpment I” light 
aIrcraft Thus manual. entttled “VHF OMNI- 
RANGE RADIO INSTALLATION AND NOISE 
REDUCTION TECHNIQUES” 1s Included as 
Appendix I of thus report 

STAGE VIII 

FINAL FLIGHT TESTS 

Stage VIII of the work program called 
fornolse-suppress~onmstallatlons onTemco. 
Luscombe, Ercoupe, Cessna. Bellanca. 
Beechcraft. Navmn. PIper Cruiser and Stm- 
son aIrplanes, applymg the tecbnlques out- 
lmed m the VHF radio mstallatlon manual 
The mstallatrons were made on the designated 
atrcraft whIchwere subsequently flight tested 
The expertmentaltechnlque used 1s given un- 
der “Flight Tests” m Stage II of thts report, 
which also describes the flight tests and m- 
stallatlons made on the PIper Cruiser. Stm- 
son Voyager. Nav~on and Beechcraft a~- 
planes Addttlonal detatls are also given m 
Stage III 

An outlIne of the work done on the re- 
maunng ancraft ~111 now be given Table VI 
1s a complete summarrof all flight test data. 
and msome cases duplicates mformatlo” pre- 
vtouslypresented Table VII shows flLght pat- 
tern data not already shown 1” Table II 

FLIGHT TESTS 

Ercoupe. Fltght 13 
The NARCO VRA-1 VHF receiver and 

assocxated equIpmentwas mstalled m a Model 
415G Ercoupe ‘Ihe recelverunltwas mounted 
belowthe center of the mstrument panel, and 
the OBS dial and TO-FROM meter assembly 
were on an alummumplate over the right glove 
compartment openmg The power supply and 
omnlconverter untts were located on the fire- 
wall m the cabm A CAA V-109 antenna was 
mounted 26 mches behrnd the wmdshleld on 
the center lme of the alrcraft (Fig 43) 

Flight 13 was made usmg the atrcraft 
as s uppl I e d wlthout any noise-suppressmg 
devices UnsatLsfactory r e s u 1 t s were ob- 
tanned due to the h 1 g h lgnltmn noise level. 
the course-wtdth doublmg at only 25 m+es 

Ercoupe, Fltght 14 
Reststance spark plugs were Installed 

ontheErcoupe and Flight 14 was made under 
condltlons otherwise slmllar tothose of Flight 
13 Measurements on the ground usmg the 
ERI-Federal VHF noxse meter revealed that 
the VHF noise level at the antenna termmals 
was reduced from 44 to 25 mIcrovolts with 
the mstallatmn of reslstance spark plugs 

As canbe seen from the data for Flight 
14, Table VI, and from the antenna patterns 
1” Fig 44, satisfactory results were obtamed 
Greater forward sensltlvtty mdtcated m the an- 
tennapatterns apparently was not too severe 

Luscombe, Flight 15 
The NARCO VHF equipment was m- 

stalled on a Model BE Luscombe alrplane as 
shown I” Fig 45 The controls and mdlca- 
tars were located on the right side of the m- 
strument panel The power supply and modu- 
lator units, not vlstble m the photographlc 
view were mounted on the fIrewall above the 
rudder pedals The CAA V-109 antenna lo- 
catton, shown m Figs 43 and 45. was above 
the cabm, 34 Inches behmd the wmdshleld 

Prellmmaryfllghts with the Luscombe, 



TABLE VI 

Flqht Data Summary 

0 

2 

- 

54 

79 , 

- 

- 
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F,g 43 Antenna Locations for Stage VIII Flight Tests 
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Table VII 

Stage VIII Fl,ght Pattern Data 

i Volts -at output of ERI - NARCO VHF nw.0 meter 

Use wth Attenuator value and TaDle 7 to obtain RF Input 

usmgnonolse-suppressmndevxes. produced 
results wh,ch were almost satisfactory Re- 
slstance sparkplugs were mstalled. reducmg 
the Norse level at the antenna termmals, as 
measured on the ground with the ERI-Federal 
VHF no,se meter, from 19 to 1 7 mvzrovolts 
before Fl,ght 15 was made 

Excellent results were obtamed ,n all 
flight tests See Table VI and Fig 44 

Globe Swft, Flight 16 
The Globe SwLft aIrcraft used for fl,ght 

tests was one manufactured by the Globe Com- 

pany and 1s of the same type now bemg made 
by Temco Fig 47 shows the receiver ,n- 
stallatlon on the Sw,ft Model GClB AIrcraft 
whLch was flight tested The receiver un,t 
was mounted below the center of the mstru- 
ment panel and the OBS and TO-FROM meter 
assembly were on an alummum pane1 over the 
rqht glove compartment openmg The power 
supplyandomn~onverter units were mounted 
on side structural members above the r,ght 
rudder controls A CAA V-109 antenna was 
mounted on the center 1,ne over the cabm 
11 5 Inches behmd the wmdshLeld, as shown 
m Ftgs 43 and 48 

The alrcraftwas testedwtththe sh,elded 
Ignltmn system as mstalled at the factory 
Prelmxnaryno~se me as ure ments on the 
ground mdlcated that the Norse level was low 

Excellent results were obtamed on all 
flqht tests, the double course-wtdth d,stance 
bemg 55 m,les and readabIlIty llm,t 62 m,les 
See Table VI The flqht patterns, F,g 44, 
were almost Ideal 

Bellanca, Flights 17 and 18 
A Eellanca (Model 14-13-2) axplane w,th 

factory-mstalledshlelded lgmtlonsystemwas 
used in Flights 17 and 18 Fig 49 shows the 
VHF mstallatmn The i-ece~ver unItwas 
mountea below the Instrument panel, and the 
OBS dtalandTO-FROMmeter assembly were 
mounted on an alummum panel over the glove 
compartment openmg The power supply and 
omn,converter units were placed on the floor 
at the right m a temporary manner ACAA 
V-109 antenna w&s located above the cabn 

Just behmd the wmdshleld as shown ,n Figs 
43 and 50 

P rellm~nary measurements on the 
ground revealed a veryhqh VHF no,se level 
The DI fluctuated wildly during the mltlal 
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Ftg 44 Stage VIII Fltght Patterns 
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CESSNA FLISHT 20 
V-109 ANTENNA OVER OASlN 

Fig 44 (Contmued) 

warm-up, however. Fltght 17 was made, but 
with the generally unsatmfactory results in- 
dwated m Table VI 

An mvestlgatlon of the shvelded Ignltmn 
system revealed many loose connecttons 
Loose packmg nuts at both the magneto and 
spark plug ends of the tgnltron wlrmg were 
found The entIre shwlded Ignltton system 
was gone over carefully and repatred Meas- 
urements on the ground with the ERI-Federal 
VHF nolee meter revealedthat the Norse level 
was reduced to 3 3 mlcrovolts Flight 18 was 
then made The flight data, Table VI, re- 

veals that the double course-wtdth distance 
mcreased from 34 to 45 miles as a result of 
the repaws and that an acceptable mstallatmn 
was obtamed 

Cessna. Fltghts 19 and 20 
The recetver mstallatron shown m Fig 

51 was used on a Model 140 Cessna alrcraft 
for Flrghts 19 and 20 The receiver unit was 
mounted behmd a meter openmg at the upper 
right of the mstrument panel The OBS dial 
and TO-FROM meter assemblywere mounted 
on an aluminum panel eve* the left glove 
compartment openmg The omnlconverter 
and power supply units were temporarily 
mounted on the floor between the rudder 
pedals A CAA V-109 antenna was mounted 
on the center lme of the alrcraft above the 
cabm 10 mches behmd the wmdshteld as shown 
m Figs 43 and 52 Flight 19 was made be- 
fore any changes were made m the factory- 
mstalled shlelded lgnltwn system even though 
prelimmary ground measurements mdlcated 
ahlghVHF ~otse level As can be seen from 
the data m Table VI. poor results were ob- 
tamed 

InspectIon of the shlelded lgnltlon sys- 
tem revealed loose shield packmg nuts at the 
spark plugs and magneto The shmlded sys- 
tem was gone over c a r e f u 11 y and all loose 
connectuxns secured, after which the noise 
level, as measuredwlththe ERI-Federal VHF 
nome meter, was reduced to 1 7 mIcrovolts 
at the antenna termmals 

F 11 g h t 20 was made after the afore- 
mentmned repaIrs were made on the shtelded 
lgnltwn system The data m Table VI reveals 
that excellent results were obtamed, the double 
course-wdthdlstance havmg mcreased from 
35 to 47 miles The antenna patterns, Fxg 
44, show rather small lobes to the rear. but 
this dldnot prevent the obtammg of acceptable 
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Fig 45 V-109 Antenna on Luscombe 

- 

FLg 46 Luscombe Receiver Installatmn 
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Fig 47 Swift Krrc~ver lnstallat~on 

Fq 48 V-109 4ntenna on Sw,ft 
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Fq 50 V-109 Antenna on Belhnca 
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Fq 52 V-109 Antenna on Cessna 
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flqht performance 

CONCLUSIONS 

The flqht tesrs reveal that satisfactory 
VHF ,nstallatmns can be made on lqht alr- 
craft by followmg the recommendat,ons out- 
lmed in the VHF radio mstallatmn manual of 
Stage VII A good V antenna locatmn on most 
l,ght aIrcraft LS over the forward part of the 
cabm on the center lme of the axcraft Of 
the n,ne aIrcraft tested. on only one was a 
better antenna locatron found (tall-cap loca- 
t,on of the Navmn) 

The exact locatIon of receiver compo- 
nents ,s not crLtlca1 In none of the nn,e air- 
craft was tt found necessary to change the 
receiver locatmn to obtam satisfactory noise 

reduction 
Employment of resistance spark plugs 

~~11 provide satxfactory lgmtmn noise re- 
duct,on in most aIrcraft, prowded the VHF 
receiver has properly desqned Norse lxnlter 
clrcults However, the best system of Norse 
suppression appears to be the shIelded lgrntmn 
system A dLsadvantage of shrelded qn,tmn 
systems 1s that they are meffect,ve unless 
good electrIca and mechanical connections 
are mltmlly made and mamtamed 

Mentmn was made of near-acceptable 
performance be,ng obtamed on the Luscombe 
wlthout any no,se-suppressmg accessories 
Th,s was undoubtedly due to such details as 
the good overlappmg contact made along the 
edges of the cowlmg cover (Fq 53) 
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F,g 53 Luscombe Cowlmg 
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APPENDIX I 

VHF Radm Installatmn Manual 
for 

VHF Orm,,range Radio Installatm” and 
Nolee Reductmn Tech”lques 

INTRODUCTION 

Th,s VHF radm mstallatmn manual 1s 
a brief presentatmn of equtpment mstallatmn 
and radm noise-reductmn techntques- An- 
tenna locatmns g,vl”g good signal and good 
omnlcourse character,stLcs are shown for 
nme types of l,ght alrcraft The radm equip- 
ment locatmn, which us comparatively non- 
crItIcal. has been omitted 

VHF NOISE REDUCTION 
IN LIGHT AIRCRAFT 

The General Problem 
Noise m VHF (very htgh frequency) 

radm r e c e IV e r s 1s produced by electrIca 
arc 5 m the proxu”lty of the recelvmg a”- 
tenna Thus on aucraft the contmuous arcing 
or sparkmg that necessarily occur s at the 
sparkplugpomts causes anequally contmuous 
no,se ,n the VHF receiver Other electrxal 
equipment can also cause VHF “else. but It 
has been expertmentally determmed that al- 
most all VHF Interference on light airplanes 
IS due to arcmg at the spark plugs 

The VHF no,se produced by this arcmg 
1s r ad I ate d mto surroundmg space by the 
wires connected between the spark plugs and 
magneto The lgnltmnw1res performthe same 
functmn as far as noise 1s concerned, as does 
the transmlttmg antenna at a radm statlo” 
Thus, the VHF recelvlng antenna on the aw- 
craft picks up the Norse radiated by the rgnt- 
tmn wlre.5 

The general problem, then, 1s to place 
the VHF recetvtng antenna at a point on the 
airplane where It ~111 have the greatest pos- 
stble sensltlv~ty for desired signals and a 
“-,,nxnum response to “o,se radiated by the 
Ignltmn system. and to do everythmg pos- 
stble to reduce radlatmn at Its source When 
these requirements are met, excellent per- 
formance can be expected from VHF “mm- 
range receiver mstallatmns up to slxghtly be- 
yondlme-of-sIghtdIstances from the sendmg 
s tat I on s (about 45 miles, at an altitude of 
1. 000 feet and up to 80 m&s at higher alto- 
tudes) 

Antenna Locat,on 
The best locatmnfor the VHF V recelv- 

,ng antenna on most small aircraft 1.5 OYer 
the forward part of the cabm The antenna 
should be mounted so that the apex of the V 
pmnts forward. and so that the pla”e of the V 
1s horlaontal m level flight A 1ls.t of some 
antenna locatmns on a number of popular 
small alrcraft glvmg the distance back of the 
wmdshuzld L” Inches follows 

piper 7 
sw1tt 11 
Ercoupe zb 
Bellanca 4 
st,nson 13 
Luscombe 34 
Cessna 10 
Beech Bonanza 35 
N?LVlO” 6 to 10 I” abovetad cap 

(With CAA Approval) 

Figs 54, 55 and 56 are outllnes of 
these a 1 r p 1 a ne s mdlcatmg the antenna lo- 
catmns ln applying this rnformatmn 1” prac- 
ttce It LS unportant to see that other metal 
protrus lO”S, such as antennas. on the air- 
plane are at least two feet away from the VHF 
V The lead-,,, between the antenna and the 
rece,ver should be of the type recommended 
for use wulthtbe parttcular equipment mvolved, 
and runby as short and direct a route as con- 
vencently possible 

Reststance Spark Plugs 
0” most airplanes havmg unshielded 

lgnltlon the “cats= radiated by the Ignltmn sys - 
temcan be reduced to a satisfactory level by 
the mstallatwn of resistance spark plugs of 
a type approved for the engme These plugs 
greatly reduce the VHF noise voltage on the 
1 g n L t I o n wires , and consequently the VHF 
noue radmtmns However, 5 cl me lgnltlo” 
notse may be heard m the phones or speaker 

Shwlded Ignltwn Systems 
Many modern airplanes are “ow factory 

e q u 1pp e d w,th shIelded tgnltmn systems 
Shwldmg kits and accessorws are avaIlable 
for mstallatmn on other atrcraft 

Shielded lgnltmn systems have the ad- 
vantage over resrstance spark plugs of gtvmg 
more complete VHF nmse suppresston HOW- 
ever, they are more expensive and dlffwult 
to Install Shleldmg the lgnltton system en- 
cases 1” metal all parts of the clrcults which 
might radiate VHF “else Specml spark plugs 
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must be mstalled. and lgnltmn wire havmg a 
metallic-bratdcoverlng and special end con- 
nectors must be used between the spark plugs 
andmagneto A shielded metal cover for the 
magneto 1s alsonecessary Insulating 
wash e r s must not be used between matmg 
surfaces of shteld connectors and the con- 
nectors mustbe tight All connecttons should 
be permdlcally Inspected to Insure that they 
are mechanically and electr,cally good 

Practical Appllcatlon of Noise-Reducmg 
Techniques 

On atrcraft equipped wvlth shlelded lg- 
n,t,on systems 

(1) Ins t a 11 VHF recelvmg equipment as 
recommended !n mstructlon b o ok supplwd 
therewrth Proper shock mountmg of the re- 
celver LS highly recommended smce excessive 
vrbratwns may cause erratw operatmn es- 
pec~allyatgreaterdlsiances fromthe statmn 

(2) Install V antenna as recommended in 
the Antenna Locatmn sectmn and the figures 
of thw, pamphlet 

(3) Inspect shlelded tgnltmn system to be 
sure that all connectIons are electrically and 
mechanlcally secure 

On alrcraft not equipped with shtelded 
lgn1tlon systems 

(1) Install VHF recelwng equipment as 
recommended m mstructmn b o o k supplled 

therewlth Proper shock mountmg of the re- 
celver 1s recommended for I e as on s stated 
previously 

(2) Install V antenna as recommended m 
the Antenna Locatmn sectmn and the figures 
of this pamphlet 

(3) Replace all spa r k plugs with 10. 000 
ohm reslstor plugs of a type approved for the 
eng,ne 

Interference other than rgnltmn noise 
In case e 1 e c t r I c a 1 noise still exists 

after followmg the mstructmns. Inspect the 
voltage regulator and generator to determme 
that they are L” good op e r at 1” g condltmn 
W ore s associated with the zgnltlon system 
should not be paralleled and tied to other 
electrical wiring 

Interference from electrical equipment 
other thanthe lgnltmn system 1s usually much 
less thanthatproduced by the Ignltmn system 
,tself In vLew of thus fact, and smce there 
are other publlcatmns wh\ch deal with these 
problems m great detail. no attempt to out- 
lme corrective measures has been made in 
thw manual If Interference other than lgnt- 
tmn noise 1s encountered. reference may be 
made to Stage V of the mam report or to the 
following publxatron 

“Elmxmatmnof RadmInterference ln Atr- 
craft - NAVAER 16-50-517” March 1, 1946 



Bellanco Ryan Nowon Model 1949 Plper Cruiser 

F,g 54 Locatron of V-109 Antenna on Aircraft 



Luscombe Swift Ercoupe 

Fig 55 LocatIon of V-109 Antenna on Amcraft 



SMSO~ voyager Model 150 
Beech BonOnZO 35 

Cessna 
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APPENDIX II 

AddItIonal Flight Tests 

Due to the results obtamed m Flight 10 
us,ng a NARCO antenna. It was deemed ad- 
vlsable to make further tests of this antenna 
at the TechnIcal Development and Evaluation 
Center 

A V-109 antenna was mounted over the 
hatch of a DC-3 a,rcraft and tests Nos 2, 3 and 
5 as descrtbedunderStageI1. “Fhght Tests,” 
of thw report were made. usmg NARCO re- 
celvlng eqxnpment This antennawas then 

r e move d and a NARCO antenna mounted u, 
the same positton The same flight tests 
w e r e repeated, usmg the same equpment 
and the same VOR stat,on 

For further compar,son. a Cessna 140 
and a StmsonVoyager havn-,g NARCO antenna 
and rece~vmg equpment a 1 r e ad y mstalled 
were used m obtammg data on the flight tests 
mentvaned prevuxsly 

The results of these flights are shown 
in Table VIII It 1s concluded thatwIth proper 
na1s.e suppression and antenna locatron. the 
NARCO antenna performance w,ll be nearly 
equvalent to that of the V-109 

GPO 81-102100 


