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PREFACE

This project was mnitiated to develop
methods of utilizing VHF radio equipment
in light arwrcraft
of aircraft radio apparatus in the navigation-
communication band from 108 to 123 mega-
cycles requires the use of new aircraft equip-
ment design, installation, mawntenance and

Successful performance

operating techniques
problems are the primary concern of the en-

The equipment design

gineer who mustsolve them prior to the man-
ufacture of the apparatus The airborne VHF
navigation-communication recewver and VHF
transmitter present the airplane manufacturer,
the repair station, the owner and the pilot
of the airplane with new egqmpment utiliza-
The aircraft installation
problems, which occur i1n new aircraft and
mntransition from low frequency to VHF radiwo
apparatus in alrcraft now flywng, are the ma-
Jor consideration of this report Good VHF
radio equipment combined with good VHF
radio installations will permait aircraft oper-
ating at 1,000 feet or higher to recewve re-
liable nawvigation and communication signals

tion techniques

from the wvisual ormmnmidirectional radio range
stations now being installed by the Federal
Airways A sufficient number of these VOR
stations will be installed to provide continu-
ous VHF signal coverage to aircraft operating
anywhere within the couniry The VHF air-
craft radio flight standards used for the pur-
poses of evaluating this report establish a
gauge which may be used by the pilot and by
technical personnel After the final imple-
mentation of the omnirange ground station
program, aircraft VHF installations comply=-
g with these mimimum flight standards will
be capable of recelving continuous navigation
and communication signals for all geographic
positions of aircraft flying above 1, 000 feet
In order to best serve the interests of
the lLight plane owner an economical answer
to these problems was sought Accordingly,
Electronics Research, Inc¢ of Evansville,
Indiana, was pgiven the task of carrying out
this projectunder the sponsorship of the Civil
Aeronautics Administration and their final
report comprises most of this publication
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THE DEVELOPMENT OF TECHNIQUES FOR THE UTILIZATION
QF VHF RADIO IN LIGHT AIRCRAFT

INTRODUCTION

This reportis a description of the work
done by Electronics Research, Inc in ful-
filling Contract C13ca~-235 of March 4, 1949,
with the Civil Aeronautics Administration
The contract called for the development of
techniques to simplify the utilization of VHF
radio equipment 1n light aircraft

The work program was outlhined in the
contract as follows

STAGE 1

The Contractor shall modify or other-
wise extend the range of an acceptable type of
low frequency field strength and noise meter
to make accurate measurements of noise 1n
the 108-126 Mc band This equipment also
shall be modified to permit normal operation
with a 12 or 24 v filament supply and mntor
generator, vibrator or dry cell plate supply

An audio frequency noise meter also
shall be modified for operation from the above
power supplies

STAGE II

A study pertaining to the placement of
readily available types of VHF antennas on
eachofthree aircraft shall be made to deter-
mne the best location of these antennas for
nolse reduction, ommdirectional pattern and
overall efficiency Propeller modulationalso
shall be studied 1n any trial installations where
this effect 1s Iikely to manifest itself Loca-
twons such as fin top, fuselapge, wing, etc
shall be studied Satisfactory routing of an-
tenna coaxial lead-inand structural problems
concerning antennas also shall be considered
Recommendations shall be made as to type of
cables to be used as well as their lengths

STAGE II1

{a) All convenient locations for the VHF
recewver within the three atrcraft shall be
studied to determne the best locations with
respect to noise reduction Various routes
for the receiver power control and cutput leads
shall be studied to determine good or bad
paths with regard to noise pickup

(b} Measurements shall be made at each

location to determine alternate satisfactory
locations 1n addition to the optimum location

STAGE IV
A mock-up of a typical light aircraft
electricalsystemshall bemmade This mock-
up shall consi1st of a device to simulate a
four or six cylinder opposed-type engine and
a metal frame to hold those parts of the system
not mounted on the engine The mock-up en-
gine shall be provided with spark plug re-
ceptacles, power take-offs for magnetos, etc ,
and shall be comstructed so that a minimum
of time will be required to substitute mag-
netos, generators, etc {for test purposes
STAGE V
A complete study of unshielded ignition

systems shall be made, and techniques in bond-
ing shall be studied with the view to reducing
noise n unshielded 1gnition systems

{a) A study of each electrically operated
partinthe aircrafi and 1ts contribution to the
total noise shall be evaluated

{(b) Benchtests and mock-up of the entire
electrical system of the aircraft and applica-
tiontests and system evaluation tests 1n flight
shall be made to determine whether a satis-
factory installation can be made with an un-
shielded 1gnition system

{c} A study of shielded ignition systems
shall be made on the three engines, and the
reduction of noise between the shielded and
unshielded 1gnition systermns shall be evaluated
and information submitted to the Civil Aero-
nautics Administration

(d} Asystemofshielding for each 1gnition
system on each engine shall be designed for
each aircraft

STAGE VI
Flight tests shall be made in light air=

craft utilizing three types of engines to deter-
mine the results obtained by the Contractor,
and the following information shall be sub-
mitted

(2) The signal-to-noise ratio measured
in all test aircraft

(b} The overall performance of the VHF
equipment and the aircraft antenna Per-



formance will be tabulated in the 108 to 126
Mc band, at a range of 45 miles and 1, 000
feet altitude

STAGE VII

A "VHF Radio Installation'' instruction
manual shall be written containing instruc-
tions for the installation of VHF radio equip-
ment and the application of noise-reducing
techniques to light aircraft

STAGE VIIL

The Contractor shall apply the tech-
mques developed to the following types of air-
craft Temco, Luscombe, Ercoupe, Cessna,
Bellanca, Beech, Navion, Piper Cruiser, and
Stinson Installations shall be 1n accordance
with the YVHF 1nstallation instruction manual
These installations shall be used to demon-
strate the overall value of the developed meth-
oda 1n the installation of VHF 1in these types
of aircraft, and to check the instruction man-
ual for errors and deficiencies

SUMMARY

Two types of VHF noise intensity me-
ters were constructed by modifying standard
equipment The first was made by adding a
VHE converter and metering circuits toa Fed-
eral Model 101B Field Intensity Meter The
second was obtained by using an audio fre-
quencynolse volimeter with a NARCO VRA-1
VHF Aiwrcraft Recewer and associated equip-
ment
experimental work A full-scale mock-up of
a typiwcal small aircraft igmition system was
constructed for use in VHF noise studies

Scale model antenna studies and flight
tests were made to determine the best loca-
tion for the VHF receiwving antenna on smail
awrcraft It was found that the best location
for V-type antennas on most airplanes, from
a pattern standpoint, was over the forward
part of the cabwin

These instruments were userd 1n later

Ignition-noise studies were made, using
the mock-up and actual arrcraft, resulting in
the following conclusions

{1} Themaincause of VHF interference on
lightaircraftis arcing at the spark plugs and
subsequent radiation by the high-tension leads
connected thereto Other contributions to the
VHF noise level may be made by the battery
charging generator and by other electrical
devices

(2) The location of the VHF receiver and
the length of the antenna transmission line 1s
not critical 1n small aircraft if the aircraft
antenna 1s desi1gned to be properly terminated
by the line and recewer

(3) The use of resi1stance spark plugs
without shielded harness provides an econom-
ical means of ignition-noi1se suppression. Sat-
tsfactory VHF communication and navigation
signals canbe received atdstances of 45 miles
when the aircraftis 1,000 feet above the ground
1f the VHF receiver contains properlydesigned
noise limiting circuits

(4) Mostcomplete VHF noise suppression
1s obtained with a properly maintained
shielded 1gnifion system

A manual of equipment installation in-
structions entitled, "VHF Omnirange Radio
Installation and Noise Reduction Techniques"
1s given 1n Appendix 1

STAGE 1

INSTRUMENTATION

Stage I of the work program included
the modification of a low-frequency field
strength meter for noise intensity measure-
ments 1n the range 108-126 Mc to operate on
12 v dc power supply, and the construction of
an audioc noise meter

First a Federal Model 1018 Field In~
tensity Meter was altered to functionas a VHF
noise meter Later amore useful instrument
was developed by modifying a NARCO VRA-]
VHF Aircraft Receiver for use with the audio
noise meter A description of both modified
equipments follows

Modification of Federal
Field Intensity Meter

The Federal 101B Field Intensity Meter
selected for modification consists essentially
of a radio receiver whose sensitivity can be
calibrated by means of an integral signal gen-
erator Plug-in loop antennas are available
for the frequency ranges 200-400, 550-1600,
1600-3600 and 3600-7000 kc

The following changes were made 1n
this 1nstrument to adapt it for use 1n making
noise intensity measurements inthe frequency
range 108-126 Mc See Figs 1, 2 and 3

1 Anexternal VHF converter for the laop
antenna socket of the field intensity meter
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was constructed This converter uses a pair
of 6J4 tubes wn a push-pull grounded-gnid
input circuit to provide a good termination
for a 100-ohm balanced transmission line
These 6T4's feed a 6J6 first mixer stage having
an mmtermediate frequency output of 30 Mc
A 6C4 15 used as local oscillator for the first
A stage of 30 Mc intermediate fre-
quency amplification using a 6AKS5 tube, and
6BE6 second muxer-oscillator with an inter=-
mediate frequency output of 3 5 Mc for the
field intensity meter are provided

2 The power supply 1n the field intensity
meter was replaced by a Mallory Type VP-G
556 Vibrapack to perm1t operation from a
12-v aircraft battery

3 Avacuum=-tube voltmeter weighing cir=-
cuit was incorporated in the basic field inten-
sity meter with provision for switching 1t into
th= output of the detector to measure peak
noise Volimeter time constants of 10 milli-
seconds on charge and 600 milliseconds on
discharge were provided

4 TFilament and plate voltage regulating
rheostats were added A connector was 1n-
stalled to provide plate and filament voltage
to the external VHEFE converter

5 Three fixed plug-in input attenuator
pads were constructed to insure linear opera-
tionwithhigh radio frequency input voltages
A balun for unbalanced input transmission
lines and a current probe to aid i1n the loca-

mixer

tion of noise signal sources were also pro-
vided Schematic diagrams of these acces-
sorles are included 1n F1g 3

The modified equipment, hereafter re-
ferred to as the ERI-Federal VHF noise meter,
has better than one microvolt sensitivity 1n
the range 108-126 Mc, sensitivity being de-
fined as the unmodulated radio frequency 1nput
required to double the meter deflection due
to residualnoise Imapge responses are down
approximately 35 db The bandwidth 15 less
than 10 ke, himiting the usefulness of the in-
strument in the VHF region

Modification of NARCO VHFE Receiwver

Lattle d1fficulty was experienced 1n
modifying a NARCOQO (National Aeronautical
Corporation} Model VRA-1 VHF Receiver to
functionas a VHF noise intensity meter How-
ever, 1t was found that satisfactory results
could not be obtained by simply connecting an
audio nolse voltmeter across the receiver audio

output, mainly because of the noise Limiting
and ave circuits Other modifications were
investigated and the system which proved sat-
1sfactory involved using an audio noise voli-
meter at the omnioutput jack of the NARCO
Recewver Therecewver ave circuit was dis-
abled by shorting condenser C33, Fag 4
This method required the construction of an
external audio noise meter Two types of
audio noise meters were built and are de=
scribed herein

Audio Noise Meters

Any high-impedance audio frequency
voltmeter having the proper damping and fre-
quency characteristics 1s satisfactory for em-
ployment with the NARCO Recetver as cutlined
previcusly The meter damping required 1n
a2 study of aircraft ignmition noise 1s related to
the speed of the aircraft engine 1nvolved, the
noise consisting essentially of sharp pulses
produced by the magneto Suitable damping
constants are a 10 rmullisecond rise and 600
millisecond decay time for the indicating
meter

The first type of audio frequency noise
meter constructed employed a weighing circuit
having the aforesaid time constants, and was
designed for use with an external vacuum-
tube voltmeter such as the RCA Voltohmyst
SeeFi1gs 5Aand 6 In this circuit the charge
time 1s determined by R1 and C2 and the dis-
charge time by R2and C2 The condenser Cl
s necessarytoblock the dc voltage appearing
at the omnijack of the NARCOQ Receiver The
diode D1 serves as a dc restorer mamntaining
negative voltage pulses The series diode
D2 1s used to permt charging of condenser
C2 through the low impedance path R1, and
to maintain the high resistance discharge cir-
cuit for this condenser

The second audio frequencynoise meter
constructed consisted of the weighing circuits
Justdescribed and a battery-operated vacuum-
tube voltmeter contained 1n a single case Qut-
put termainals were provided for an external
100 microampere meter, such as 1s available
in the Simpson Type 260 Multimeter, to be
used as an indicator See Fipgs 5B and 6 A
two position switch, S1, provides full-scale
sensitivities of 2 5 and 10 v

Performance Tests
Linearity and frequency-response tests
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were made on the vacuum-tube audio fre-~
quency nolse meter just described, using a
Hewlett-Packard Model 200D Audio Oscillator
and a Measurements Corp Model 62 ac Voli-
meter These tests confirmed that the in-
strument was linear over the range of the 100
microampere cutpui meter employed {Simpson
Model 260) Thefrequency response was flat
from 500 to over 10,000 cps and was about
3 db down at 45 cps

Anoverall linearity check was made on
the NARCO Receiwver and vacuum-tube noise
meter, using a Measurements Corp Model
80 Signal Generator as a standard signal
source Information was obtained for the
curve Faig 7

STAGE U1
ANTENNA LOCATION STUDY

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

of VHF antennas on three aircraft to deter-
mune the best locations for noise reduction,
radiation pattern and overall efficiency The
effects of propeller modulation were considered
in those antenna locations which appeared
vulnerable to this effect Lead-in problems
were also studied

An extensive scale-model antenna-
pattern study was made of the CAA Type
V-109 antenna on the Piper Crmser This
was followed by flight tests nvolving 2 num-
ber of antenna installations on the following
four types of aircraft Piper Cruiser Stin-
son Voyager, Ryan Navion and Beechcraft
Bonanza

PIPER CRUISER MODEL STUDY

Technique

It 15 well known that it 1s difficult to
make accurate antenna-pattern measurements
onactualaircraft, but that acceptable results
cen be obtained in studies mvolving scale
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model technique made it relatively easy to

models of the aircraft and proportional scaling
of the wavelengths associated with the antennas
mnvolved Inorderthatthe most advantageous

location for the CAA V

check the performance of a large number of

antenna arrangements (Fig 9) on the Piper

Cruiser

109 antenna on the

The arrcraft scale model antenna meas-
uring range employs suitable receivers and

transmitters for the frequencies used

Piper Cruiser aircraft might be ascertained

a 1/12 size scale model of the aircraft and

antenna was made

The

A model of this s1ze was

model being tested 1s mounted on an 1nsulated

suitable for use on the model range of Elec-

tronics Research, Inc

pedestal and rotated in the desired plane by
means of an electrical and mechanical system
The model aircraft and antenna under study

1s rotated through 360° planes around three

since the pattern

measurements could be made at 12 times the

normal operating frequency of 118 Mc or

420 Mc See Fig 8 This

approximately 1
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axes n a umformly 1lluminated radio fre-
quency field at the scale wavelength to obtain
the spherical performance of the antenna
Automatic recording of the scale model an-
tenna signals continuously plots the received
antenna voltage throughout the rotationin each
plane The plane and axis terminoclogy used
mn making polar antenna patterns is given 1n
Fig 10 On antenna patterns, the word
"cross" used to describe polarization of an-
tennas indicates that the polarization of the
transmitting antenna 1s vertical with respect
to the horizontal receiving antenna This 1s
ameasure of the aircraft antenna response to
cross=-polarized signals

In examining the antenna patterns shown
in this report, 1t 15 well to keep 1n mind the
characteristics desired 1n a VHF aircraft
antenna The pattern in the horizontal plane
{(Plane 1, Fig 10) should be free from deep
nulls, and the si1gnal pickup in the forward
and rearward directions should be com-
paratively uniform and of a high level The

signal pattern in the vertical planes (Planes
2 and 3, Fig 10) should be free from deep
nulls for at least 15° below the horizontal The
antenna response to cross-polarized signals
should be at a minimum

CAA V-109 Antenna

The first 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 characteristics of
this conventicnal type of anienna

Fig 11 showwng the patterns obtained
on the V-109 antenna confirms that it has
acceptable characteristics Pattern 1 for the
horizontal plane (Plane 1, Fig 10) shows
that the response 15 concentrated fore and aft
as desired Pattern 1B for the fore-and-aft
vertical plane (Plane 2, Fig 10) shows the
desired freedom from downward nulls, but that
about half of the antenna pickup i1s directed
uselessly inan upward direction Pattern 1D
for the vertical plane athwartship (Plane 3,
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Fig 8 Piper Cruiser Model Test

Fig 10) shows most of the received energy
is from below the aircraft with nulls to the
side which are somewhat deeper than desired
Cross-polarizationmeasurements for the
three planes, Patterns 1A, 1C and 1E indicate
that cross-polarized radiation 1s negligibly
small

CAA V-109 Antenna Without Pedestal

The wvertical supporting pedestal was
removed fromthe V-109 antenna exposing the
balun and a pattern study similar to that on
the complete antenna was made The patterns
obtained (Fig 12} show that receiving char-
acteristics were not impaired by the altera-
tion This canbe seen by comparing the cor-
responding curves mn Figs 11 and 12 A
small increase 1n creoss-polarized radiation
in Plane 1 and Plane 2 was measured, along
with a small decrease in Plane 3 The in-
creased cross-polarized signal reception in
the modified antenna was probably due to the
exposedbalun The modified antenna appears
to be satisfactory

V-109 Antenna on Piper Cruiser Model,
Location 3

Pattern measurements were made with
the 1/12 scale model of the Piper Cruiser
and V-109 antenna with the antenna at a point
above the forward part of the cabin {Location
3, Tig 9) The paiterns obtained are given
mFig 13 for comparison with the free-space
patterns for the same antenna (Fig 11) Pat-
tern 3 for Plane 1 1s similar to the free-space
pattern and 1s satisfactory While the pat-
terns show large upward lobes, there still 1s
appreciable reception m useful directions
Pattern 3D, with deep downward nulls, again
indicates shielding by the fuselage Thecross-
polarization patterns, 3A, 3C and 3E, aresat-
isfactory Patterns 3F and 3G were taken
with the aircraftin a position simulating flight
directly toward and away from the 1llumina-~
ting antenna with the aircraft rotating on its
fore-and-aft axis (Axis 4, Fig 10)simulating
a 360° roll of flight These two patterns are
not of great significance, the nulls bewng due
to cross polarization

The patterns of Fig 13 indicate that
this antenma location (Location 3, Fig 9) s
satisfactory There1s considerable shielding
by the metal structure of the aireraft, causing
appreciable useless upward antenna sensi-



NOTE

LocaTions (1) & (2) (NOT SHOWN)
ARE FOR FREE-SPACE
MEASUREMENTS ON THE

V=109 ANTENNA

Fig 9 Antenna Test Locations on Piper
Cruiser Model

tivity

V-109 Antenna on Piper Cruiser Model,
Location 4

Fig 14 gives the patierns obtained with
the V-109 antenna mounted just back of the ca-
bin onthe Piper Cruiser {(Location 4, Fig 9}
The patterns show that this location 1s a poor
one because of the deep nulls to the rear in
Patterns 4 and 4B and the comparatively large
cross=-polarized pickup shown in Patterns 4A
and 4E

V-109 Antenna on Piper Cruiser Model,
Location 5

Fig 15shows the patterns obtained with
the V-109 antenna mounted on the Piper

12

Cruiser Model at a pointat the top of the sta-
ttonary section of the vertical stabilizer (Lo-
cation 5, Fig 9) Inasmuch as this location
hadbeenused onlarger aircraft with good re-
sults, 1t was thought desirable to investigate
this positioa for the antenna on the Piper
Cruiser

The model range measurements indi-
cate that this location 15 unsatisfactory due
to the deep forwardnull in Patterns 5 and 5B
Pattern 5D, by itself, indicates generally
acceptable characteristics

V-109 Antenna on Piper Cruiser Model,
Location 6

Patterns obtained with the V-109 antenna
mounted above the vertical stabilizer on the
Piper Cruiser (Location 6, Fig 9) are given
in Fig 16 This installation would be rather
impractical on a Piper Cruiser because the
whole top portion of the vertical stabilizer 1s
part of the hinged rudder, but a sumilar lo-
cation might be available on other makes of
aircraft

The patterns s how that Location 6 1s
muchbetter than Location 5, butalso has sev-
eral undesirable characteristics The con-
centration of antenna sensitivity toward the
rear shown in Pattern 6 and the deep forward
null in Pattern 6B are hardly acceptable
Cross-polarization sensitivity (Patterns 6A,
6C and 6E) 15 acceptably small

V-109 Antenna on Piper Cruiser Model,
Location 7

Fig 17g1ves the patteins obtained with
the V=109 antennz mounted below and behind
the cabin, flush with the fabric skw on the
Piper Cruiser (Location 7, Fig 9) An an-
tenna of this type could be painted on the fabric
with conducting paint or consist of a metal
fo1l element on the fabric

The deep forward nulls and 1rregulari-
ties in Patterns 7 and 7B make this location
unacceptable Response to cross-polarized
signals (Patterns TA, 7C and 7TE) 1s too great

V-109 Antenna on Piper Cruiser Model,
Location 8

The V-109 antenna was mounted at a
position gn the upper side of the port wing of
the Piper Cruiser (Location 8 Fig 9) Agawn
the antehna elements were flush with the fab-
Fig 18 gives the results obtained at
this nstallation

ric



13

ZENITH

iy

AXIS ¥ g

PLANE # 2

| Ay

aos AXIS # 4 ﬂ
|\

PLANE ¥ ) A0 e
-
.
’d
”
%*b ”
N\ .7
NV e -
NADIR
PLANE OR AX!S MANEUVER TO PRODUCE PATTERN
* | = HORIZONTAL PLANE 360° ROTATION AROUND ZENITH- NADIR AXiS #§
*2 = FORE & AFT VERTICAL PLANE 360° ROTATION AROUND 90° — 270° AXIS ¥8
#3 = ATHWARTSHIP VERTICAL PLANE 360° ROTATION AROUND O0° —I80° AXIS ¥ 4
#4 = FORE & AFT ROTATION AXIS
%5 = ATHWARTSHIP ROTATION AXIS
#8 = VERTICAL ROTATION AXIS

PATTERNS FOR PLANE # | ARE MADE BY ROTATING AIRGRAFT OR ANTENNA ABOUT
AXI1S ¥ 8 WHILE THE RADIATED SIGNALS FROM AN EXTERNAL SOURGE ARE PROP -
AGATED ALONG AaAXIS ¥ 4

PATTERNS FOR PLANE #*2 ARE MADE BY ROTATING AIRCRAFT OR ANTENNA ABOUT

AX1S ® 3 WHILE THE RADIATED SIGNALS ARE PROPAGATED ALONG AXIS ¥ &
PATTERNS FOR PLANE #3 ARE MADE BY ROTATING AIRGRAFT OR ANTENNA ABOUT

AXiS %4 WHILE THE RADIATED SIGNALS ARE PROPAGATED ALONG AXIS # &
NORMAL PATTERNS USE HORIZONTAL POLARIZATION OF RADIATED SIGNAL .
"CROSS" PATTERNS USE VERTICAL POLARIZATION OF RADIATED SIGNAL

Fig 10 Plane And Axi1s Termunology for Aircraft Antenna Field Patterns



14

\“ ,!,'!",I"O‘O‘“

<
RS SN
Wil e i
J 3 y 3 ( ‘ “ -
o ===
i "“i{‘\\\\‘\‘%‘é-'sﬂg-.
oy
N,

ANTENNA TYPE  Frae Space Of ¥ WIIh Pedeslol ANTENNA  TYPE  Feme Spoce O ¥V Wilh Pedesiol
ATTERN ha | FRTTERN MO | A

I
aMs OF ROTATIN  No 6 ANS OF ROTATION  Na &
POLIRZATION OF ANTERMA Plaia No | ROLARZATION OF ANTENNA Piane No | Gross
FREQUERCY {5 Mc FREQUENCT 115 M: |
| |

ANTENNA  TYFE  Free Space OF V With Pedesial
PRITERN NG (B

4
/
4 AXS OF ROTATDN  Nop 5
/ POLARZATION OF ANTENMA Plans No 2
@ FREQLENCY 115 Mc
b

Fig 11 CAA V-109 Antenna Free-Space Patterns




15

MTEMNA TTPE  Frea Spoca OF V¥ Wilh Pedesial

FRTTERN M1 12

AS OF ROTATON g 5

FOLARRATION OF ANTENNA  Plone No 2

FREQUEMCY 115 Mc

NS

i

ST
41

ANTEMNS TYPE  Free Space O V #ith Pedestal
FTTERN NO | E

AXS OF ROTATION Ko 4

POLARZATION OF ANTENNA  Pline No 3 Gross
[FrEcENy 115 Mo

Fig 11 (Continued)

SHOWNG  AKIS a
N ce ¥ Wilh i
' PITERN M D
j /1 AN OF ROTATEON No 4
Cross v POLARZATION OF ANTENNA ne
Q FREQUENCY |15 Mc




\ W

=

N
N

l

|
I

/f

IS=
W

16

ANTENNA TYPE Frea Space Of V' Wilhoul Pedestal

FATTERN MO 2

ANS OF RJTATDN  Na 6

POLARIZATION OF ANTEMNA  Flona Mo |

FREQUENGY |15 Mc

I
7%
7

ANTENMA TYPE Fres Spoce OF ¥ Wilhoul Pedestal

FTTERN MO, 2 A

AKIS OF ROTATDN No 6

PILARIZATION OF ANTENNA  Plans Mo | Cross

FREQUEMDY |15 Mc

ANTENNS TYFE Frsh Spaca Of ¥ Withoul Pedasiol

PTTERN MO 2 8

AXiS OF ROTATON No 8

POLARZATION CF ANTENNA Plana Na 2

FREQLEMCY |18 Mo

Fig 12 CAA V-109 Antenna With Pedestal Removed




17

ANTENWA TYPE  Frea Space OF ¥ Withoul Pwdasial

ENTEMMA TYPE  Frea Space Of ¥V Wilhoul Pedestal

FATTERN NQ 2

FRTTEAMN M. 2 D

AN OF FOTATION Np 5§

FX5 OF RITATION  No. 4

POLARIZATION OF ANTEMNMA  Pigrs No 2 Croas

FOLAAZATON OF ANTENNA  Plans No 3

FREQUENGY IS Mc

FREGUENGY 115 Mc

ANTENWA TYPE  free Spaca O V Wilnout Padestal

PTTLAN ND. 2 E

ANl OF FOTATON Mo 4

AI_ARZATION OF ANTENMG  Plane Mo 3 Crows

FREDUENDY |15 Mg

Fig 12 {Continued)




5 Ll
@ AXr5 OF ATTATKN  Np, 6
POARTATION OF ANTENNA  Plana No
FREQUENGY 1920 M
I
|

i8

ANTEMNA THPE v Mgumled Abov Cabln
AITERN ND. 3

A
TYI v Above Cobin
! U a
AR AT No &
FOLARZATION (F ANTEWNA Plore No | Cross

FREQUENCY 420 Mc.

,ﬂln? ‘\%‘ >
ol

- 7

ANTENNA TYFE W Mounled Abowe Caban
MITERM N0 3 8

AXS OF POTATION No 5

POARIZATION (F ANTENMA  Plora No. 2
FREQUENCY 4720 Mo

l c)f POLARIZATION [F ANTENNA Pung No 2 Croas
I

FREQLENDY 1420 Mc

Fig 13 V-109 Antenna on Piper Cruiser Model at Liocation 3



19

by

i

X
£/

[ ]
7
L
Wy
I

s
7

Jw\’;\\:\\
I\\\ N
N
1‘\
L\
a
L

ll g

I

N

S
W
Y
==
?.,,
7/
é'
.'l
ag

? ]
‘w
»
//lli, %
/]
jﬁ
s

5 oo oF FoWTCR
’ ANTEMWA TYPE  V Mounfpd Above Cobin

TENNA TYFE v Mounled Abowe Cabin
PTTERN o 3 E

I
/
; FATTERM MO 3 D I
/ A5 _OF FOTATON Mo % / LN O e
./ POLARIIATION F ANTENNA  Plons No 3 Gj POLARZATION OF ANTENNA  Plore No. 3 Gross
Q J FREQIENCT 1480 Mc
£

FREGLENCT 1420 MWc

i
"%
.
=
&
Q@
s&*\

Xg

i |

1y

Lot

i
ik
i
i

i

\J
!

i
i
7

/

]

\
N
R
%/
o,
?

L3R ‘}. 3 _\‘wr

MNTENWA_TYPE v Mounied Abows GCobin

FRTTERM N0 3G

ANE F RIATON N 4 From

FOLARIZATION OF ANTENMNA

FREQUENGY 1420 Mo e

Fig 13 (Continued)



Ny,
T
I
Nl gt
5 ;‘“" ' " ‘

e

(160

ANTEMNA TYPE ¥ Mounied Selind Cabin

PATTERN N0 4 B

AXE OF ROTRTION No. 5

POLARIZATION (F ANTENNA  Plors No 2

FRELENGY 1920 Mg

20

D
S

e,
.:0

Py
TN
A

u|llllr"'zl ‘-
%

(]

e
SN
AR
S
LR

ST
ST

¥
“y,
N

<%
L

\7
¥
%

77

NI,
S\,

\

M

)
,‘\‘

XL
’0""

FOANZATCN OF ANTENKA Ple No 2 Crom

H20 W

. Fig 14 V-109 Antenna on Piper Cruiser Model at Location 4



21

POLARZAFIN F SNTENAR- Ploom No 3 Crosm

FRELMENCT M0 B

ANTENMA  TYPE V Mmunisd Bahind Cobin

AXS  OF ROTATION No 4

POLARIATION OF  ANTENMA

= 7 --9[—8-*

Fig 14 (Continued)

ANTENNA  TYPE v Maurmted Bahwd Cobin




22

SHOWIRG  AXS OF  ROTATION

ANTENNA  TYPE W Mounled In Tail ANTERMA  TYFE ¥ Mounled In Tail

FREQUENCY (420 Mc FREQUENCT 1420 Mc

‘ RITERN W05 /! FTTERN v 5 B
AXIS DF ROTATEON No & AAIS OF RDTATEON No S
PORRZATON OF ANTENNA  Plane No. | / POLARZATION OF ANTENWA  Plone No 2
&
. ]
1
!

ANTENMA  TYFE  V Mounled In Tail

/,
L PATTERN N0 5D
K AXIS OF ROTATION No. 4
cj POLARTZATION [F ANTENNA Plons No. 3
/
i

FREQLENCY (420 Mc

Fig 15 V-109 Antenna on Piper Cruiser Model at Location 5



23

vV Mounted in Tail

ANTENNA  TYPE

1420 Mo

ATTERN MO S F
POLARZATION OF ANTENNA

X m A0
5B 250
%Ooy/ W77 QQ’Q‘
A R A5 50
R
mmwna/w,wu\\mw o
nW% = e
S
O/ I SN S
SIS
QQ“Q.Q IW f“’

SETCH F SYSTEM
SawaG oIS F  ROTATEN

¥ Mounter In Tol
Na 4

Fig 15 (Continued)



24

MTENNG  TYFE V' Mouvisd Avowe Tal
PRTTERN N0 &
A5 OF FOTATION Mo &

POLARZATION OF ANTENNA  Pans No. |

\\\"@

A

e

Fig 16 V-109 Antenna on Piper Cruiser Model at Location b




25

ANTENNA TYPE  Mountad Abave Toil

ATTERN MO &

PNS OF ROTATION  No. S

POLARZATION OF ANTENNA  Pona No. £ Crass

FREUENGY 1420 Me

BNTENHA TYPE ¥V Mamted Abova Tail

FOTTERN ND 6§ 0

X5 OF ROTATKN  No 4

POLARIZATION OF ANTENNA Plara No 3

K20 M

ANTENNA TYFE ¥V bioured Abow Tall

FOTERM M BE

AXS OF ROTATIN  hp. 4

FOLARIZATION OF ANTENNA Plgng Mg 3 Crous

FREQUERGY 20 Mo

Fig 16 (Continued)



26

ANTENNA TYPE W hlounted Bekw B Bahind Cobin ANTENNA TYFE ¥V Mowtie! Balow 6 Bahind Coben
ATTERN MO 78

PILAFIZATION OF ANTENNA  PFigne Mo |
1420 M, FREGUENGY 1420 Mc

0
|
MITERN N0 Y [
AXIS OF FOTATION Mo 6 A5 OF ROTATEN No 6
POLAMIATION OF ANTENNA Plane Mo | Gross
i
Ll

ANTENNA TYPE v Moumed Below & Betand Cobin MTENNA TYFE  V Moumied Below B Batund Cabin

s
ATTERN WD 78 ! PATTERN W0 7G
AUS OF ROATION ho & / AXS OF ROATEN Mo 3
Q’j FOLARZATIN F ANTENNA  Plorw No. 2 Grows

POLARZATION [F ANTENNA  Plone No 2

FREQUENDY (420 hc. FREQUERCY 420 Mg

Fig 17 V-109 Antenna on Piper Cruiser Model at Location 7



g -'"-d
0 ~

i

o

7

&3
A
hRE
Y

27

™\

f

CER

r
i
5

b
R
&%

Ui

FLARZATON O ANTEWG  Pam Re 3

FREQENY 1420 W

L]
hY
S Sy
- e S\ X 5
f e @ S //; S
-+ P o) L
' rof v :\\_. 14 X B ! a
A ) O NRRe
S GRS 1
S \L = ,;'Qﬁ‘;% = HL_—J; 1
RS T S AP Sy
B - \ Tt Ry R -+ ﬁ"‘“f-_ oo
- - Fahe SE /
- /*’f”?ﬁ’f h LA
Hi

Fig 17 (Continued)

N
S
S

===
2l
L
AT

(7

5

NTENNA TYPE Y Mourmiyd Below 8 Behnd Gotin
MTTERN w0 TE

AIE_OF FORTIN Mo 4
FOLARIZATION OF _ANTEMNA —
EQUENCY (420 Mc




NS

ANTEMNA  TYPE W Moumed On Posl Wing Tip

PRTTERN N 8

ANS OF ROTATION Mo 6

POLARIZATICN OF ANTENNAZ  Plam Na |

FREQUEMSY 1420 Me

AN Feb
2 ‘%\\\\% S

=7

]
Z 7lll/‘“

4

ANTENNA  TYFE WV Mounled On Port Wing Tlp

FRTTEAN ™0 B A

AXIS OF ROTATION No &

POLARZATION OF ANTENNA  Plane No | Crose

FREQUENGY  {4EQ Mc

)
1)

ANTENWA TTFE v Mounted On Port Wing Tip

PATTERN w0 B B

ARG OF ROTATION  No. %

POLARZATION OF ANTEMNA  Plane Na 2

FREQLENGY 420 Me

== dr =
4,%%’ |\\‘\

il
Y
i

‘Q,%
S
£
/I i
it
i

ANTENNA TYPE W Mounted On Port Wing Tip

FATTERN NO B

AXE OF ROTATKN  No. 5

POLARZATON OF ANTENNA  Plone No 2 Crows

FREQUENCY 1420 Mc

Fig 18 V-109 Antenna on Piper Cruiser Model at Location 8




29

A\
|
|
]
I
SETEH OF SYSTEM
SHWNG AMS [F  ROTATEN
rs | ANTENMA  TYPE ¥ Maunhid On Port Wing Tlp 7 ANTENMA TYPE ¥ Mounted On Port Wing Tip
% ATTERN ho. B D PTTERN WO BE ~
ANS OF ROTATION MNa & / ANS OF RJIATEN  No 4
@' POLANZATEON OF ANTENNA  Flana No 3 C’S POLARZATION OF ANTEWNA Plone No. 3 Crom
FREQUENDY 1420 Me ; FREQEMDY 120 Mc

ANTENNA TYFE ¥ hlounted On Por| Wing Tip

mITEN W B F ¥
@ - - AXS (F RQATION Mo 4 To -z "9—' ANS (F FOTATON Mo & Fram
PLARZATION (F ANTENNA POLARZATIN (F_ANTENNA
FREGENTY (420 Ms

ANTENNA  TYPE ¥ Mounisd On Porf Wing Tip

FREQLENDY  HRO M

Fig 1§ (Continued)



/

gt'
S
S5
S==

30

T
LT
STTTTAR D
RSSITHNLE0
RN 5555
S SN s et
me eSS e
BSSSi N HESR s
=HEEE§§§§.D K \:§$ég%%§5§=ﬂ!
RSy it B2 i ik

AR YRV sunied Lnder Port g Tp | , [MTwA_TYPE J wounind undn Port_Wing Te
B IR WO 8 — j [ (PEITERN MDD 9 A 1
vy T ml
|

{

l

|“"_“__"'_]_'§:_’“T,g_:f,_ e 1 L. e oF RTATION Ne €
[FIAE AT R AN EWN- Parg e ~ _I B ZRUZTION F ERTINKE Digem Mo | Crase

TRGEI 1820 e

ANTENNA  TYPE W Moumimd Under Porl Wing Tip ANTENNE, TYPE  V Mounhed Linder Porl Wing Tip

FRTTERN MO 9 P /! PRTTERM MO, 3 C

AXS OF FOTATEN  No S B JJIE::TngT NnNN: . —

POLARY, ANTEHNA FOLAR] ANTE! na rosy
o Tz Pt 2 Q) FREQUENGY 320 M.

FREQUENCY 1420 Mc

Fig 19 V-109 Antenna on Piper Cruiser Model at Location 9



3l

k‘“\? o
X
N\

i R o

A

}

= ;.. -
EEE
PR

"
g

A Vo ez

=
2l
0,

4
L/

o N
RN
W

e

<

ANTENNA TYPE WV Mauntad Under Porl Wing Tip

51 M
-]
/ ANTENWA  TYPE ¥ Mounied Under Povt Wing Tip P e
RTTERN WO, 9 D H
@ ! ANE OF FOTATER  No 4 / ANES OF RUTATION No 4
C’j FOLARZATKIN F ANTEMNA  Pane No 3 G) FOARZATION OF ANTENNA Plans No. 3 Cr.ss
F f

FREQLENCY 1420 Me FRECUENGY 1420 Mc

& o . i
3 = 1
2 e L

W
7
i
/]

i S Se ey
NS .
I ENSSSS

Fig 19 (Continued)



The patterns show that this location has
some acceptable qualities Patterns 8 and
BA show that most of the pickup 15 directed
rearward, and there are appreciable maxima
mn other directions The cross-polarization
patterns are objectionably large The deep
nulls 1n Pattern 8D are undesirable

V-109 Antenna on Piper Cruiser Model,
Location 9

Fig 19shows the results obtained with
the V-109 antenna mounted on the lower sur-
face of the Piper Cruiser wing (Locatiwon 9,
Fig 9) at a pownt otherwise similar to Lo-
cation 8

This location 1s probably unsatisfactory
because of the abrupt variations in Pattern 9
and the large cross-polarization Patterns,
9A, 9Cand 9E The placement of the nulls 1n
Pattern 9F seems to indicate the presence of
appreciable currents in the metal structure
of the aircraft, causing sensitivity to cross-
polarized signals

Shunt-Fed Wing-T1p Antenna on Piper
Cruiser Model, Location 10

A shunt-fed quarter-wave stub antenna
was mounted on the starboard winpg tip of the
Piper Cruiser model {Location 10, Fig 9)
An nstallation of this kind on an actual air-
craft 1s shown in the photographic view, Fig
20 The model range results obtained with
this antenna are given in Fag 21

All patterns exhibit generally accept-
able characteristics Pattern 10 and 10B
s how appreciable sensitivity fore and aft,
and the downward portion of the vertical Pat-
tern 10B leaves little to be desired Cross-
polarized pickup, while appreciable, 1s usu-
ally smallest at angles where 1t 15 least de-
sired, as shown in Patterns 10A, 10C and 10E

Series-Fed Wing-T1p Antenna on Piper
Cruiser Model, Location 11

A series-fed quarter-wave stub antenna
was next tried on the starboard wing tip of
the Piper Cruiser model The installation
was the same as that for the previaus test
except that the method of feed was changed

Fig 22 shows the pattern obtained
As might be expected, the patterns for this
antenna are very similar to those for the
shunt-fed stub at the same locatian The
series-fedinstallationis equally satisfactory

32

The Vertical Stabilizer Stub Antenna 1n the
Piper Cruiser Model, Location 12

A shunt-fed vertical stub in the verti-
calstabilizer of the Piper Cruiser model was
tested with a view towards 1ts use as a VHF
transmuitting antenna The leading edge of the
tail fin was 1solated at the top and shunt fed
at a pownt approximately a quarter wavelength
below This 15 Location 12, Fig 9

The patterns obtained are given in Fig
23 Patterns 12 and 12A show undesirable
nulls 1in the forward direction For this rea-
son, this antenna location would probably be
unsatisfactory

Conclusions

The model range tests on the Piper
Cruiser indicate that the best location for the
CAA V-109 antenna on this aircraft 1s above
the fore part of the cabin on the center line,
Location 3, Fig 9 DPatterns of the V-109
antenna located on the vertical stabilizer 1n-
dicate that this location 1s unsatisfactory on
the Piper Crumser, but that i1t might be ac-
ceptable on other types of aircraft with higher
vertical stabilizers

Model tests show that good results
might be obtained witha stub antenna mounted
on the wing t1p as shown 1n the photographic
view, Fig 20 This antenna 1s also attractive
froma mechanical standpoint 1n that 1t offers
the possibility of a completely faired-1n in-
stallation

METALLIZED MODEL STUDY

Technique

To check the performance of the V-109
antenna on metal covered aircraft, the frame-
work of the Piper Cruiser model was covered
with copper fo1l Pattern tests were then
made on this metallized model

V-109 Antenna on Metallized Model,
Location 13

Fig 24 shows the patterns obtained
with the V-109 antenna mounted above the for-
ward part of the cabin (Location 13, Fig @)
on the metallized Piper Cruiser model

Pattern 13 shows satisfactory signal
pickup fore and aft although the greater sensi-
tivity toward the rear 1s undesirable The pat-
ternis not quite as good as that obtained with
the fabric-covered model (Fig 13, Pattern 3)
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Fig 20 Wung-Tip Antenna on Piper Cruiser
Pattern 13B, while satisfactory, indicates
that most of the si1gnal pickup 15 1n an upward
direction as in Pattern 13D Compared to the
fabric-covered model, Fig 13, Patterns 13B
and 13D show the mmore complete shielding
effect of the metal covering Cross-polarized
components were neghgible and for this rea-
son Patterns 13A and 13C are not included

V-109 Antenna on Metallized Model
Arrcraft, Location 14

The V-109 antenna was moved approxi-
mately a quarter wavelength toward the rear
of the aircraft, from Location 13 to Loca-
tion 14, Fig 9 The pattern results ob-
tained at this location are shown in Fig 25

Pattern 14 shows unsatisfactory char-
acteristics 1n the forward direction, as does
Pattern 14B Cross-polarized components
are negligible The results are interesting,
in thatthey show a considerable deterioration
inperformance witha relatively small change
1n antenna location

V-109 Antenna on Metallized Model
Airrcraft, Location 15
The V-109 antenna was moved another

13

quarter wave toward the rear of the aircraft
to Location 15, Fig 9 Fig 26 shows the
patterns obtained

The low forward sensitivity indicated
in Patterns 15 and 15B makes this location
unsatisfactory Greatimprovement in down-
ward pickup over that obtained at Liocation 14
18 indicated n Pattern 15B

Series-Fed Wung-Ti1p Antenna on
Metallized Model, Location 16

A series-fed stub antenna was installed
on the starboard wing tip of the metallized
model at Location 16, Fig 9 The model
range patterns obtained are shawn 1n Fig 27

Pattern 16 shows appreciable forward
sensitivity, butwith some undesirable varia-
tions Pattern 16B has excellentcharacteris-
tics, although more sensitivity forward would
be desirable The deep side nulls wndicated
in Patterns 16 and 16D are a serious disad-
vantage The patierns of Fig 27 closely re-
semble those for the fabric-skin model 1n
Fig 22

Metal Cylinder Tests

During preliminary experiments with
the Piper Cruiser model and V-109 antenna
it was observed that the forward sensitivity
wentthrough successive minima and maxima
as the antenna was moved progressively back-
ward on the center line of the aircraft To
investigate this effect further, a model range
experimentwas set up in which the 1/12 size
scale model of the V-109 antenna was used
witha cylinder instead of the aircraft model
The signal received by the antenna from the
direction of the axis of the cylinder was meas=
ured as the position of the antenna was changed
along that axis The diameter of the cylinder
was 3 1/2 inches and the length 12 inches, cor-
responding to 0 24 and 1 44 wavelength re-
spectively at the operating frequency of 1, 420
Mc

The results obtained are shown in the
curve of Fig 28, which shows the received
signal voltage as a function of antenna position
along the longitudinal axi1s of the cylinder
Examination of the curve reveals that simi-
lar points occur at intervals of multiples of
a quarter wave, and that the first maximum
1s approximately a quarter wave from the end
of the cylinder facing the signal source It
probably can be concluded that, in the case
of an antenna mounted on an actual aircraft,
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the recewved si1gnal voltage can be doubled
when the antenna 1s moved as little as a quar-
ter wavelength (about two feet) This would
be true if the antenna initially was located at
a poiwnt of minimum radiation

Conclusions

Fromthe results of the metallized mod-
el tests 1t appears that there are few signifi-
cantdifferences in the patterns obtained with
the metallized and fabric-covered models of
the Piper Cruiser Where a shielding effect
was observed with the fabric-covered model,
similar, butusually more complete shielding
was obtained with the metallized model In
these model tests no consideration was given
to antenna umpedance characteristics In
actual practice 1t 1s very important that the
input impedance of the VHF receiver, the
output impedance of the antenna and the char-
acteristic utmpedance of the transmission line
between the two be simular over the frequency
range employed Inthe case of a V-type VHF
antenna, 1t 1s necessary to use the antenna
with a balanced-feed system or to employ a
balun whe r e unbalanced transmission lines
are mmvolved

FLIGHT TESTS

Technique
Full-scale flight tests were made using
Piper Cruiser, Stinson Yoyager, Ryan Navion
and Beechcraft Bonanza aircraft The NARCO
Type VRA-1 VHF Recewver, VOA-1 Omni-
range Converter and associated equipment,
the ERI-Federal VHF noise meter, and the
ERI-NARCO VHF noise meter described in
Stage T of this report were used 1n making
the tests subsequently described on a number
of different antenna arrangements on each of
the aircraft The Evansville, Indiana VHF
omnirange station (113 3 Mc) was the ground
station used tn these tests
1 Noise Reduction Noise measurements
were made on the ground with the ERI-Fed-
eral YVHF noise meter to determune the ef«
fectiveness of various noise-suppression sys-
tems During flight the ERI-NARCO VHF
noise meter was used, but with the ave cir-
cuit in the NARCO VHF Receiver operating
normally, to make relative noise measure-
ments Noise meter readings were taken at
108, 115, and 122 Mc with the receiver tuned
off any signals present Readings of as high
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as 1 0 v, corresponding to the audio cutput tude of 1,000 feet The munimum double

obtained with 30 per cent modulated receiver
inputs of less than 8 microvolts (Fig 7), were
considered good

2 Double Course-Width Distance While
the aircraft was flying away from the Evans -
ville cmmrange station, at a distance of 15
miles, the course-width was measured with
the NARCO equipment Course-width was
measured arbitrarily in this manner The
OMNIBEARING SELECTOR (referred tohere-
mnafter as OBS) dial was set successively at
the points where the course deviation indica-
tor {referred to herenafter as DI) read full-
scale 1n each direction ''Course-width' or
DI sensitivity, was defined as the difference
between the two OBS dial readings

The flight was continued until the course-

width so measured was twice the original value
The distance from the range station to the
pownt where the course-width doubled, was
recorded Thesetests were made at an alti-

course-width distance considered acceptable
was 45 miles

3 Course-Widthat20Miles The course-
width, as defined previously, was measured
at a distance of 20 miles from the Evansville
omnirange station with the aircraft headed
north, south, east and west A value of 30°
was considered optimum course sensitivity

4 Tilt Tests With the aircraft headed
toward the Evansville omnirange station, at
a distance of about 25 muiles, the pownter of
the DI was centered and the wings were tipped
45° to the right for a few seconds and then
45°to the left for the same period The amount
of DI meter deflection caused by these maneu-
verswas recorded Three degrees was con-
sidered tolerahle

5 Readability Limit The greatest dis-
tance at which the voice transmission from
the Evansville omnirange stationwas readable
was noted with the aircraft flying due north



away from the station at an altitude of 1, 000
feet Thetest was repeated with the aircraft
headed toward the station and the distance
where the voi1ce transmissions were agawn
readable was noted Itwas found that the dis-
tance was approximately the same for both
directions of flight, 1nasmuch as the exact
limit of readability could not be precisely de~
termined by this measuring technique The
average of the two readings was recorded A
range of 50 miles was required

6 Propeller Modulation The pownter of
the DI was centered and the speed of the air-
craft engine was varied slowly A slhight os-
cillation of the indicator was noted at certaiun
speeds and 1ts magnitude was recorded at the
most critical pownts, 1800, 2100 and 2400
rpm A maximum of 3° was considered tal-
erable

7 Pattern Measurements Patternmeas-
urements were made at a distance of about
25 miles from the Evansville omnirange sta-
tion at altitudes of 1000, 2000 and 4000
feet Readings were taken at heading inter-
vals of 45° as the aircraft flew over a fixed
landmark The ERI-NARCO VHF noise meter
was used with appropriate external attenuators
in recording the recewved voltages for each
heading of the aircraft

8 Bearwng Error at 20 Miles Bearing
readings over a fixed landmark 20 miles due
north of the Evansville omnirange station,
as 1ndicated by the NARCO equipment, were
recorded with the airplane headed N, NE, E,
SE,S,5W, W, and NW Errors of less than
3° were considered acceptable

9 Bearmng Error in 30° Bank Bearing
readings over a fixed landmark 20 miles due
north of the Evansville omnirange station,
as wndicated by the NARCO equipment, were
recorded with the airplane headed N, NE, E,
5, SW, W, and NW, flying in a 30" bank 1n a
circle around the landmark Errors of less
than 3" were considered desirable but not ab-
solutely essential

Data

Maost of the data taken during the flight
tests 1s given in tabular form 1n Tables I and
IT Thevarious antenna arrangements tested
were identified by flight numbers which appear
in Table [ A description of the installations
involved for each of the flight numbers 15 given
where individual tests are discussed The
testnumbers in Table Icorrespond to the num-~
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bers given each of the tests and describe the
technique used Locations of the tested an-
tennas are given for the corresponding flight
numbers 1n F1g 29 Pattern data 1s given in
Table II, and graphically in Fig 31 The
last column of Table II gives the value of in-
put attenuator used with the ERI-NARCO
noise meter for each set of data The at-
tenuator setting can be used with the tabulated
values and Fi1g 7 to obtain the approxiumate
radio frequency output voltages from the tested
antennas In Tables I and II all signal and
noise intensity readings are giwven in terms
of output voltage of the ERI-NARCO VHF
noise meter

Piper Cruiser, Flights 1 and 2

The CAA V-109 antenna was mounted
over the cabin of the Piper Cruiser on the
center line of the aircraft, 7 1/2 inches be-
hind the windshield as shown 1n Figs 29 and
30 Prelimunaryflights with this installation
revealed that ignition noise was objectionable
on the NARCOQO recewver at a distance of only
25miles from the Evansville omnirange sta-
tion Groundtests withthe ERI-Federal VHF
noise meter revealed that resistance spark
plugs reduced this noise by a factor of 15 1
db, and shielding the 1gnition system resulted
in a 29 db noise reduction at which point no
nowse could be heard in the recewver head-
phones By "shielded 1gnition system' 1s
meant shielded spark plugs, wiring and mag-
netos

Flight 1 was made with resistance spark
plugs installed and Flight 2 with the shielded
ignition system Examination of the data in
Table I leads to the conclusion that either
nolse-suppressionsystem s acceptable inas-
much as satisfactory perfbrmance was obtained
at well over 45 miles at an altitude of 1, 000
feet The 3° deflections of the DI pointer ob-
tained in the t1lt and propeller modulation
tests are within acceptable limmits, but the
errors measured 1n the 30° bank tests were
rather high

The antenna lead-in used for all of the
Piper Cruiser flight tests was 7 5 feet of
RG-58/U cable Lead-in lengths of 90, 100
and 110 wnches of RG~58/U, RG-54/AU and
RG-29/U, all 50-chm coaxial cables, were
tested on the ground As might be expected,
there was nonoticeable change in performance
with any of the cable arrangements

Antenna pattern data 1s given in Table
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TABLE I

Stage II Flight Test Data

Tes! #1 Test #2 Test #3 Tesi &4 | Test #*5 Tesi #6
Aircraft Flhight r:lc;ls:a szT::t;Lon IWD::;i; ZWOI d::h D:::: : DefIT:L'ilon, Romt:"hw Eﬁgmﬁm
108 | 1s | 122 Prstoncs, ' Degrees Mnlesl 1800 | 2100 (2400
mec | mc | mc. | To |From|North| East [South|west | To |From rpm| rpm | rpm
Piper | 19 |15 |16 | 4B |46 | 25 | 34 (25 | 39 3 3 53 3 3 1S
" 2 05| 07|05 149 |47 | 30 | 30 (27 | 33 | I5 0 53 3 3 15
" 3
Stinson 4 |55|46|50 (36 34| 35|40 |40 | 45 1 | 45 3 0o| O
" 5 IB|I1S5 |16 |49 |46 | 35| 35| 34|35 | 3 |15 54 3 0 0
" -] 05|07 |06 | 53|53 | 30|34 |3 |37 |Ii5] O 56 3|Jo| o
" 7 [05|07| 06| 4348 | 30|37 (30 |38 |I5]| 1 54 15| © 0
Navion 8 |03(04|04)| 48 (48| 38| 39 (3T (42 | 15|15 57 0 o} 0
" 9 |Qg2|Cc2|02| 46|44 | 37| 39|38 40| O o 53 3|10 (15
" 10 pzloz| o2 36| 37 38|40 | 38 | 91 3 3 48 15| 15| 3
Beechcrofi 1] 04| 04|05 45| 46| 35|42 |35 |43 (15|15 54 0 0 o
u 12 03| 04| 04| 32| 46| 34| 50| 37| 41 15 0 15
Test #8 Test #9
Aircratt Fhght Bearing Error At 20 Miles, Degrees Bearing Error In 30° Bonk, Degrees
N | NE E SE S SW| W |[NW| N NE E SE 5 SW [ W | NW
Piper 2 -1 |+ o |-l 0 0 0 0 |-45| O 0 -1 |-6 |-45|-6 |-45
Shnson € +H [ -1 +2 o O [+1 | =1 |+l |+1 [+ {+15| © | -3]| -3 | -3 |45
Navion 8 o -1]-=I 0 0 0ol -1 O |-3|-45| © | +3 | +I 0| -3]-a5

II and the patterns obtained are shown in Fig
31 The patterns appear to be reasonably
symmetrical and are satisfactory

Piper Cruiser, Flight 3

A series-fed wing tip antenna was 1n-
stalled on the starboard wing of the Piper
Cruiser as shown 1n Figs 20 and 29

No detailed flight data on this antenna
was taken because of time limitations
ever, 1n preliminary flights 1t was observed
that propeller modulation was not noticeable

How-

at any engine speed Measurements made on
the ground withno suppressor system installed
revealed that 1gnition noise picked up by this
antenna was 6 db below that of the V-109 as
mounted above the cabin for Flights 1 and 2

Stinson Voyager, Flight 4

Flight 4 on a Model 150 Stinson Voy-
ager Airplane was made with the CAA V-109
antenna over the cabin, 13 1/2 inches behind
the upper edge of the windshield on the center
line of the aircraft as shown 1n Figs 29 and
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TABLE 11

Stage Il Flight Pattern Data

Relative Recewed Voltage Al Heading Of Altitude Distance
Aircraft Flight = a5° | o0° | 135° | 180° | 225°| 270° | 315° Feot Miles Atleggalor
380 340| 240 | 2680 270|150 | 1350 |320 1000 33 5]
Piper 2 390 3402180 | 320 360|240|180 |360 2000 36 5
480|400 | 250 | 340 360|160 | 170 | 370 4000 36 12
400|400 | 240 300)| 350|270 | 160 | 350 1000 36 Q
Stinson 6 480|460 | 260 | 320| 400 380 | 240| 380 2000 45 6
470 | 400 | 280| 340 | 380|370 210 |4C0 4000 45 12
360|380 | 160 | 400| 460|360 | 200 | 2 40 1000 33 6
» 7 400]28080)| 160 | 340|490 260200220 2000 33 12
380| 380} 140| 360|420 | 380| 200| 220 4000 36 12
IBO | 100 ] 070 ] 145 | 150 ] 1,65 | 065 | 110 1000 26 12
Mavion 8 330 (| 180 150 ) 340|320 (350|200 | 230 2000 26 12
470|430 | 280 | 4801470 480 | 330 | 480 4000 26 12
LBO | 130 | 0401060 | 100 120 | 050 | 1BO 1000 18 12
l- 2 310 | 300070} 260280 | 320 180 [ 330 2000 18 2
230| 290|240 280|320 | 270|310 | 240 4000 18 12
Ceg| 080 O3S | 0701080 | 025 (040 | 090 0G0 |8 12
u e | 2205240 | 1CO ] I70 P80 | 180 | 12C | 230 2000 18 12
280270 | 200 (320 (300 (270|310 [ 280 4000 18 2
2401 150 | 128 270 [ 210 [210 140 | 190 1000 |8 i2
Beechcraft il 4201 160 (120 | 240|290 [ 175 120 | 150 2000 18 12
320|430 (430 | 430 [350 | 42001420 |420 4000 18 12
060|060 040|050 | 145 [ 030 | 050 | 045 1000 18 12
N 12 1351105 065 | 100G | 185 160 | 120 ) OBO 2000 18 2
4401420 |280 | 380;340|420]430 ]330 4000 |8 12
32 Noiwse measurements made before take- on both flights, but that the shielded 1gnition

off indicated thatignmition noise 1n the receiver
was 7 db above thatinthe Piper Cruiser with-
out nolse-suppression systems Resistance
spark plugs lowered the noise level 5 db and
shielding the 1gnition systermn caused a 37 db
noise reduction Flight 4 was made using
resislance-wire 1gnition leads The figures
n the Test 1 column of Table I show that the
ignitionnoise level was rather high, reducing
the double course-width distance to about 35
miles, and causing generally unsatistaclory
performance

Stinson Voyager, Flights 5 and 6

Flights 5 and 6 were made with the same
antenna installationas in Flight4 Resistance
spark plugs were used in Flight 5 and a cam-
pletely shielded ignition system was used n
Flight 6 Exarmnation of the data in Table I
reveals that satisfactory results were obtained

systermn was superior Overall performance
was similar to that obtained with the Piper
Cruiser The antenna lead-in for Stinson
Voyager Flights 4, 5 and 6 consisted of 100
inches of RG-58/U cable

Stinson Voyager, Flight 7

For Flight 7the CAA V-109 antenna was
moved to a pomnt 37 1/2 inches behind the
upper edge of the windshield on the center
Iine of the Stinson Voyager awrcraft as 1llus-
irated in Fig 29 This was the location of
the VH¥F whi1p antenna in the view shown 1n
Fig 32 Igntion nowse measurements on the
ground showed that reductions of 6 db with
resistance spark plugs and 42 db with a
shielded 1gnition system could be obtained

The antenna patterns, Fig 31, show
unsatisfactory forward sensitivity, the course-
width doubled well before the desired minmi-
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Fig 30 V-109 Antenna on Piper Cruiser

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

Navion, FlLight 8

The CAA V-109 anitenna was wnstalled
above the vertical stabilizer (see Figs 29
and 33)on a Model 1949 Ryan Navion aircraft
for Flhight 8§ Measurements on the ground
indicated that the VHF noise level on the Navion
was about 6 db above that of the Piper Cruiser
with shielded 1gnition system Excellent re-
sults were obtained in all flight tests See
Tables 1 and IT and Fig 31 A rather long
lead-1nn, 22 5 feet of RG-Z?/U cable, was
used 1n this installation Lead-wm loss was
approximately 1 db, but this was negligible
n this installation

Navion, Flight 9

The CAA V=109 antenna was nstalled
above the cabin on the Navion, 19 inches be-
hind the windshield on the center line of the
aircraft, as shown in Fig 29 A 21 5 foot
length of RG-29/U cable was used for the an-
tenna lead-in The results obtamned at this
position, as given in Tables I and Il and Faig
31, show that this antenna location 1s inferior
to the vertical stabilizer location used for
Flight 8 The pattern at 1, 000 feet shows
that there 1s insufficient signal pickup to the
rear, causing poor course sensitivity char-
acteristics

Navion, Flight 10

A NARCO VYV antenna was mounted on
the Navion cabin 1n the same location as that
for the V-109 antenna in Flight 9 See Figs
29 and 34 Results obtained with this in-
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V 109 ANTENNA OVER CABIN FORWARD

PIPER CRUISER FLIGHT 2
V-109 ANTENNA OVER CABIN

2000 FT —-—-
3000 FT ---

ALTITUDE
000 FT

NAVION FLIGHT @8
V109 ANTENNA OVER VERTICAL STABILIZER

STINSON VOYAGER FLIGHT 7
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Fig 31 Stapge Il Flight Patterns
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stallation were generally inferior to those ob-
tamned withthe V-109 antenna at the same lo-
cation and the performance was vastly inferior
to that obtained at the vertical stabilizer lo-
cation in Flight 8 See Tables I and Il and
Fig 31 The sensitivity of the NARCO an-
tenna appears to be considerably less than
thatof the CAA V-109 antenna See Appendix
11

Beechcraft Bonanza, Flight 11

Figs 29 and 35 show the location of the
Pioneer V antenna on a Model 35 Beechcraft
Bonanza aircraft for Flight 11 A low-fre-
quency wire antenna located near the VHF an-
tenna to be tested can be seen in Fig 35
This wire antenna had to be removed before
satisfactory results could be obtained Meas-
urements made on the ground indicated that
the VHF noise levelinthe Beechcraft Bonanza
was 14 db above that 1n the Piper Cruiser
with shielded 1gnition system  The antenna
lead-in consisted of 120 inches of RG-29/U
coaxial cable As can be seen from the data
in Tables T and Il and the antenna patiterns in
Fig 31, generally satisfactory results were
obtained

Beechcraft Bonanza, Flight 12

The vertical pedestal was removed from
a CAA V-109 antenna and the antenna was
mounted below the tail of the aircraft as shown
m Figs 29 and 36 The lead-in consisted of
20 feet of RG-29/U cable The data and pat-
terns obtained at this installation are given
mm Tables 1 and Il and Fig 31 The wnstal-
lation was unsatisfactory since the double
course-width distance was as low as 32 miles

CONCLUSIONS

It 18 concluded that the most satisfactory
method of suppressing VHF 1gnition noiwse on
small aircraft 1s the employment of a shielded
ignition system However, the employment
of resistance spark plugs as a2 means of noise
suppression gives satisfactory results Noise
reductions obtained using resistance spark
plugs over systems with no suppression were
approximately 10 db With shielded 1gmition
systems, the noiwse reduction was about 30 db

Where shielded i1gnition systems are
employed, almost any location of the VHF
recelving antenna is satisfactory from a noise
standpomnt Whenresistance spark plugs are
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used as the sole means of noise suppression
it appears advisable to locate the VHF re-
celving antenna as far away from the aircraft
engine as other considerations will permit

VHF recewing-anienna lead-ins using
standard types of 50-ohm coaxial cable (such
as RG-29/U and RG-58/U) are satisfactory
for small aircraft While 1t appears desir-
able to run the lead-in by as short and direct
a route as possible, the route used 1s not
critical

Propeller modulation was negligible at
all antenna locations tested The maximum
oscillation of the NARCO DI pointer observed
was approximately 3°

The most critical factor involved n the
placement of VHF receiving antennas on small
aircraft 1s the location effect on the antenna
pattern Itisnecessary to locate the antenna
in a position which will give a good horizontal
pattern on the horizon and a few degrees be-
low, if optimum performance 1s to be obtained
with the VHF navigation equipment The best
locations found on the tested aircraft were,
gver the cabins of the Piper Cruiser (Pownt
1. Fig 29)and Stinson Voyager (Pownt 6, Fig
29), above the wvertical stabilizer of the Na-
vion {Pownt 8, Fig 29}, and over the cabin on
the Beechcraft Bonanza (Pownt 11, Fig 29)

In general, 1t appears that the best po-
sition for the VHF receiving antenna on small
alrcraft 1s well forward over the cabin. Where
a high verticalstabilizer 1s available this lo-
cation also 15 good

STAGE III
RECEIVER LOCATION STUDY

Stage III of the work program was a
study of all convenient locations for the VHF
recelver and 1nterconnecting cables on Piper
Cruiser, Stinson Voyager and Ryan Navicon
aircraft to determine the parameters for mun-
tmmum ignition noise

LOCATION TESTS

Technique

The ERI-NARCO VHF noise meter, with
the antenna replaced by a 50-chm shielded
resistor, was used as the receiver in the
tested aircraft The noise meter output read-
ing was recorded at 108, 115 and 122 Mc and
was used as a basis for judging the guality of
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Fig 37 Piper Cruiser Recewer Installation



various insiallations.

The shielded igmition system of nouse
suppression was m use on each of the tested
aircraft. It was felt that fhs dwl not hawve
any bearimg on the resulis obbamed smee
good anise suppressiom wonld be reguired
for any smtisiactory VHEF recerwnyg tnstal latuom .
Except where othe rvise moted,, shoekded mte -
connecting power cables were msed woth e
MARTCOD equipemerrt .

Piper Croiser

The MARCO VHF Recever amfl assop-
crated equipment were mstalled on the Piper
CTrmser as shown m Fig 37, swhich shows
fhe Tecewrver umit ml the cemter of the mstrun-
ment panel, the OBS dial assembly at the
left below ihe msirument pamnel, the comrse
desnation mdicator at the ryght end of the m-
strument panel, and the omnicenverter and
power supply above the rudder pedals

The nmase meter ouipul readings for the
aforenarned locaitven et 198, 115 and 122 Mc
were D.45, 0.565 zmd D 45 w respectively
These valees correspont to the audin output
oibtarmedl wath a 30 per cent modulated radio
Frequency inpat voltage of abomt 5 microvolts
at the anteoma fermmmals of e racever See
Fap T Actally, these wpliapes are so low
‘that they are mrily above ithe Tesidual norse
lewel of fhe recerver

The mecemrer egupment was mownted
am an alvmoosm panel, as shown n Fip 38,
spthat it comnld be gmckly moved about to make
locativon tests., MNessurewnments were made
with ths portable agsermbly ocated 1nthe front
and Tear seats of the Pgper Crmser, and mn
all cases the apise meter reafdings were the
same as those obtamed wrth the mstrument-
panel mstallaton

Stmson Voyager
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Fig 38 Portable NARCO VHF Recewer Assembly



The RARCO VHF recemver mstallation
shown in Fig. 39was tested om 2 Stinson Voy—
ager The receiveris seen m the photegraph
Just to the right of cemter on the mstrumment
panel, and the omniconverter and power sup—
ply. mounted shove the rodder pedals, are mot
visible. Tests were also made wrth the port—
able recewver assembly af Fig. 38 in the fromi
and rear seafs.

For all locations the naise meter outpat
was the same and was ¢. 8%, ¢.90 and 0.90 v
at 108, 115, amd I22 Mc respectively. These
values correspond to the andieo cutpat obitamed
with a 30 per cemt modulated signal of less
than & mcrovelts zt the receiver antenna
termumnals {(Fig. 7} and are so low thai they
can be ignored. These tests were repeated
using uns hielded intercannectmg power cables
with the NARCO egquipment, and the noise
meter output increased to 1.45, 1.45 and
1 50 v at 108, II5 amd E2Z Mc respectrvely.
These values, corresponding to a radio fre—
quency input of abouzt 12 microvotis {Fig 7},
are of no consequence.
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Ryan Navicon

Fig. 40 shows the VHF receiver iustal-
latiom tested m 2 Ryan Navion. The NARCO
receiver-tuner is ak the left end of the instru-
ment pamel. The ommiconverier and power
supply mmit, mot visible, were mounted be-
tween the instremment panel and the firewall.

Noise meter readings were 0.18, 0. 15
and 8.18v at 3108, [15and 122 Mc respectively.
These readings are too low for consideration.
Symilar resulis were obtained with the port-
able receiver assembly, Fig. 38, located m
the front and rear seats of the Navion.

CONCLUSIONS

It 1s concluded that as far as 1gmiion
nowse 15 concerned, any convemient location
may be used for the VHF receiver equipment
in Piper Cruiser, Stinson Voyager, Ryan
Navion and similar aircraft. The routing of
the power cable and output leads 1s not critical,
particularly if shielded leads are used. H 1s
probable thatin any installation, noise picked

Fig 39 Stinson Voyager Recewer Installation



up by the antenna will be much greater than
that due to receiver placement

STAGE 1V
ELECTRICAL MOCK-UP

Stage IV of the work program involved
the construction of a full-scale model of a
typical light aircraft electrical system It
was designed to facilitate laboratory studies
of various methods for reducing1gnition inter-
ference 1n the VHF receiving system

MOCEK-UF DESCRIPTION

General

Fig 41 s a photographic view of the
completed electrical mock-up of a light air-
craft electrical system, Itconsists essentially
of a six-cylinder aircraft engine and elec-
tricalsystem ina cowling mounted on a semi-
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portable tubular steel frame For convenience
1in moving, the front end 1s equipped with two
15 1nch rubber tired wheels Anelectric motor
and pulley system 1s used for driving the
engine during tests An instrument panel,
contalming o1l pressure, o1l temperature, en-
gine speed and battery charge-discharge in-
dicators, and an igmition switch (located in
back of the firewall) sirmnulate a normal air-
craft installation A shelf 1s provided at the
rear of the frame for receivers and equip-
ment, and a bracket for VHF antennas 1s lo-
cated mmediately above the equipment shelf

Overall dimensions of the mock-up are 7 feet
8 inches long, 6 feet high, and 3 feet 4 inches
wide Two men can easily move the entire
assembly for short distances

Engine and Drive System

The aircraft engine used on the mock-
up 15 a Lycoming 0-435-2 six-cylinder en-
gine, enclosed by a conventional metal cowling

40 Ryan Navion Recewver Installation



and firewall A 3-hp 3-phase, 220 v, 1, 800
rpm electric motor1s provided for driving the
aircraft engine The Lycoming engine was
modified by removing certain paris to reduce
driving-power requirements The propeller
reduction gearts were replaced by a three-
fourths inch shaft, to be driven by the elec-
tric motor The pistons, connecting rods,
cam followers and push rods were removed

The valves were sealed, cylinder bases welded
closed, and all cylinders connected with tubing
to a central point for connection with a pres-
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surized lime 1n order to control pressure in
the firing chambers

Table Il 11sts the pulleys, taper bushings
and belts provided to obtain engine speeds be-
tween 520 and 2700 rpm as indicated in Table IV

Electrical System

A schematic diagram of the mock-up
electrical system 18 given in Fig 42 Me-
chanical arrangements are such that elec-
trical components such as generators, volt-
age regulators, ignition harness, spark plugs

n
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Fig 41 Electrical Mock-Up



and magnetos can be replaced easily and
quickly The following replaceable accesso-
ries are provided unshielded, shielded, and
resistance-wire ignitionharness, unshielded,
shielded and resistance spark plugs, Delco
1101876 and Eclipse 310 generators, Delco-
Remy Voltage regulator, Autolite 23,742 Am-
meter, 12 vstorage battery, AC 7 ignition
switch, and Bendix Scintilla SF6LNS, Eise-
man LA4 and Eiseman LM4 magnetos

TABLE III
Mock-Up Engine Drive Accessories

2TB44 Pulleys {4 41 D
2TB56 Pulley {5 6 m D
2TB66 Pulley (b 6 in D

2 Browning,
1 Browning,
1 Browning,

1 Browning, 2TB154 Pulley(l5 41n D )
1 Browning, Pl Taper Bushing (3/4 1n  shaft)
1 Browning, Pl Taper Bushing (1 in shaft)
l Browning, Ol Taper Bushing(3/4 1n  shaft)
2 Browning, 2B68 Belts
2 Browning, 2BB5 Belis

STAGE V

IGNITION SYSTEM STUDY

Stage V of the work program called for
a complete study of \gnition systems and an
evaluation of all VHF noise sources Tests
were made using the aircraft electrical sys=-
temmoack-updescribed inStage IV of this re-
portand on aircraftusingthree different types
of engines

MOCK-UP TESTS

Technique

A comprehensive study of all hkely
sources of VHF 1gnition interference using
the electrical system mock-upwas made The
ERI-Federal VHF noise meter, described in
Stage 1 of this report, and a Measurements
Corp Model 80 Signal Generator were used
1in measuring the nowse voltages at the output
of a CAA V-109 antenna mounted on the an-
tenna bracket on the mock-up several feet be-
hind and above the engine The input of the
nolse meter was connected to a coaxial switch,
sothat1t could quickly be switched to the an-
tenna for nolse measurement, and to the signal
generator, for calibration
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The right magneto on the mock=-up was
modified by paralleling all six high-tension
output termnals, sothat the s1x impulses ob-
tained 1n one magneto cycle could be fed to
one spark plug This was done so that each
impulse would be 1nvolved with the same size
spark gap and the same length of 1gnition lead,
and to expedite measuring procedure The
top spark plug on the number one cylindetr was
connected to the paralleled magneto output

The lower spark plug on the number one
cylinder was loosened to permit air to es-
cape after the system was connected to an air
pressure system supplying a pressure of 100
ps1 By this means fresh air was forced
throughthe firing chamber and the ozone con-
tent reduced
sulted 1n an 1ncrease of about 9 db 1n VHF

Pressurizing the cylinder re-

nowse level However, even with the air
circulating, there was sti1ll a gradual re-
duction 1n noi1se ntensity after the 1gnition
was turned on Therefore, all comparative
nolse measurements were made after approx-
imately the same elapsed time of magneto
operation

Allnolse meter readings were taken at
a frequency of 115 Mc, with the engine oper-
ating at approximately 2, 000 rpm

Bonding Study

In the electrical system mock=-up of
Stage IV of this report, the magneto ground-
Ing wires, generator wiring, and oil-temper-
ature capillary tube all pass through one hole
in the firewall The cilpressure line and
tachometer shaft each pass throuph separate
holes Arrangementis were made tobond these
itemns and the shielding on the wires to the
frame by soldering them to a two-inch copper
disc bolted to the firewall

Noise-level rmeasurements made with
the noise meter were 1dentical before and
after the bonding operation The cowlhing was
closed and an Autolite automotive resistor
spark plug was 1n use at the tume the meas-
urements were made

Generator Study

Two types of generators were tested on
the mock=up These were a Delco Type 1101876
and an Eclipse Type 310 A switch was pro-
vided in the generator field circuit to permat
(1)normal operation with the voltage regulator,
(2) voltage regulationby means of an external
rheostat, and (3) making the generator inop-
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erative modified by shorting 1ts points so that 1t would

Noise measurements were made with
the cowling open and the igmition system
turned off Neither generator produced suf-
ficient noise to change the ambient noise
reading, which was equivalent to continuous
wave input of 0 16 microvolis to the nowse
meter, unless the field switchwas 1n the valt-
age regulator position It was found that
arcing at the voltage regulator contacts caused
a reading on the notse meter equivaleni to a
continuopus wave 1nput of 1 0 microvolts
Shunting the voltage and current regulator
pownts to ground with 680 u u f condensers
within the regulator unit reduced the VHF
noise level by 9 2db Closing the cowling
virtually eliminated VHF noise produced by
ithe repgulator contacts

Mapgneto Study

The VHF noi1se levels obtained with
three types of magnetos were measured with
the ER1-Federal VHF noise meter The mag-
netos were modified sothatallfiring impulses
would appear at all of the high-tension gutput
terminals The tests were made with the mag-
neto mounted on the right side of the engine
and connected to a resistor spark plug wn the

number one cylinder The spark plug was

not contribute to the noise level All meas-
uremenls were made with the cowling open

Noise meter readings equivalent to the
following audio frequency continuous wave 1n-
puts were obtained with the following magnetos.
Bendix-Scint1lla SF6LNB, 24 5 microvolts,
Eiseman LM4, 67 microvolts, and Eiseman
L.A4, 74 microvolts Thus, there 15 a dif-
ference of about 10 db between the several
magnetos tested

Noise-Suppressing Accessories

The noise meter was thenused in making
comparative measurements of the VHF noise
reduction obtained with the followwnp noise-
reducing devices on the mock-up resistance
tgnition wire {(Titeflex 165 ohms per foot),
resistor spark plugs (Autolite automotive},
combination of resistance wire and plugs,
and shielded 1gnition system (B G Shielded
spark plugs and Titeflex shielded ignition
harness) Initially, noise measurements
were made using a conventional ignition sys=
tem with no suppressing devices to establish
its noise level A series of tests was made
with the cowling open and another with the
cowling closed
mn Table V

Results obtained are given
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TABLE 1V

Mock-Up Enpine Speed Data

ENGINE SPEED RATIO
RPM Motor/Engine
520 6 289
662 0 3638
770 0 428
1200 0 666
1415 0 786
1525 0 848
1800 1 000
2285 1 270
2285 1 270
2700 1 500
Note

ENGINE MOTOR

PULLEY PULLEY BELT
2 TB 44 2TB 1 54 2 B 85
2 TB 56 2TB 1 54 2B 85
2 TB 66 2TB 154 2B 85
2 Th 44 2TB 66 2B 68
2 TB 44 2 TB 56 2B 68
2 TB 56 2TB 66 2B 68
2 THB 44 2TB 44 2B 68
2 TB 56 2TB 44 2B o8
2 Th 66 2TB 56 2B 68
2 TB 66 2TB 44 2B 68

Use Accessories ndicated in Columns 3, 4 and 5 to obtain engine speeds of Column 1

TABLE V

Test Data on Noise-Suppressing Accessories

Noise At Antenna Terminals

Noiee Suppression Used | Mockup, Cowhng Open | Mockup, Cowling Closed | Stinson Voyager Plper Crulser

Microvolts db Microvolts db Mlcrovolts db Microvolis db
None 1,400 0o 166 o 565 0 245 0o
Resislance Wire 440 -79 o9 -36 400 =30 175 -29
Resisjonce Spark Flugs 223 -139 53 -99 azo -49 43 =151
Reslstance Wire & Pluga 125 -89 34 ~138
Shislded Ignition 6 ~-452 cie -393 oe =370 oeg -290
Noles
(1) Microvolts obove 1s cw mpul 1o ER)-Federal Noisa Meter required for same outpul reading os

obtaned with noise

(2) db wvalues given ore relative,

the O db volue for aeach

test 18 differant

(3) Noee level mesasured on Ryan Novion, os supplied with shielded-ignition eystem, was ) 7 Microvolls

AIRCRAFT TESTS

Measurements were made on the various
noise-suppressing devices 1nstalled on three
aircraft withthree different types of engines
The tests were made on the ground, with the
same procedure as was used for similar tests
on the mock-up

Stinson Voyager (Franklin Engine)

Tests were made on the Stinson Voy-
ager airplane with the ERI-Federal VHF
noise meter connected through 30 feet of
RG-8/U cable to a CAA V-109 antenna on the
aircraft The antenna location was the same
as that used 1n Flight 4 1n Stage 11 of this re-~
port, and 1s shown in Figs 29 and 32 The



test data obtained 1s recorded in Table V

Piper Cruiser (Lycoming Engine)

Tests were made on ihe Piper Cruiser
arrplane with the ERI-Federal VHF noise
meter connected through 30 feet of RG-8/U
cableto a CAA V-109 antenna onthe aircraft
The antenna location was the same as that
used 1n Flights 1 and 2 1n Stage 1I of this re-
port, and 15 shown in Figs 29 and 30 The
test data obtained 15 recorded in Table V

A peculiar condition was observed on
the Piper Cruiser When the shielded 1gm-
tion system of noise suppression was used,
a noise peak of about 3 2 microvolts at 114
Mc was observed when both magnetos were
operating simultaneously, but this was re-
duced to about 0 8 microvolis when either
magneto was operating alone This was found
to be caused by a resonant condition in the
leads to the 1gmition switch It was found that
disconnection of the safety ground wire, lead-
ing from the magneto grounding switch to the
engine, corrected this condition, as did the
by-passing of each switch texminal to ground
with 100 ppf condensers Presumably bond-~
ing the ground wire to the fuselage at a number
of points also would have corrected the
trouble although 1t was noted that bondwng at
only one pomnt was of little value

Navion {Continental Engine)

The only noise-suppression system
tested on the Navion airplane was the shielded
ignition system with which the aircraft was
already equipped The antenna installation
on this aircraft was that given in F1g 29 for
Flight 9, of Stage II of this report The VHF
noise level was found to be of no consequence,
as wndicated in Table VI

CONCLUSIONS

1t 1s concluded that the ignition system
15 the cause of most of VHF noise on Light
arrcraft Arcing at the spark plug gaps
seerns to be the source of VHF interference,
and the 1gnition leads between the spark plugs
and magneto radiate the nolse energy created
thereby

It was found that the best method of VHF
noise reductionwas shielding the 1gnition sys-~
tern, but that satisfactory performance could
be abtained with resistance spark plugs By
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the use of resistance spark plugs, VHF noise
at the antenna terrminals was reduced 9 9 db
with the Lycoming engine on the mock-up,
15 1 db with the Lycomaing engine on the Piper
Cruiser, and 4 9 db with the Franklin engine
on the Stinson Voyager

STAGE VI
FLIGHT TESTS

The Stage VI work program called for
flighttests with three aircraft to evaluate the
performance of VHF noise-suppression sys-
tems, and determine the signal-to-noise ratios
obtained These flighttests withfour types of
alrplanes were mmade 1n Stage II of the work
programand are described completely 1n that
section of this report However, signal-to-
noise ratio measurements, made on only the
required three aircraft, not reported i1n Stage
II, will be described here

SIGNAL-TO-NOISE RATIO TESTS

Technique

Signal-to-noise ratio measurements
were made with the best VHF antenna instal-
lations onthe Piper Cruiser, Stinson Voyager
and Ryan Navion airplanes, using the shielded
1gnitior method of noise suppression The
tests were made at the double course-width
distances with the aircraft flywng toward and
awav from the range station An average of
the two readings thus obtained was recorded

The ERI-NARCCQO VHF noise meter was
used in making the actual ratio measurements
The procedure was to note the relative noise
meter output readings obtained with the omni-
range station 1n tune, and with the recewver
tuned off any si1gnals present Thus, the
ratios obtained are those of the audio voltages
at the omnioutput jack of the recei1ver re-
sulting from residual noise level and the 30
and 10,000 cps modulation of the omnirange
station

Piper Cruiser

The si1gnal-to-noise ratio measured on
the Piper Cruiser installation of Flight 2
(Figs 29 and 30) was 7 4 db

Stinson Voyager
The si1gnal-to-noise ratio measured on



the Stinson Voyager installation of Flight &
(Figs 29 and 32) was 5 4 db

Ryan Navion

The signal-to-noise ratio, measured on
the Ryan Navion installation of Flight 8 {Figs
29 and 33) was 7 9 db

CONCLUSICNS

The signal-to-noise ratios obtawned by
the method described give a pessimistic pic-
fure of actual conditions inasmuch as they
were made at a point preceding the noise
limiters n the receiver, and the ratios ob-
tamned are those of nowse peak voltages to the
30 and 10, 000 cps modulation on the VHF omni-
range station The measurements indicate
that the signal-to-noise voltage ratio on all
three aircraft at the double course-width dis-
tance 1s 1n the order of two to one

STAGE VII
VHF RADIO INSTALLATION MANUAL

Stage VII of the work program called
for the preparation of a simplified instruc-
tton manual on the reduction of radio noise
and the installation of VHF equipment 1n light
aircraft This manual, entitled "VHF OMNI-
RANGE RADIO INSTALLATION AND NOISE
REDUCTICN TECHNIQUES" 1s included as
Appendix I of this report

STAGE VIII
FINAL FLIGHT TESTS

Stage VIII of the work program called
for noise-suppression installations on Temco,
Luscombe, Ercoupe, Cessna, Bellanca,
Beechcraft, Navion, Piper Cruiser and Stin-
son airplanes, applying the techniques out-
lined 1n the VHF radic installation manual
The installations were made on the designated
aircraft, which were subsequently flight tested
The experimental technique used 1s given un-
der "Flight Tests" 1n Stage II of this report,
which also describes the flight tests and in-
stallations made on the Piper Cruiser, Stin-
son Voyager, Navion and Beechcraft air-
planes Additional details are also given in
Stage 111
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An outline of the wark done on the re-
mainng aircratt will now be given Table VI
15 a complete summar-of all flight test data,
and 1n some cases duplicates information pre-
viously presented Table VIIshows flight pat-
tern data not already shown in Table II

FLIGHT TESTS

Ercoupe, Fhight 13

The NARCO VRA-1 VHF receiwver and
associated equipment was installed in a Model
415G Ercoupe The recelver unitwas mounted
below the center of the instrument panel, and
the OBS dial and TO-FROM meter assembly
were on an alurinum plate over the right glove
compartiment opening The power supply and
omniconverter units were located on the fire-
wall 1n the cabin A CAA V=109 antenna was
mounted 26 inches behind the windshield on
the center line of the aircraft (Fig 43)

Flight 13 was made using the aircraft
as supplied without any noise-suppressing
devices Unsatisfactory results were ob-
tained due to the high 1gmtion noise level,
the course-width doubling at only 25 miles

Ercoupe, Flight 14

Resistance spark plugs were installed
onthe Ercoupe and Flight 14 was made under
conditions otherwise similar tothose of Flight
13 Measurements on the ground using the
ERI-Federal VHF noise meter revealed that
the VHF noise level at the antenna terrminals
was reduced from 44 to 25 microvolts with
the i1nstallation of resistance spark plugs

As canbe seen from the data for Flight
14, Table VI, and frorn the antenna patterns
wnFi1g 44, satisfactoryresults were obtained
Greater forward sensifivity indicated 1n the an-
tenna patterns apparently was not too severe

Luscombe, Flight 15

The NARCO VHF equipment was in-
stalled on a Model 8E Luscombe airplane as
shown 1n Fig 45 The controls and indica-
tors were located on the right side of the in-
strument panel The power supply and modu-
lator units, not visible i1n the photographic
view were mounted on the firewall above the
rudder pedals The CAA V-109 antenna lo-
cation, shown wn Figs 43 and 45, was above
the cabin, 34 inches behind the windshield

Prelimunary flights with the Luscombe,



TABLE VI

Flight Data Summary

Test #I Test #2 Tesi #3 Test # 4 Test & 5 Test #6 Test # 8 Tesl # 9 Sioge XTI
Arcrofi |Fught Illustrations) Suppression orse ;T::;“Dn CDUE:J::;'“ 20 Mile Course Daf;:::m' Readabality ;‘:::':::nmzr Bearing Error A1 20 Miles, | Bearing Error In 30° Bonk, T:T:La
Fig No's Used widih, Degress Limnt, ! Deqr Degraes
108 (115 [1z2 [Dstance Mie Dagraas Mies | 1800[2100[2400 grees og! Ratie
me [me [mec | To [From NorihEas! [South[West]| To [From rpm| rpm| rpm| N NEJE{SE| S [SW] W INWEN [NE[E [SE| S [SW] W [NW db
Piper ! 37,308,495 | ResPlugs | 19| |5 |16 (48 | 46 | 25 |34 (25 |39 | 3 3 53 3 3 15
" 2 |37,38,39,45| Shielded 05(07|05]| 49 |47 1303027 (33|15 | © 53 3 3 IS |~ 1]O[-1|Q{O[O[C 45 Q[0 |(-6 Ld& -GL& 74
' 3 | 26, 37,45
Stinsan 4 37, 40,47 | Res Wire 55146 /50| 36 ]34 135 )40 140 ] 45| | I 45 3 0 s
" 5 | 37,40,47 |Res Plugs | 18| 15|16 | 49 |46 [35) 35|34 25| 3 [ 15§ 54 3 0 0
" 6 ]37,40,45,47| Shielded 05, 07|06| 53 |53 [ 303451 [37]15) 0 56 3 0 o] tlrjegjejojprg-tprjryr]islof-3-3 -3’-45 54
7 37,45,47 ' 05|07 |06 43 |48 (30|37 (30 38|15 1 54 15} 0 o]
Navion B [37,41,45,48  Shielded 03,0404 |48 |48 [38 39 |37 (42|15 |15 57 o] s} o |o[-|-1{0o|o|O]|-1}O)-3]-a5 0 [|3| ! ]|0Q]|-3M45 79
' 9 | 37, 45,48 u o2lo2|02|46 |44 [3T[39 |38 (40| O 0 53 3 [} i5 {
10 |37,42,45,48 " ce2|02|02 |36 (37 |38 |40 |38 | 4l 3 3 48 15115 3
Beechcraft | 1 | 37, 43,45 | Shelded Calp4 /05145 46 [35]142 )35 [43)15]15 54 0 =] o
! 12 | 37,4445 " 0310404 32 (46 (34| 50 [ 37 | 41 15 o] 15
Ercoupe | 13 535,566 None 45| 36| 30| 25 |25 |40 |65 |40 |75 3 3 37 0 0 Q
n 14 55,56 (ResPlugs | 20| 16| 14]1 45 |4a5 (29|33 |35 (33 3 3 55 o [} o
Luscombe| 15 [55,56,57,58 | Res Plugs | 16 | 11| (0|47 |47 |a1 |a |43 |as| 3 [15|S528 M| 3| o o
’75w|l1 16 [55,56,59,60| Shigided (04|04 04| 55 55 [38| 4l {37 (40| 3 |IS 62 15,158 o
Bellanco | |7 |55,56,60,62 | Def Shield |46 | 28 |30 | 34 | 34 | 45| a8 | 42 | 50 42 310|118
16 |55,56,61,62) Shielded |04)04|04)45 | a5 y38| 39 )38 (42 |15] 5 50 | 3|05
Cessna | 19 |55 56,63,64|Def Shield |45 |35 |31 |35 |35 38|36 (35|43 3 | 3 43 3lo]| o
" 20 [55,56,63,64] Sheided |03[o0a(0a| a7 [ a7 |35(40|35 a2 0| 0 54 3|o| o

» Volts at oulpul of ERI-NARGO VHF noise meler See Fig 7
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Fig 43 Antenna Locations for Stage VIII Flight Tests
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Table VII

Stage VIII Flight Pattern Data

* Relotive Recewed Voltoge At Heading Of Altitude Disionce | Altenuator

Awcraft | Flght =55 T25" [ o0° | 135° | 160° | 225°] 270" | 315" Fes! Miles db
440 | 260|170 | 420]| 300|360 [ 190 | 320 1000 15 12

Ercoupe 4 360 | 250 | 160| 320| 280|320 | 180 | 310 2000 15 12

480 | 380 | 220 | 450 470 [ 410 | 250 | 450 4000 15 12

350|350 | 290 370| 290|350 | 120 | 2 60 1000 15 2

Luscombe 15 2401 240, 300| 250 300|260 | 360 | 350 2000 15 12
290|350 | 350 | 240| 290|250 | 340 | 350 4000 15 12

380330 | 130{240| 360|370]| 120|260 1000 15 12

Swift 6 360| 330|170 250| 3801310 | 130|260 2000 15 12

2401 3101330 330|270 | 320)| 310 | 330 4000 15 12

320| 320160 210|270 220) 130 | 250 1000 18 12

Bellonca I8 410|440 | 330 | 300|440 (440|280 | 430 2000 18 12
460|440 (410 | 240440430280 | 410 4000 18 12

210 | 180 [ 140 | 120 | 180 | 150 | OBO | 130 1000 25 12

Cesena 20 | 310 | 320( 190|310 [240]| 250|170 {310 2000 25 12

400| 320|240 240| 320|260 130 | 250 4000 25 12

#* Volts ot output of ER| - NARCO VHF
Usa with Attenuctlor value and Taoble 7

using nonoise-suppressiondevices, produced
results which were almost satisfactory Re-
sistance spark plugs were installed, reducing
the noiwse level at the antenna terminals, as
measured on the ground with the ERI-Federal
VHF noise meter, from 19 to 1 7 microvolts
before Flight 15 was made

Excellent results were obtained in all
flight tests See Table VI and Fig 44

Globe Swift, Flight 16

The Globe S5wift aircraft used for fhight
tests was one manufactured by the Globe Com-
pany and 1s of the same type now being made
by Temco Fig 47 shows the recewer in-
stallation on the Swift Model GC1B Airxcraft
which was flight testea The recelver unit
was mounted below the center of the mstru-
ment panel and the OBS and TQ-FROM meter
assemblywere on an aluminum panel over the
right glove compartment opening The power
supply and ormniconverter units were mounted
on side structural members above the right
Tudder controls A CAA V-109 antenna was
mounted on the center line over the cabin
11 5 inches behind the windshield, as shown
in Figs 43 and 48

noise metar
to obtaln RF inhput

The aircraft was tested with the shielded
1ignition system as installed at the factory
Prelitninarynoise measurements on the
ground indicated that the noise level was low

Excellent results were obtained on all
flighttests, the double course-width distance
being 55 miles and readability limit 62 males
See Table V1 The flight patterns, Fi1g 44,
were almost 1deal

Bellanca, Flights 17 and 18

A Bellanca (Model 14-13-2) airplane with
factory-installed shielded 1gnition systermn was
used 1n Flights 17 and 18 Fig 49 shows the
VHEF 1installation The receiver unit was
mounieq below the instrument panel, and the
OBS dial and TO-FROM meter assembly were
mounted on an aluminum panel over the glove
compartment opening The power supply and
omniconverter umts were placed on the floor
at the right 1n a temporary manner A CAA
V=-109 antenna was located above the cabin
Just behind the windshield as shown 1n Figs
43 and 50

Preliminary measurements on the
ground revealed a veryhigh VHF noise level
The DI fluctuated wildly during the imtial
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LUSGOMBE FLIGHT 15
V-109 ANTENNA OVER GABIN

ERGOUPE FLIGHT |4
V-109 ANTENNA OVER CABIN

SWIFT FLIGHT 16
V=109 ANTENNA OVER GCABIN

Fig 44 Stage VIII Flight Patterns
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BELLANGA FLIGHT 18
V-109 ANTENNA OVER CABIN

ALTITUDE
1000 FT
2000 FT —-—--
3000 FT -=—=--—--
|
| f/
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[
r/ ; )
]
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/ | -

GESSNA  FLIGHT 20
¥-109 ANTENNA OVER GABIN

Fig 44 (Continued)

warm-up, however, Flight 17 was made, but
with the generally unsatisfactory results in-
dicated \n Table VI

An investigation of the shielded 1gnition
system revealed many loose connections
Loose packing nuts at both the magneto and
spark plug ends of the i1gnition wiring were
found The entire shielded 1gnition system
was pgone over carefully and repaired Meas-
urements on the ground with the ERI-Federal
VHF noise meter revealed that the noise level
was reduced to3 3 macrovolis Flight 18 was
then made The flight data, Table VI, re-
veals that the double course-width distance
increased from 34 to 45 miles as a resultl of
the repairs and that an acceptable installation
was obtained

Cessna, Fhghts 19 and 20

The recewver installation shown n Faig
51 was used on a Model 140 Cessna aircraft
for Flights 19 and 20 The recewver unit was
mounted behind a meter opening at the upper
right of the instrument panel The OBS dial
and TO-FROM meter assembly were mounted
on an aluminum panel over the left glove
compartment opening The omniconvertes
and power supply units were temporarily
mounted on the floor between the rudder
pedals A CAA V-109 antenna was mounted
on the center line of the aircraft above the
cabin 10 inches behind the windshield as shown
in Figs 43 and 52 Flight 19 was made be-
fore any changes were made n the factory-
wmstalled shielded igmition system, eventhough
preliminary ground measurements indicated
ahigh VHF proise level As can be seen from
the data 1n Table VI, poor results were ob-
tamed

Inspection of the shielded 1gnition sys-
tem revealed loose shield packing nuts at the
spark plugs and magneto The shielded sys-
termn was gone aover carefully and all loose
connections secured, after which the noise
level, as measured withthe ERI-Federal VHF
noiwsé meter, was reduced to 1 7 microvolts
at the antenna fermunals

Flight 20 was made after the afore-
mentioned repairs were made on the shielded
ignition systern Thedata in Table V1 reveals
thatexcellent results were obtained, the double
course~widthdistance having increased from
35 to 47 miles The antenna patterns, Fig
44, show rather small lobes to the rear, but
this di1d not prevent the obtaiming of acceptable



70

Fig 45 V-109 Antenna on Luscombe

Fi1g 46 Luscombe Receiver Installation
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Fig 49 Bellanca Recewver Installation
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Fig 50 V
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Cessni Recewver Installation

Fig 51
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flight performance
CONCLUSIONS

The flight tests reveal that satisfactory
VHF installations can be made on light air-
craft by following the recommendations out-
lined 1n the VHF radio installation manual of
Stage VII A good V antenna location on most
light aircraft 1s over the forward part of the
cabin on the center line of the aircraft Of
the nine aircraft tested, on only one was a
better antenna location found (tail-cap loca-
tion of the Navion}

The exact location of receiver compo-
nents 1s not critical In none of the nine air-
craft was 1t found necessary to change the
receiver location to obtain satisfactory noise

T4

reduction

Employment of resistance spark plugs
w1ll provide satisfactory i1gnmition noise re-
duction 1n most aircraft, provided the VHF
recewver has properly designed noise limiter
circuits
suppressionappears to be the shielded 1ignition
system A disadvantage of shielded 1gmtion
systems 1s that they are wneffective unless
good electrical and mechanical connections
are wnitially made and mawntained

However, the best system of noise

Mention was made of near-acceptable
performance being obtained on the Luscombe
without any nolse-suppressing accessories
This was undoubtedly due to such details as
the good overlapping contact made along the
edges of the cowling cover (Fig 53)
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APPENDIX 1

VHF Radio Installation Manual
for
VHF Omnirange Radio Installation and
Noise Reduction Techniques

INTRODUCTION

This VHF radio installation manual 1s
a briefpresentation of equipment instaliation
and radio noise-reduction techniques. An-
tenna locations giving good signal and good
omnicourse characteristics are shown tor
mine types of light aircraft The radio equip-
ment location, which 1s comparatively non=-
critical, has been omitted

VHF NOISE REDUCTION
IN LIGHT AIRCRAFT

The General Problem

Noise in VHF (very high frequency)
radio recei1vers 1s produced by electrical
arcs in the proximity of the recewving an=-
tenna Thus onaircraitthe continuous arcing
or sparking that necessarily occurs at the
spark plug points causes an equally continuous
noise 1n the VHF recewver Other electrical
equipment can also cause VHF nowse, but 1t
has been experimentally determined that al-
most all VHF interference on Iight airplanes
18 due to arcing at the spark plugs

The VHF noise produced by this arcing
1s radiated into surrounding space by the
wires connected between the spark plugs and
magneto The ignition wires perform the same
functiwon as far as nolse 18 concerned, as does
the transmatting antenna at a radio station
Thus, the VHF receiving antenna on the air-
craft picks up the noise radiated by the i1gni-
tion wires

The general problem, then, is to place
the VHF recewving antenna at a point on the
airplane where 1t will have the greatest pos-
sible sensitivity for desi1red signals and a
minimum Tesponse to noise radiated by the
ignition system, and to do everything pos-
sible to reduce radiation at 1ts source When
these requirements are met, excellent per-
formance can be expected from VHF omni-
range recelver installations up to slightly be-
yond line-of-s1ght distances from the sending
stations (about 45 miles, at an altitude of
1,000 feet and up to 80 miles at higher alti-
tudes)

76

Antenna Location

The bestlocationfor the VHF V receiv-
ing antenna on most small aircraft 1s over
the forward part of the cabin The antenna
should be mounted so that the apex of the V
points forward, and so that the plane of the V
15 horizontal i1n level flight A list of some
antenna locations on a number of popular
small aircraft giving the distance back of the
windshield in inches follows

Piper 7
Swift 11
Ercoupe 26
Bellanca 4
Stinson 13
Luscombe 34
Cessna 10
Beech Bgnanza 35
Navion 6 to 10 1n above tail cap

(With CAA Approval)

Figs 54, 55 and 56 are outlines of
these ai1rplanes indicating the antenna lo-
cations Inapplyingthis nformation in prac-
tice 1t 1s important to see that other metal
protrusions, such as antennas, on the air-
plane are atleasttwo feet away from the VHF
V¥V The lead-in between the antenna and the
recewer should be of the type recommended
for use with the particular equipment invalved,
and runby as short and direct a route as con-
veniently possible

Resistance Spark Plugs

On most airplanes having unshielded
ignition the noise radiated by the 1gnition sys-
terncan be reduced to a satisfactory level by
the installatign of resistance spark plugs of
a type approved for the engine These plugs
greatly reduce the VHF noise voltage on the
tgnition wires, and consequently the VHF
nowse radiations However, some 1gnition
nolse may be heard i1n the phones or speaker

Shielded Ignition Systems

Many modern airplanes are now factory
equipped with shielded 1gnition systems
Shielding kits and accessories are available
for installation on other aircraft

Shielded 1gnition systems have the ad-
vantage over resistance spark plugs of giving
more complete VHF noise suppression How-
ever, they are more expensive and difficult
to wnstall Shielding the ignition system en-
cases 1n metal all parts of the circuits which
might radiate VHF noise Special spark plugs



must be installed, and i1gnition wire having a
metallic-braid covering and special end con-
nectors must be used between the spark plugs
and magneto A shielded metal cover for the
magneto 1s alsonecessary Insulating
washers must not be used between mating
surfaces of shield connectors and the con-
nectors mustbe tight All connections should
be periodically inspected to insure that they
are mechanically and electrically good

Practical Application of Noise-Reducing
Techniques
On aircraft equipped with shielded 1g-

nition systems

(1) Install VHF recewving equipment as
recommended in instruction book supplied
therewith Proper shock mounting of the re-
cewver 1s highly recommended since excessive
vibrations may cause erratic operation es-
pecially at greater distances fromthe station

(2) Install V antenna as recommended in
the Antenna Liocation section and the figures
of this pamphlet

(3} Inspect shielded 1gnition system to be
sure that all connections are electrically and
mechanically secure

On aircraft not equipped with shielded

lgnition systerms

(1) Install VHF receiving equipment as
recommended in wnstruction book supplied
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therewith Proper shock mounting of the re-
cewver 15 Tecommended for reas ons stated
previously
(2) Install V antenna as recommended 1n
the Antenna Location sectlion and the figures
of this pamphlet
(3) Replace all spark plugs with 10, 000
ohm resistor plugs of a type approved for the
engine
Interference other than i1gnition noise
In case electrical noise still exists
after following the instructions, inspect the
voltage regulator and generator to determine
that they are 1n good operating condition
Wires associated with the i1gmtion system
should not be paralleled and tied to other
electrical wiring
Interference from electrical equipment
other thanthe ignition system 1s usually much
less than that produced by the 1gnition system
itself In view of this fact, and since there
are other publications which deal with these
problems in great detail, no attempt to out-
line corrective measures has been made in
this manual Ifinterference other than 1gni-
tion noise 15 encountered, reference may be
made to Stage V of the main report or to the
following publication
""Elimination of Radio Interference wn Air-
craft - NAVAER 16-50-517" March 1, 1946
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Bellanca Ryan Navion Model 1949 Piper Cruiser

Fig 54 Location of V-109 Antenna on Aircraft
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Fig 55 Location of V-109 Antenna on Aircraft
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reech Bonanza 35

Syinson Voyager Model 150

Fig 56 Location of ¥-109 Antenna on Aarcraft



APPENDIX 11
Additional Flight Tests

Due to the results obtained in Flight 10
using a NARCO antenna, it was deemed ad-
visable to make further tests of this antenna
at the Technical Development and Evaluation
Center

A V-109 antenna was mounted over the
hatchofa DC-3 aircraft and tests Nos 2, 3 and
5 as describedunder Stape I, " Flight Tests,"
of this report were made, using NARCO re-
ceving equipment This antenna was then
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removed and a NARCO antenna mounted 1n
the same position The same flight lests
were repeated, using the same equiprnent
and the same VOR station

For further comparison, a Cessna 140
and a Stinson Voyager having NARCQ antenna
and receiving equipment already installed
were used in obtaining data on the flight tests
mentioned previocvsly

The results of these flights are shown
in Table VIIT [t 1s concluded thatwith proper
naise suppressian and antenna location, the
NARCQO antenna performance will be nearly
equivalent to that of the V-109

TABLE VIII
TEST NO 2 TEST NO 3 TEST NO 5
DOUBLE
TYFPE ANTENNA  SUPPRESSION COURSE WIDTH 20 MILE COQURSE READABILITY LIMIT
ATRCRAFT AND LOCATION USED DISTANCE MILES WIDTH DEGREES MILES
Ta From North East South West
DC-3 V-109 Shielded 45 5 46 30 32 30 31 50
over hatch
DC-3 NARCO Shielded 43 44 30 29 30 29 47
over hatch
Stinson NARCOQ
Voyager 12 inches Nane 37 30 38 35 3z 35 40
Behind Windshield
Stinson NABRCO Resistance
Voyager 12 inches Plugs 41 39 35 35 35 40 43
Behind Windshield 10,000 ohm
Cessna NARCO
140 10 inches Shieided 43 41 3z 30 30 32 47

Behind Windshield

GPO 81-102100



