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DESTRUCTION OF
ABANDONED MATERIEL IN THE COMBAT ZONE

In case it should become aecessary 1o prevent the capruee of this equipment and when ordered to do so, DE-
STRAY IT SO THAT NO PART OF IT CAN BE SALVAGED, RECOGNIZED OR USED BY THE
ENEMY, BURN ALL PAPERS AND BOOKS.

L. Explasives, whea provided.

2. Hammers, axes, sledges, macheies, or whatever heavy object is readily available.

3. Burning by means of incendiaties such as gascline, oil, paper, or wood.

4. Grenades and shots from available arms.

$. Burying all debris or disposing of it in streamss or other bodies of waier, where possible and
when ime permics,

Procedure:—
1. Obliterate all idearifying macks. Destroy nameplates and circuir labele,
2. Demolish all panels, castings, switch- and insirument-boards.
3. Deseroy all conerols, switches, relays, connections, and merers.
4. Rip our all wiring and cuc interconnections of elecirical equipment. Smash gas, oil, and wat
cooling syslems in gas-engine pensrators, erc.
5. Smash every electrical or mechanical part, whether rorating, moving, or fixed.
G, Break up oll operating insirumencs such as keys, phones, microphones, etc.
7. Destroy all classes of carrying cases, straps, containers, eic,
8. Bury or scatter all dehris.

DESTROY EVERYTRING!

S

Unsatisfactony Reponts

Unsatisfactory reports from the ficld are the most effective means available for correcting any condition that
results in fowered operacing efbciency.
R ch and changes in production aiteraft ace dependent upon sufficient evidence available that indicates

engineering changes are required.

It is urgently requested that UNSATISFACTORY REPORTS be aubmitted by the pilots, mechanics and
others wha may have contact with aircraft radio instalfations which are noisy. The Unsatisfactory Reports
should be as complete as possible aad, above all, shoud rontain the following data;

1. Complete dara on aitplane type, ait corps serial number and engine rype and serial number,

2, Type of radio equipment inscalled,

3. Candition of engine ot electrical equipment which moy affect the radic reception.

4. Anempts made to correct the trauble.
d

The Air Technical Service Command will endeavor to supply any additional information which is tequeste
and will inveaigate all UNSATISFACTORY REPORTS which are submilted by the Services on radio noise

probiems.
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SECTION |
INTRODUCTION TO AIRCRAFT RADIO NOISE

1. PURPOSE.

The purpose of this handbook is to acquaint main-
tenance, communications, and engineering personnel
with the types of radio noise which cause incerference,
and to give them working knowledge of the techniques
of naise suppression so chac radio communication may
be maintained at optimum efficiency at all times. It is
intended as a guide to cnable ficld personnel to deter-
mine the type of intecfercnce, to locate its source, and
ta provide a means for its climination of suppression.

2, IMPORTANCE OF RADIO NOISE
SUFPRESSION.

The importance of aircrafc in modern war is no
longec questioned. However, the effectiveness of mili-
tary aircrafe in any aperatioa is greacly reduced by the
presence of radio noise in radio and radar equipments,
(Sce fig. 1-1)

4. The successful accomplishment of a tactical mis-
sion, the life of the crew members, and che safety of
critical, hard to replace, and costly material, is depend-

APPROALCHING
PANFUL LEVEL —

RANGE IN MILES LOST DUF 1O
HIGCH RADIO NQISE LEVEL 1

HGH AUDIO NCist =]y
ARVEL RESULING
FIOm MIGH RADID
NOISE 1EVEL

SOl S S
DECREASES AS DISTAN
?ﬁi‘f“‘c;i :;“gﬂnmw S\ fROM GROUND STATION
Wil A (OW RADIQ NOISE INCREASES

\EvEL

OPNMUM AYOKO
NOI4E 1EVEL
BESULTING FROM 2
LOW RADK) NOISE
VY i 1§

v OIS TANCE N MILES FROM GROUND STATIQN === ™

Figure 1-1—Chart Shawing Noise Level

ent upon the satisfactory operation of all radio and
radar equipment installed in the aircraft. It 55 obvious
that any potential source of radio noise that lowers the
optimum operating capabilities of the radio or radar
equipment should be investigated promptly and effec-
tively removed.

&. For the above reasons, the radio noise problem
should be thoroughly investigated by all communica-
tions, cnginecring and maintenance personoel from
scaff officers to the personne! responsible for the success-
ful operation and proper maintenance of radio and
radar equipment in the ficld.

3. DEFINITIONS AND TERMS.

As the suppression of radio noise is 2 comparatively
recent development, words and terms have been coined
to keep pace with the progress and new problems in-
volved, These terms and words are in general used by
those working toward a complete solution of the radio
noise problem. As the problem progresses, new tecms
or revisions of terms will be added from time to time.

a. RADIO NOISE.—This is any electrical disturb-
ance which causes an undesirable tesponse or mal-
functioning of any electronic equipment. This disturb-
ance conveys no intelligence and performs no wuseful
fuaction. It can be further defined as an electromagnetic
radiation capable of being intercepted by the radio re-
ceiver antenna and being translated by the receiver
into clectrical output having no useful function. Radio
noise has no specific character, it <an appear as a seties
of clicks, popping or buzzing sounds, or a continuous
roar. it 35 similar in nature to the intelligence or vseful
signal, i.e., it is generated, transmitted, radiated and
intercepted in the same manner as that signal utilized
in the transmission of intelligence or useful signals.
The presence of radio noise is indicated by an audible
signal in the headsct or by a visual indication on meters
or other visual indicating devices. (See fig. 1-2.)
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e /i e SHIPS ANTENNA RECEIVES
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ENGINE IGNITION SYSTEM GENERATES & RADIATES &
TRANSMITS RADIO NOISE SIGNAL. }

Filgure }-2—[ndicator Fluctuating Caused by Noise
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Figure 1-3—Nolse Areas
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b. RADIQ NOISE LEVEL.—This 1s the amplitude
or amount of radio noise as measured in the output of
the receiving cquipment. Radic noise levels are ex-
pressedd in ehe following ways of micasuzement:

{1) Audible {Volts or decibels}

(2) Video {Amplitude of partern distortion}

(3) Visual {Amount of deAectivn of indicaciag
pointer of other visual indicator device).

¢ INFIERENT RECEIVER NOISE LEVEE.—This
is the amplitude or amount of radio noise generated
within the receiviog equipment itseif, 1t is caused by
theemal agitation and shot eflect in the receiver input
stages. Inberent recciver noise is measured wich the
external antepna disconnected and the receiver antenna
termianl connected 1o ground through a suitcbie dummy
antenna. All volame 2ad gain cooregls, internal and
cxteenal. are fully advanced when inherent recciver
noise is measured,

4. INHERENT BACKGROUND NOISE LEVEL —
This ix che amplitode or amwouat of rudio noise apparent
in the output of the recciving cquipment when con-
nected o the aircrafc antenna, It is the result of iaherent
receiver noise plus the armaospheric disturbances picked
up hy the antenaa,

CAUTION
receution should be teken to insuse that
inherent background noisc is mcasured when
ween cxdlio npolse is at a minimum.

e. AREA RADIO NOISE LEVEL.—This is the am-
phicade or amanat of fadio paise apparent svithin a
certain area and is duc o acmospheric disturbances,
inherent receiver noise and radio noise caused by the
opetativa of any tadio noise producing equipment such
as aumtomobiles, trucks, tugs, scooters, airplanes aad
other ourside sources nor assaciated wich the equipment
boing eested. (See hg. 1-3.)

f- RADIO NOISE-FREE AIRPLANE.—This is one
in which the normal operation of any clectrical or
cleceronic equipment instailed in the aieplane cannot
be detected in any manoer in any seceiving equripnient
installed thercin, This condition is che ultimate goal
of ail aircrafc radio noise suppression technique.

4, SOURCES OF RADIO NOISE.

‘The origin or sovrces of radio noisc are divided into
the following three general groups:

a. ATMOSPHERIC NATURAL DISCHARGES —
These are commonly referred to as scatic. These phe.
aomena are the result of cloud formations, air currents,
rain snow and other weather conditions in general.
(Sce fig. 1-4.) |

6. PRECIPITATION STATIC—This sourcc of:
radio noisc is only noticcabie while the airplane is in!,.
Right and is the result of the accumulation of elecrrical
charges on the externzl surfaces of che airplane while
flying through snow, rain, dust storms, or regions of
clecerical acrivity in the acmosphere. These accumulated

Section 1
Paragtaphs 3b-5

Fiqure 1-4—Natural Static Discharges from Clouds

clectrical charges leak off the airplance structure at peri-
odic intervals and cause radio noise volrages o be in-
duced in che antenna system of the receiving equipment.
{Sce fig. 1-5.)

c. MAN-MADE RADIO NOISE—This noise is
caused by ciecreical rransients which occur during the
operation of electrical or clectronic equipment. {Sce
fig. 1-6.) In bricf, man-made radio noise will be gen-
crated whenever an elecrrical circoic is opened or closed
abruptly, such as by 3 relay, commutator or other make-
and-break  devices. A similar condicion exists svhen
Jarge amouncs of curcenr are periodically and abruptly
starred and stopped, as in radac ciccuits. MAN-MADE
RADIO NOISE is also generated by the stacic charge
produced by beli-driven equipment. This charge is
caused by friction berween belts and puileys. The above
conditions cannot be overemphasized. An clectric spark
is 2 prolific gencrator of clectrical disturbances which
appear to cover the eadice radic frequency spectrum.

5. METHODS OF SUPPRESSING
RADIO NOISE.

Suppression of radic noise has advanced to the point
swhere the proper application of available techniques
will insure -thar receiving equipment instatied in the
atrcraft-will operate at oprimum efficiency.

3
|
~\
.

%

Figur: 1.5 Airplane Flying Through
Chorged Particles
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P
!
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RADID NOISE RADIATES
ROWM MOTOR e

WRLS RADSATE

NO FTER
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DO NOT RACEATE RATSO
NOISE traaGy

Figure 1-7—Noise Eliminotion with on
Efectricol Shield

«. Elimination mecthods for atmospheric electrical
discharges have beca investigated by research labora-
tories for years buc little has been developed to cure
this material phenomena. These are special noise lim-
iting and silencing circuits built within some receivers
which help to limit che effect of armospheric discharges.
However, no practical ciscuic has been developed that
will entirely eliminate such eflects.

b. The elimination of precipitation static can be
alleviated by the installation of static dischacge devices,
- This and other measures which will further suppress
precipitation static are discussed in greater details in
section IV.

c. The suppression or elimination of MAN-MADE
RADIOC NOISE is based on the premise that if man-

Figure 1-8—~Noise Elimination with a Filter

made it can be man-corrected. Four types of suppression
techniques are involved.

(1) ISOCLATION.—This technique iavolves the
physical and eleccrical separation of radio noise sources
and receiver input circuits.

(2} BONDING.—This technique iavolves the
electrical interconnecting of mecallic equipment and
parts by means of a low impedance connector.

{3) SHIELDING.—This technique is the complete
enclosing of radio noise sources within adequate radio-
frequency shielding container. {See 6g. 1-7.)

{4) FILTERING.—This technique involves the
proper instailation of adequate flters at a noise soutce
io such a manner that the tadio noise energy is sup-
pressed 3t its source. {See fig. 1-8.)

RESTRICTED 1.5
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SECTION 11
DEYECTING, LOCALIZING AND MEASURING RADIO NOISE

/

1. EQUIPMENT IN GENERAL.

In selecting equipment to be used in detecting, identi-
fying and localizing radio noise, keep the following
factors in mind:

a. Capabitity of indicating presence of radio noise
and translating the noise energy into a measurabie form.

5. Capability to lacate source of radio noise detected.

c. Simplicity of operation.

4. Availability.

As unsatisfactory operation of radio and radar equip-
meat is the most important reason for the elimination
of radio noise, the logical choice of equipment to be
used for detecting, localizing and measuring radio
noise in the radic and radar equipment instailed in the
airplane. Practical use has provea thar this equipment
is entirely adequate. Therefore, no excuse is apparent
for the toleration of any radio noise becanse of fack
of test equipment.

2. DETECTING EQUIPMENT.

As radio noise energy covers the entire radio fre-
quency spectrum, the use of receiving equipment that
will effectively transiate those frequencies into 2 form
of energy that can be easily measured is necessary. For
this reason, the zircraft radio receiver (fig. 2-1), makes
2 fine detecting device with little or no modification.
The following ourlines are guides for the use of various
receivers for radio noise detecting.

2. RADIO SET SCR-522 (*}.—This radio set is an
excellent piece of test equipment for detecting radio
poise throughout the frequency range of 100 to 150 mc.
In selecting crystals for the four bands, it is considered
good practice to install crystals with frequencics that
will enable the receiver to operate on or near 100, 120,

Figure 2-1—Using Rodio Receiver for
Noise Detection
®Applies ¢o apy madel.

S ——n
3
»

g
0
2Oy

we22 TRANS

Figure 2-2—Headset Connections to Transformer
—~Radio Set SCR-522

140, 2nd 150 mc. This gives four spot {requencies dig-
teibuted weil over the entire frequency range of the
receiver. These frequencies should not be near any
tower frequencies. In making radio noisc tests, only
Radio Receiver BC-624 is used. When cxiremely scrong
noise fields are being detected, it may be necessary to
reduce the sensitivity of the receiver by dewuning slighely
to prevent overloading. This is accomplished by ad-
justing the radio frequency receiver tuning conirol
Care must be exercised in using Radio Ser SCR-522 (*)
for radio noise tests as there are two widely different
models available and each requires special considera-
tion and operases under different condirions when used
for radio noise tests. These two modcls have one adjust-
ment \u commen. This is the position of the audio out:
put lead on the terminal board of transformer No. 296
{Sce Gg. 2-2.) When Headscts HS-33 arc used, tap No. 6
should be ia use. When Headset HS-23 s used, tap No. 7
should be vsed.

{1} RADIO SET SCR-522-A.—This radio set
commonly cailed the uomodified model, is usually
equipped with Radio Receiver BC-624-A and is easily

-

O  AUDIO RELAY

2

0O g b
236 237

Figure 2-3—"AUDIO" and "RELAY" Controls—
Radio Set SCR-522
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Figure 2.-4—Modificotion Stamp on
Receiver Unit BC.824-4

adjusted for use in detecting radio noisc. After four
receiving erystals spotted throughour the frequency
raspe have been installed and the ceceiver tuned for
maximum sensitivity as described in instzuction book
Radio Sect SCR-522 T.0. No. 08-10-105, “AUDIOC
CONTROL" (236) is adjusted by turning slotted shaft
to full clockwise position. {Sec fig. 2-3.) The squclch
“Reluy Control"” sloukd shaft 237 also is turned fully
clockwise. The receiver is now adjusted for maximum
susceptibility to radio noise.

(2} MGDIFIED RADIO SET SCR-522-A.—
Radie Receiver BC-G24-AM, 3 modified version of Ra.
dio Recciver BC-624-A, can be identificd by the large
red or black “M” stamped on its top and the "M” on
its numeplate. (Sce fig. 2.4} In order to use Radio Re-
ceiver BC-625-AM, it will be necessary to make the
same adjustmene as is made in the unmodificd Radio

Figure 2.5—Connection of Jumper befween
Terminais of Noise Limiter Tube

Section I
Paragrephs 2a(1)-2h

Sec SCR-522-A which consists of rotating the “AUDIO"
and "RELAY" controls 10 the full clockwise position.
In addition, it will be nccessary to connect a jumper
between (ceminals No. 5 and No. 8 of noise limiter tube
12HG. (Scc fig. 2-5.) This will release the noise limit-
ing action of this circuit and the receiver will have
essentially the same sensitivity characteristics as the
unmodificd Radio Set SCR-522-A. The use of Radic
Receiver BC.624-AM, even with the noise limiter ter-
minals shotred, is not recommended for radic noise
tests because of the fact that the noise Jimiting action
is not entircly eliminated by shotting out terminals
No. 5 and No. 8 of the noise fimiting tube. Whenever
possible, use Radic Set SCR-522-A withour the noise
limiting tube for conducting radio noise tests.

b. RADIO RECEIVER BC-348.—For detecting radio
noise throughout the frequency range from 150 mc (o
18 mc. Radio Receiver BC-348 is very sarisfactory with-
cut any modifications, The receiver is operated in its
normal maoner with “"MAN" “AVC" switwch in the
“MAN" position, the crystal in “OUT” position, the
“C.N. OSCILLATOR” in “CGFF" position and the
volume controls at full "INCREASE VOLUME.” When
extremely strong noise G¢lds are being detected it may
be pecessary to reduce the seositivity of the receiver
by decreasing the volume to prevent overloading.

N4

SQUELCH

Figure 2-6——Recelver R-77/ARC-3—
Squeich Control Setting
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Figure 2-7—Receiver R-77/ARC-3—Connecfing
Jumper on Tube V214

RECEVIR
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Figure 2-8—Receiver R-77/ARC-3—Connections
fo Transfarmer T206

T. O. No. 16-1-45

¢. RADIO SET SCR-274-N, RADIO RECEIVERS
BC-453, BC-454, and BC-455, of this radio set, are used
for detecting radio noise in their respective frequency
fanges simply by operating the individual receivers
separately on “MCW” with volume set at maximum
output.

4. MARKER BEACON RECEIVERS.—The various
marker heacon receivers may be used for detecting radio
noise. The operation of the indicator lamp will indicate
the presence of an extremely strong noise field.

e. RADIO COMPASS SCR-269-( ) AND RADIO
COMPASS AN/ARN-7.—These equipments may be
used for detection of radic noise without maodification.
When used for detecting radio noise, both the Antenna
and Loop antennas should be used respectively. Set
the “AUDIO" control at full curput.

. RANGE RECEIVERS BC-1206-( ).—-The various
models of range receivers may bc vsed to detect radio
aoise without modification. While its sensitivity is not as
high as other receivers, irs installation makes it a fine
detecting receiver for radio noise. When used for de-
tecting radio noise, the volume control should be set
for maximum output.

£ RADIO SET AN/ARC-3.—Recciver R-77/ARC-3,
part of Radio Set AN/ARC-3, can be vsed for detecting
radio noise in the frequency range of 100 me. 10 150 mc.
after certain simple modifications have been made.
(Check the recciver for proper operation as sct {orth in
the Haundbook of Maintenance Instructions for Radio
Set ANJARC-3.) (Always set the squelch control at the
“OFF” position. (See fig. 2-6.) Modifications required
in order to render the noise limiter action and the
audio output regulation inoperative are the following:

(1) Connect pins 4, 5, and 6 of tube V-214 together.
{See fig. 2-7.)

(2) Disconnect feedback wire (white lead with red
and black (see fig. 2-8) tracers) from "LO” rap of
transformer T-206 and connect lead to tap No. 3.

{3) Disconnect low impedance wire (whice lead
with red and green tracers) from “LO" tap of trans-
former T-206 and connect to “H1" tap. This modifica-
tion is necessary when checking noise level with a single
headset. (See fig. 2-8.)

Fhe loop probe may be used with Receiver R-77/-
ARC.-3 by securing an adapter plug. (Plug PL-272 (part
of Test Set AN/ARM-1), Signal Corps Stock No.
2Z7226-272.)

3, MEASURING RADI|O NOISE LEVELS.

The principle purpose of measuring radio noise is to
provide a means of establishing the effectiveness of sup-
pression technique applied primarily for the elimination
of radio noise, As the ultimate goal is NO DETECT-
ABLE RADIO NOISE on airplanes, the actual value of
measured radio noise levels is of minor importance.
After radio noise has been detected and the measured
noise level recorded, (sce fig. 2-9), the effectiveness of
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Figure 2.9—Sample Form Suggested for Recarding
Data {e be Used in Selecting the Mos?
Effective Filter Tested

chie applied suppression technique can be directly com-
pared with a aew mensured noise level recorded after
suppression application.

2 AUDIO NOISE LEVEL INDICATING DEVICES,
—As radiv noise energy is translated into audio-fre-
quency output by practically all communication receivers,
nieasuring the audio output of the receivers can be ac-
comptished wich the following instruments.

(1) HEADSETS.—Listening tests may be made
with any type of headset suirable to the equipment being
used for the noise test. Because of the first response of

DA | L

Er-_-,- IO SWIRCH
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A\
|
f
/

PR JACKy
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Figure 2-10—Proper Connection of Quiput Meter
when Recording Radie Naise Volues

Jx-26

pLss

Figure 2-11—Output Meter, Wesfon Model 571

Headsets HS-33 and HS-38, these headsets are more
effective in rendering a true picrure of the radic noise
than is Headset HS-23 which is more sharply peaked and
has less natural response. As radio noise signals have
different audio characteristics, the ability to distinguish
the various sources of noises from ezch other can be
perfected with practice, Always use z headset when re-
cording audio noise levels as measured on a visual indi-
cating meter. (See figs. 2-10 and 2-11.) This is necessary
in order to insure tbat radio noise is being recorded and
not ipotelligence signals. However, the headset can be
used without a visual indicating device. If radio noise
is detected with the aid of a headset, the headset can
also indicate the absence of noise after correct sup-
pression,

(2) OUTPUT METERS.—Copper-oxide, rectifier-
type output sneters, with an impedance of at least 4600
ohms, are generally used to measure audio output of
communications equipsnent in radio noise measurements.
Such a meter is part of Test Set I-56 and if oot available
locally can be procured from AAF stock, Class 16, The
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Figure 2-12—Qufput Meter, Weston Model 571—
Panel View
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Figure 2-13—Sample Loop Probe Antenna
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nomenclature on the meter is Output Meter Weston
gifzd;l 571, S.C. Stock No. 3F4056 A/M2. (See bg.

(3) DECIBEL METERS,—Any one of a number of
decibel meters can be used in lieu of an output metet in
radio goise measuring, Mowever, as the availability of
decibel meters is so limited, the above-named output
meter is generally uvsed,

(4) PEAX READING VOLTMETERS.—As the
meters outlined in subparagraphs (2) and (3) above
measuze rms. values of output voltage, a peak reading
voltmerer will give a much higher measuted noise level.
If used for radio noise measuring, readings will be
higher on initial tests but will indicare effectiveness of
suppression technique by comparison of readings taken
after suppression application.

5. VIDEO NOISE LEVEL INDICATING DEVICES.
—OQo most tadar and electronic equipment, the reeeived
signal, intelligence or radio noise is translated into visual
readings in a scope or other visual indicating device.
Correct interpretation of the indicated signzl is neces-
sary to ascertain if the received signal is inwelligence or
unwanted radio noise.

¢, VISUAL INDICATORS.—Many navigational re-
ceiving equipments, both communications and radar type,
are equipped with visual indicators using vither a needle
or pointer for indicating the translated intelligence sig-
nal, Fluctuation other than normal correct deflection of
the indicating pointer will indicate the presence of radio
noise.

4. RADIO NOISE LOCALIZING EQUIPMENT.

After radio noise has becn detected and its amplitnde
recorded, it will be necessary to localize the source of
noise before cotrect supptession technique ¢an be ap-
plied. Certain devices are adaptable for defisitely iocat-
ing individual radio noise sources when mere than one
source is detected. Outlined below is such equipment
that can be easily procured or fabricated in the field.

@. LOOP PROBE ANTENNA.—QOnc of the most
useful tools used in locating the source of radio noise is
the probe. Briefly, the probe is a small antenna generally
made in the form of a loop, figure 2-13, therefore, hav.
ing some directional ptoperties and being small in size
it responds only to signals within the immediate vicinity
of the probe. These rwo characteristics make the probe
antenna an extremely vseful tool for localizing souxces
of radio noise. The probe antenma can be connected
across the antenna and ground terminals of any receiver
being used for radio noise tests. The coupling metbod
used is not eritical primarily because the probe antenna
is not intended to be ap efficient or high gain anteana.
The probe antenna is not a complicated gadget nor is its
application difficult to understand. A simple probe may
be constructed as shown in figure 2-14. This loop probe
antenna is not difficule to construct and it bas proved
very effective in locating sountces of radio noise.
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REMOVE OUTER COVER & COPPER
" SHIELDING BRAID.DO NOT DAMAGE
= INNER INSUL ATION.COVER OPEN-
ING WITH FRICTION TAPE AND

SHELLAG.

__CABLE WC-534

~-REMOVE OUTER COVER FOR
APPROX.I*”, DO N%T REMOVE
QUTER SHIELDING.

___—SERVE WiTH¥22 COPPER WIRE
AND SOLDER.

LENGTH IS NOT CRITICAL.
MAKE AS LONG AS NECE SSARY
TO REACH RECEIVER.

/-PL—P OR Q- 173

S — N -

<REMOVE 1¥5"0Of QUTER COVER ALTERNATE ARRANGEMENT
FROM END OF CABLE, REMOVE F E WITH BC-
34~ OF SHIELOING BRAID AND ORI e -
INNER INSULA TION. GROUND
INNER CONDUCTOR BY SOLDE R-
ING TO CUTSIDE OF EXPOSED
SHIELDED PORTION

Figure 2-14—Construction of Loop Probe Antennca

(1} Determine the length of coaxial cable \W{C-543,
WC.549 or Radio Frequency RG-8/U that will be re-
quired to reach from the radic set to the engine or out-
board engines on multi-engine airplanes.

(2} Instali Plugs PL-Q173, PL-259 or PL-259A on
one end of coaxial cable for plugging intc antenna
Socket SG-153 or §0-239 on the radio set.

RESTRICTED

{3} Process the other end of the coaxial cable as
foliowys:

{a2) Peel off the black outer coveting approxi-
mately 114 inches,

(b) Tear about ¥ inch of the exposed coppet
braid and cut the insulation off the inmer conductor
which now leaves 3 inch of stranded copper ianer
conductor.
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VINYLITE TUBING

~WIRE PUSH BACK -1 410 X pWALL THICKNESS

STRANDEDQ NO. 20

OO0K up

LENGTH AS REQD. /' ~CONDUT, FLEXIBLE SHIELDING
/ IGNITION CABLE 36500
/ LENGTH AS REQD.
~CONDUIT TO BE ‘
/ RUBBER SHIELD
/ SOF T _SOLDERED / / FURNISHED WITH
/. TO WTEM [/ PL-Q-173

—CUT SLEEVE TO
FIT OVER CONDUIT

Figure 2-15—Ceonstruction of Electrostatically-shielded Probe
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Figure 2-16—Points to be Added o Probe

{(f) Bend the coaxial cable to form a 3-inch loop.

{5) Peel off approximately one inch of the black
ource covering at the point of closure of the loop, being
carcful not to damage the shielding braid. Press the ead
of the cable, prepared as in subparagraph {3) preceding,
agaiasc this exposed portion and weap with small copper
or brass wite ond solder. Ground the inner conductor
ia this soldered joint. Wrap the joint with friccion tape
and shellac,

{G) Process the top of the loop opposite the point
where the end of the cable bas not been soldered, as
follows:

(a) Pcel oif approximatcly one inch of the black
outee covering.

() Peel off approximately one inch of the copper
braid, being careful not to damage the igsulation cover-
ing the inner conductor.

{¢) Wrap {riction tape over the iosuiation to £ill
up the gap left by removal of the black outer covering
and coppcr-shielding braid zad shellac.

BODMID PeOM

By s
s

Figure 2.17—Points $o he Added to
Electrostatic Probe

L= Lol Sl )

Section 1]
Paragraphs 4a{4}-4h{1)(c}

b. ELECTROSTATICALLY-SHIELDED PROBE.

{1) A more sturdy and very useful type probe may
be constructed as indicated in figure 2-15. This is known
as 2n electrostatically-shielded probe. It has the ability
of limiting its pickup to the magnetic field portion of
the radio noise encrgy. The sensitivity of the electzo-
statically-shielded probe may be increased for the check-
ing of leakage at joints in covers or shields around
sources of radio noise simply by the addition of two
sharpened poats to the probe as indicated in Sgute 2-16.
The pickup of radic noise energy depeads upon con-
tact berween the metal surfaces on each side of the joint
or mating surface and the sharpened contacts mounted
on the electrostatic probe. (See fig, 2-17.) The pickup
effectiveness of an electrostatically-shielded probe an-
tenna is low and it is relatively uadisturbed by arez inter-
ference unless the feld intensity is great. Because of this
advantageous characreristic, it is seldom necessary to use
a shielded toom for testing. Moteover, the probe is moze
satisfactory than 2 rod antenna for investigation work
for the following reasons:

{a) Closeness of coupling that caa be obtained
with the probe coil.

(&) The fact that the probe zesponds only o0 the
magnetic component of the Geld.

(¢) The ability of the probe to localize the point
of leakage. In very intense leakage fields, radio noise
appeats to have an indefinite focal point. This is because
of ovetloading of the receiver and can be cortected by
reducing the teceiver sensitivity. (See fg. 2-18.)

L
Figure 2-18—Llocating Noise Sources with Loop

RESTRICTED 2.9
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Figure 2- 19—Locating Nolsy
Components with Leop

(2} The question often ariscs as to what the read-
ings obtained with the electcostatically-shielded probe
mean in tecms of frec-radiation Beld; the answer is that
there is no fixed relationship. It is possible to have 2
strong leskage field at a particular point in a shielding
system wherte there 2ce no suitble radiators to provide
coupling with space. In other instances, a relatively weak
field detected with the probe may have a strong radiation
field because of the arrangement 204 characteristics of
the hargess members. Nevertheless, it can be concluded
that, if no fietd can be detected by the usc of the probe
<oil, there will be very litcle detcctable radio noise energy
radiated, {Sce fig. 2-19.)

¢. USE OF LOOP PROBE WITH RADIO
RECEIVER BC-348-( ).

(1) Ie using the leop probe with Radic Receiver
BC.348, the installation of socket SC-153 wilt facilitate
the connection of the probe o the receiver. Derails of
sacke instaliation methods may be found in figure 2.20,
When using any receiver for radie noise Lests it is well to
start the tests wich the sensitivity control in 2 somewhat
less than maximum position with the "AVC.OFF Myc”

AN

1

N

Figure 2.2 _Ceorrect Placement of
Prebe Aiong a Conductor

S —— — —‘_‘—v—‘
Figure 2-20—{nstaiiing Socket $O-153
fo the Receiver

switch ia the "MVC" position, By using the receiver with
the sensitivity sct at less than maxinium only the strong:
est noise fields will be detected wich the loop probe. !

the sensitivity is placed full “ON,“ the localizing of the
radio noise source may become diflicult because of the
fact that the strong noise fields will block of paralyze
the recciver and the dircctional and localizing cffect ?f
the loop probe will be losi, After the strongest 1adic
noise fields have been locaced and climinased, the sen-
sitivity may be advanced in order that dhe weakee radio
noise ficlds may be explored und jocalized.

+ (2) The correce placement of (he probe when used
for locating radio noisc cacrpy along a conductor oF :;
cable is shown in figure 2.21. The correct ;)Inccmcnl ©
the loop probe when checking for radio noise ficlds at 3
Point in the ignition shiclding asscrmbly is shown in
figure 2.22,

4. RADIO NQISE EXCITLER.

(1) DEVELOPMENT OF ENCITER.—Uatil such
time as the first oxciter unic was developed and used as a
method to excite ignition systems with radio frcquency

‘ .
: l

—

—

—

Figure 2-22—Carrect Placement of Probe in the
tgnition Shieiding Assembly
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o produce radio noise, it was necessary to aperate igai-
tion syscems nader tese in onc of three ways, ie.:

{a) Ruo an engine on an airplanc.

(5) Run an engine on a test stand.

{¢) Qperate 3 camplete ignition system on some
type of test stand.

In prohing the ignition systems for radio noise,
an extreme hazard to life made the firse method very
undesirable. The secand methad necessitates the use of
an expensive engine test stand svhich cannot readily be
abtained in che ficld. The third method presents an equal
problem in that an ignition test stand cannot readily be
obtained in the ficld.

The development of an exciter unit chat would
produce che same or betrer mechod of tesc and eliminate
the disadvaatages of the above methods was very desir-
able. This soise exciter {fig. 2-23) svas developed and
has passed rigid teses. Tr ean be vsed 10 test ignicion sys-
tenis on cnpines on tese stands, of wheeever necessary.
Running an togine to prohe the high cension poriion of
the ignition system for radin noise is #o fonger accessary.
It complercly climinates the extreme hazard from a
revolving propetice. Yowever, the biggest advaotage is
ity simplicity, 30 can be built and used n the field for
thorough radio noise clern-up on aicrafc cagiaes.

{2) PRINCIPLE OF RADIO NOISE EXCITER.—
The priociple of the excitee is to produce and introduce
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Figure 2-23—Ignition Noise Exciter Unit
and Schematic Wiring Biagram
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Figure 2-24—1lsing the Exciter Unit
te Cheek Sysfem

IGNTIDON
EXCIYER UNRT

radio noisc energy similar to that produced by the
opecation of the magnetos, spark plugs, and haraess into
a system to be checked. To do this, the following items
are necessary:

(a) Power source {24.voit batteries or other
source).

(&) Transformer or other means to step voltage
up o approximarely 8,060 ro 15,000 volts.

(¢) Effcctive shiclding,

{d) Mecans of connecting exciter to system to be
checked.

(3} CONSTRUCTION OF AN EXCITER.—Fol-
lowing is the basic outline on the conastruction of an
exciter. Where the exact duplicate parcts are aot available,
with 2 little ingeavity, 2 similar system can be designed
and built from parts readily available. In constructing an
exciter, chere is one very imporrant fearure that must be
built into it from the begianing, i.c., there should not be
any lcakage of radio noisc energy from the exciter itself,
foc if the noise exciter unit leaks radio noise enerpy, it
will be extremely difbeuit to localize the portion of the
ignition system fromy which the radio noise cnergy is
leaking.

A standard inverter of 24-volt inpur and 115-volt.
400 <ycle oucpur is connecred to a very cffectively-
shicided ignition transformer with 2 15,000-voit output.
The inveeser s completely filteeed to peevent leakage of
radio noise encrpy back rhrough the primary leads o
che 24-volr bateeries. The outpuc of the ignition txans-
formes, also very efiectively shiclded, is fed into a system
to be checked by means of two spark plugs scresed into
a connectoe. One plug is <ut back so thar che censer
elecicode contacts the ceacer clectrode of the second

RESTRICTED 2.11
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Figure 2-25_Connecting the Exciter
Unit o Magneto

plug. The second ping is ser at a g2p of 0.062. This set-
ting is important. Upon operztion, the breakdown of
the high voltage at the gap loads the endire system with
radio noise energy. The system can then be probed for
radio noise leaks using the standard receiver method,

{4) TO USE THE EXCITER.—To use the exciter
(fig. 2-24), simply connect it 10 various points on the
barness or system being checked. Place the noise exciter
unit iz operation and probe the engine systematically for
radio noise leaks. In probing for noise, it is common
practice to locate and eliminate the strongest sources of
noise first, then proceed to the next loudest source and
so forth uncil the whole engine is quiet.

WARNING
Then connecting the exciter to a magoeto,
make certain that the noise energy is fed into
the high tension side of the magneto. (See fig,
2-25.) Serious damage may result to the mag-
neto if the exciter is connecied to the fow
tension side of the spagneto.

e. NOISE METERS.

(1} DEVELOPMENT OF METERS.—The need
for test equipment to accurately evaluate radio noise has
resuited in the development of specialized equipment
radic noise and field strength meters. Basically, these

Mmeters are sensitive superheterodyne radio rec&:if‘el‘s- By
specizl desiga, the gain fs stabilized and provisions ate
made for internal cafibration. These meters ate _capahle
of measuring small vafues of radio frequency noise volt.
ages {one miltionth to one-tenth of a volt or 1 micravalt
to 100,000 microvolts) at any frequency within their
range. Commercial naise meters covering the frequeacy
range 150 kilocycles to 150 megacycles are currently
available, Conducted noise measurements are made by
connerting the terminals of the noisc meter between the
lines and ground. The presenc aliowable limits for cos-
ducted noise are 50 microvoles from 150 ke, to 20 me.

{2) RADIATED NOISE MEASUREMENTS. —
Radiated noise measurements have normally in the past
been made with the rod antennas furnished as part of
the noise meters. Allowable radiated noise measurements
ase dependent upon frequency and vary as follows:

Frtqueucy Microrolts as Read ou Meter
150 ke. t0 65 mc.. .. .... ... 25
65 me. to 100 me.. .. ... 5.0
166 me. to 150 me.. . .. .. 100
These values are the mavimu ermitted vafues
with the rod antennas lacated on away from I~h('
equipment under test. The probes supplicd with the noise
mezess provide 2 canvenient too! for locating the exact
source of radiations and may be used for radiation meas-
urements after having been catibrat against the od

antenna for cach parcicular equipmicnr sei-up and fre-
quency. No general correfation beeween loop probe and
the rod antenna is presently avzilabic for general use.

5. APPLICATION OF TEST METHODS.

The most effective appiication of whatever test equig-
ment selected is obtained by using the test cquipaent in
2 manner thar will provide the greatest amount of in-
formation relative to the radio noise source in the
shortest possible time. The methods of test equipment
application described in the foliowing paragraphs have
beea found to be the most practical available at this
ume,

a. GROUND RADIO NOISE CHECK.

(1} OPERATIONAL TEST.—in this check, the
airplane is completely tested on the ground for radio
noise. Ali these tests can be made without a pilot present.

e
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$AD:O NOISE CAN EIFECT FYFNY
ANTENPes ON THE SHiP. THINEFONE
EVERY RECOIVIR AND LEAO IN
SHOULD BE USED IN AMAKING A
NOISE SUBVEY

This method has been found most effective and is most
commonly used. The oaly recason for not using the
ground cheek 15 in localities where area radio noise is
excessive and it is impossible to find an area with a low
arcu rudio aoise level. Refore the possibility of making a
ground test is discarded, make a concerted effort to locate
a quiet area. This can be done with a receiver mounted on
a dolly oc cart or by taxiing the airplane to various parts
of the airport. The advantage of making the ground
check is casily evident when it becomes necessary to fun
just one engine of a four-engine aicplanc. Though those
same conditions might be duplicated in a fight test, it
would be extremely dangerous.

The receivers installed in the aircraft under ctest
are considered cxcellent noise test equipment. Al re-
ceiving equipment in the aircraft should be checked in
surn, This is very imporeant as each receiver in the air-
plane covers different frequency ranges. The antennas

NG — \{ P
‘ U o l
8 \ ) soteecre
.,;J 1 ) waseo

Figure 2-26—Checking for Noise in Engine Section
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and lead-in wires are installed in different locations on
the airplanes and the associated wiring between units is
routed via different paths. Therefore, a test conducted on
only one receiver mounted in the airplane cannot be
considered conclusive for all receivers installed in the
airplane. For radio noise that might not affect the com-
mand set may be unbearable ¢n the radio compass or
liaison receiver. All receivers used in these noise tests
should be aperated in the most sensitive condition.

(2) TO DETERMINE SOURCE OF RADIO
NOISE.—The radio noise causing interference in radio
and radar cquipments generally enters the receiver
through the antenna system installed on the aircrafc. The
term “generally’ is used because there are isolated cases
where radio noise can be introduced to the receiver
through power wiring such as filament and plate leads or
relay and control circoits. However, it ¢an be safely
assumed that the major portion of the radio noise enters
the recciver through the antenna system. A simple test
can be made t¢ determine whether the noise is entering
through the antenna system or through the receiver
posver supply circuits simply by disconnecting the an-
tenna from the antenna leadin at the feed-through in-
sulator. This check will indicate whether or not the noise
is being picked up by the antenna. If the noise is still
present, disconnect the lead-in poction of the antenna
ar the receiver antenna binding post or terminal. This
will indicate whether or not the lead-in portion is picking
up the radio noise energy. If the noise is still present
with the antenna and the leadin disconnected, this will
indicate that the noise present is entering the receiver
through the power or controi circuit wiring.

(3) TO CHECK THE IGNITION SYSTEM.—In
making a ground check for radio noise, the first potential
radio noise source ta check is che ignition system. (See
fig. 2-26.)

(2) In order to check the engine, connect the
headset and output meter to a receiver installed in the
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Figure 2-27—Sample Form for
Recording Noise Readings

airplane. ALL electrical equipmenis not required for the
operation of the engine are turned to the "OFF" posi-
Gon. Read the voltage of the area noise and record.
{Sce fig. 2.27B.) Then the engine is started a2nd rua at
about 1500 rpm the receiver being used for the radio
moise test is tuned throughout its frequency range and
the voltage readings on the outpu: meter are recorded.
(See fig. 2-27C.) If the valtage reading with the engine
in opercation is HIGHER than the area noise reading, it
can safely be assumed thar ignition radio noise is pres-
ent oa the airplane. (See fig. 2-27D.)

(&) The next step is to separate the engine igni-
tion ground circuit wiring (fig. 2-28) from the engine
and rcpeat the test. This step is very important as it
establishes the point of whether the noise is coming from
the engine ignition assembly proper or from the wiring
conoected to the eagine igpition system.

Ta separate the zirplane (ignition ground cir-
<uit) wiring from the engine, it will be necessary to re-
mave the magneto grqund terminals at the magoetos.

(Sec fig. 2-29.)
WARNING

Extreme caution must be exercised whben per-
sogpel are working around an eogine with the

T. O. No. 16-1-45

ignition pround circuits disconnected because
the engine is in operating condition. 1f the pro-
peller is accidentally moved, the engine is liable
to start and seriously injure ncarby personnel.
In other words, stay away from the propelles
when the ground cerminals are our of the mag-
nctos. (Some magnetos are gronnded intcrnally
when the groend terminal is removed.)

(4) REMOVAL OF GROUND TERMINAL
FROM MAGNETOS.—With the ground terminal re-
maved from the magnctos, the enginc ignition system is
entitely disconnected from the airplane electrical system,
except where starting boostes circuits are connected di-
rectly to the magneto. In this casc, disconnect boosier
connection also. The engine is starzed again and adjusted
for approximately 1500 rpm. The volrage readings of the
output meter are again recorded. (Sce fig. 2-27E.) If thF
output meter now sndicates normal arca poise, it indi-
cates that the engine ignition assembly is not the source

STAY AWAY FROM PROP WHEN GROUND
TERMINALS ARE OUT OF MAGNETC

THE IGNITION SYSTEM 15 USUALLY "HOT™

SECONDARY OR HIGH TENSION ———
IGNMION SWITCH EFORTION OF THE IGNITION $YSTEM I

GROUND TERMIMAL

| 1 MAGNETO | CONDENSER |
4’/".

i 1:*:—F .

I =
I BREAKER POINTS SPARK PLUG

PRIMARY OR LOW TENSION CIRCUIT

—i—

Figure 2-28-~-Separoting the Engine ignition
Ground Circuit Wiring from the Engine
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AS LOOP ASPROACHIS SOURCE OF NOISE:
RESPOMNSE IN MEADSET INCREASES.

Figure 2-29—Removing the Mogne?o Ground
Torminals of the Magnetes

of radio noise, (See g, 2-27F.) The source of noise is the
igaition ground circust (see hig, 2-27G), previously con-
nected (0 1he sapneto, 2ad this circuit is zesponsible for
the indicated radio noisc above the area radio noise level.

Howesver, if the outpur meter reading indicates
radio noise above che normal area radio noise level with
the pround terminals removed, radio noise can be as.
sunied to be coming from the engine igaition assermbly.
{Scc g 2-27H.)

(5} AFTER-OPERATIONAL CHECK.—After the
tests on the engine of eagines have been completed and
with the normal sirplane anteanas connected 1o the air-
plane receiver which has been adjusted for maximum
sensitivity, check each irem of clectrical equipment in
taen on each recciver instailed in the zicplane. As cach
item of electrical equipment is operated, hoth a listening
test and ourput meter voltage recordings are made at the
same time. By operating cach item of electrical equip-
ment and noting those that appear t0 be above the local
area or background noise, the items that axe 2 source of

Figure 2-30—Substituting Probe for
Aireraft Antenng

radio noise can easily be isolated, The main objective
in making a tesc with the pormal sicplane antenna is to
roughly localize the source ot item of cquipment making
the noise.

{6) TO USE ELECTYTROSTATICALLY.-
SHIELDED PROBE—After the source of radio poise
has been located with the normal anzenna jostalled on
the airplane, the noise source may be further localized
with the electrostatically-shiclded probe. In order to use
the probe, simply disconnecz the normal aircraft antenna
and substituze the probe in its place. {See fig. 2-30.)

The noise source previously localized with the
normal aircraft antennz is placed in operation and the
probe is used to trace the radio noise helds right from
the switch operating the item zlong the conneating ca-
bies betwveen the switch to the radio noise source. {See
fig. 2-31.) After the radiv noist energy levels are noted
throughout the entire wiring assembly, the most effective
noise climination method cac be applied where it will do
the most good. The advantage of the probe ovex the
normal anteona is that it will localize the source of
noise to 2 smalier area and will also aid in indicating the
effectivencss of whatever tadio noise suppression tech-
nique is applied to any particular source of radio noise.

b. FLIGHT CHECK.

{1} GENERAL—In accas swhere the area radio
noise level is too high to make a2 ground radio noise
check, 2 flight radio noise check must be made. Even
in flight exercise extreme caution for cettain areas can
be a source of radio noise aHecting airplanes in fight
ovex the atea. Precipitation static may aiso be noted in
a Bighc check.

There are & few minor advantages in making a
flight check, the most important being that cestaio equip-
ments which are difficult 1o check on the ground, such
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dure is similar 10 a ground test in thar cach item of
electrical equipment muse be ¢hecked individually agd
the noise levels recorded. Ia gencral, any radio noise
source detected on the ground test, if climinated prop-
erly, will not be detected on a flight check.

¢. BENCH CHECK.

-0 {1) A grest deal of time can be saved by making

A - radio noise tests on clectrical cquipment before it s in-

SCumCR stalled in that airplane. This can he accomplished by

S KT DB PO making a bench check which consists of operating the

' RLADSGS S (48 1O item of equipment in the shop under norma) of simulated
; P b ARCNCR? BOma load and measuring tha radio noisc gencrated while the

electrical item is being opetated.

{2) If noise meters arce available, ncasoce the noise
ditectly in microvoles. If noise meters are not available,
beach checks may be made by using reccivers and output
meters. Acceptable levels of noise cncrgy will have to be
derived from 2 serics of tests run on cach item of equip:
. meat. The probe antenna is extremely uselul for check-
. (2) PROCEDURE.—The actual flight test proce- ing radiaccd noise on a hench test.

Figure 2-21—Electrical Equipment
Ceonnecting Blogram

as landing gears, propelless, 3nd srmament equipments,
may be easify checked in a Bight test.

SECTION 1t
RADIO NOISE SUPPESSION TECHNIQUES

i. INTRODUCTION. e. Cap the work requited be accomplished and maia-

! After the radic noise source has been localized, the rained by the personnel available?
next problem is the application of the rmost suitable In ?l'dﬂ t0 answer these questions, a thorough under-
y method of noise suppression available. Before any radio standing of _pracuca! radic noise cllmmnzu_)n methods
noise elimination method can be applied to aoy radio must be availabie 1o che personnel responsible _fur'the
noise source consider several factors before the Boal elimination of radio noise, namely, the corpmumcauot_:s
efiminaiion merhod is incorporated. Among the most and enginccrin_g personnel. The elimination of radio
important of these aze the following: noise fnll§ basicaily into four roethods. Ead'\ mctho_d
a. Will it afiect the safe operations of the sirplane in will be discussed separately. The most practical radio
any maooer? noise suppression merhods available are:
5. Will the added weight be worth the degrec ot re- 4. Reducing the coupling between the receiver and fhe
duction in radio noise elimination secured? source of radio noise by providing sufficient isolatios
¢. Are materials teadily available for fabrication of between these equipments.
units required for the elimination of the radic noise? b. Providing a low impedance path to ground forllht
4. Is the method of radio noise suppression used the radio noise enesgy through the use of proper bonding.
simplest and most practical method available? ¢. Enclosing the sousce of noise in a shield. |
2-16—3-0 RESTRICYED
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Figure 3-1-isolation from Antenna
Circuit of Receiver

d. The use of cfficicnt filters applied ac the source of
the cadio noise,

2. ISQLATION.

4. The casiese and most pracrical method of radio
noise suppression revolves araund che possibility of sep-
arating the sousce of radio noise from the input circuits
of the receiving equipments affected. (Sece fig. 3-1.) As
every radio naise source can be considered a small ctrans-
mitter, it is obvious that the radio noise source and leads
carrying radio noise energy should be kept as far away
from receiver antennas or leadins as possible. In many
¢ases, the radio noise is a receiver may be entirely
eliminated simply by moving the antenna leadin wire
just a few inches away fzom the source of radio noise,
The value of sufficient separation becween sources of
radio noisc and receiver input circuits cannot be aver-
emphasized. The isolation method of radio noise sup-
pression js very popular as it has the advantages of oot
requiring any additional material or adding any addi-
tional weight to the already overweighted atrplane.

Figure 3.2—Arrangement of Equipment
fo Lower Noise

b. Keep the antenna and leadin away from all dypa-
motors, inverters, and motors. Even machines which are
“quick” compared to most other machines will cause
radio noise if the antenna leadin passes very close to
them, It may be thac routing the antenna leadin as fax
as possible from the noisy machine and wires running to
it will eliminate the noise in the radio.

¢. If the radio noise source is removed from the vicin-
ity of the antenna and the radio noise Jevel has not been
lowered, the separation of al! wires or wire bundles con-
necting the radio noise sourre to its associated switches
or relays must be investigated, (See fig. 3-2.) In many
cases of radio noise, the whole problem: may be solved
simply by separating a wite or a group of wires carrying
radio noise encrpgy from a group of wires which pass
near an antenna or leadin wire. (See fig. 3-3.) The
transmission of radio noise energy around the airptane
caa be reduced or increased simply by changing the rout-
ing of wires or cables within the airplane.

4. Audio-frequency roupling becween the audio-am-
plifiex circuits and sources of audic-frequency enetgy
such as 400-cycle alternators, transformers, and other
units may be reduced simply by isolating the units o
wiring the units in such a manner that the coupling is
lowered as much as space available will allow.

e. It is quite evident that the radio noise problem is
greater on the small fighter-type airplanes than it is on
the lacge, very heavy-bomber type. The Jacger planes

RESTRICTED 3-1
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Figure 3-3—Arrangement of Wires and
Cables to Lower Noise

have the advantage in chat there is more separation be-
tween the radio noise sources and the radio receiving
antenaas. Therefore, if care is taken in separating radio
equipment from radio noise saurces, the use of shielding
and filtering may be held to a minimum. Isolation be-
tween radic noise sources and receivers may provide a
solution to radio noise on one type insulation for noise
sources which are not too intense. However, this method
is only effective for one installation. Any change of
equipment location of new installation usually involves
a new noise problem, Therefore, if considerable radio
noise is encountered on an item, source suppression may
be necessary.

3. BONDING.

4. GENERAL.—Bondiag is a very necessary means of
radio noaise controi. It provides grouading of all insul-
ated conducting abjects on the exterior of the aircraft,
When conducting abjects are not grounded, flight thru
precipitative weather conditions causes high voltage
charges to build up on those objects. Repeartedly, the
voltage gets high enough to spark over to an adjacent
ground membet ar the object discharges to the sur-
rounding air by corona conduction. Either mode of dis-
charge causes considerable radio noise.

5. FUNCTIONS.—Ocher important functions of
bonding are:

(1) To protect the aircraft and persongel from

lightning discharges by equalization of potentials pro-

duced which might cause arcs and sparks in the aizcraft
structure.

{2) To provide a homogcncous counterpoise for
zadio transmission and reception.

{3) To provide power current return paths.

. DEFINITION OF BONDING.-—For aircraft pur-
poses, booding is defined to be the clectrical connecting
of two or more conducting objects pot otherwise ade-
quately connected. (See fig. 3-4.)

THIS 1Em IS BONDEDR

THAT 15, 1T 15§ GROUNDED
BY mEANS OF A BONDING
JUMPER

@e

Figure 3-4—Bonding Shockmounted Equipment
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Figure 3-5—Grounding Equipment fa
Aireraft Structure

4. DEFINITION OF GROUNDING.—For aircraft
purposcs, grounding is the clectrical connecting of a con-
ducting object co the basic structure, (Sec fig. 3-5.) All
items of the aircrafe listed in table 3-1 should be
grounded.

¢ EXTERNAL CONDUCTING SURFACES OR
OBJECTS.—Ground all exteraal conducting surfaces or
objcets of ¢he aircrafe. The resistance of the bond used
to provide such prounding shall not exceed 15 megobhm
unless a lower resistance is fequired as shown ia table
3-2.

f. INTEGRAL JOINTS.—Permanent mctal-to-mctal
joints made by welding, brazing, sweating, or swaging
are inherenely bonded.

£ SEMIINTEGRAL JOINTS. — Semi-permancnt,
metai-to-mctal joints of machined mctal surfaces held
together by lock-threaded devices, riveted joints, tie rods,
or structural svires under heavy teasion, pinned fittings
driven tight and not subjected to wear, and clamped
fittings normally permanent and immovable after instal-
lazion should be considered bonded if all insulating fin-
ishes arc removed from the contact arca before assembly.

b. PARTS IMPRACTICABLE TO BOND.—Parts
which are freely movable, such as landing wheels, hand
wheels, propellers, and so forth, where jumper-type
bonding may cause fouling, should not be bonded by
the previously suggested method. Where it is necessary
to bond such parts to basic structure, use other suitable
means such as metal shives, slip rings, etc. Insulate parts
in rubbing or intimate contact but not by means of fric-
tion tape. Avoid the use of protective coatings, which
are conductors as such coatings may short circuit this
insulation.

i. GENERAL BONDING REQUIREMENTS.

(1) BONDS.—Keep al! bonds as short and direct as
possible. The resistaoce between the jumper terminal
and the object or structure should not exceed 0.001-ohm
except in the case of flexible metal conduit in which case
the resistance should not exceed 0.003 ohm. When prac-
ticable, bonding jumpers should not exceed 3 inches ia
length and should conform to the requirements of Spec-
ification AN-J-la,

Figure 3-6—Construction of Bond Straps

{2) STRUCTURAL PARTS.—Bonding of struc-
tural members shall be accomplished without weakeniog
any vital structure of the aireraft. Bonding clamps on
flexible metallic conduit or hose shall be so installed
as not to crimp or damage the conduit or hose.

(3) CORROSION PREVENTION.—Ia booding,
contact between dissimilac metals is frequently unavaid-
able, In such cases, the jumpets and other elements of
the bonding connection shall be so selected as to miai-
mize the possibility of corrosion and to insure thac if
corrosion does occur, it will be in a replaceable element
such as jumpers, washers, or separators but never at
aircraft structure.

{4) BONDING CONNECTIONS. — Copnections
shall be so installed that vibration, expansion of con-
traction, or relative movement incident to normal service
use will not break the bonding connections nor loosen
them to such an extent that the resistance will vary dur-
ing the movemeat or increase above the permissible max-
imum value. Bonding coooections should be inside
fairing insofar as practicable, and, whenever possible,
they shall be located near a hand hgle, inspection door,
or some other accessible location to permit ready inspec-
tion 2and replacement. Parts shall be bonded directly to
the basic structure rather than through other bonded
parts. Boading jumpers shall not be installed in such a
manner as to interfere in any way with the operatien
of wovable components of the aircraft.

7- COMMUNICATIONS EQUIPMENT BONDING
REQUIREMENTS.

(1) All communicationos equipments should be
grounded to the aircraft structure. This will be done by
using short bond straps or by sheets of high conductiy-
ity (copper or aluminum) metal where it is impossible
to use a short bond strap. The requirements for dis-
similar metals io contact should be met in all cases.

(2) Bond straps should preferably be of solid metal
rather than of braided construction. The object is to get
the lowest possible impedance at radio frequencies. These
straps should be made as shown in figure 3-6.

(3) Bonding of communications equipment should
be accomplished as shown in figure 3-7.

(4) Because of the construction of the shockmounts,
it is sometimes impossible to attach bonds in the normal
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Figure 2.-8—Graounding Aircraft Equipment
With o Band Strap

mannec. In such eases, the mounting rack of the unit
should be drilled ncar the shockmount and the bond
serap arcached ac chac paint.

{5) AN attachment points for bonds, both of the
equipment end and at the airceaft end, should be thor-
aughly cleansed af paint and corrasion preventives.

{6) No bond strap should be more than 4 inches ia
length,

{7} Where equipment s mounted oa 3 wooden
shelf or for some other reason it is impossible ta use a

bond of 4 inches or less in length, a sheet of ¢hin high
conductiviey metal should be used. This metal sheet

TABLE 3-1.

Figure 3-9—Grounding Alrcroft Equipment
Without @ Bond Strap

should bave its minisum dimension oot Jess chan 20
percent of its maximwn dimension. The bond straps
should then be connected to the metal sheet. The sheet
should be run for such a distance as is necessary 1o attach
it to the aircraft at a nuwmber of points zlong a Lwe
through its maximum dimensioas.

(8) Ia figures 3-8 and 3-9 are shown two items of
aircraft equipment requiring grounding to the aircrafr
structure. Figure 3-8 shows che use of a boad strap. The
mast shown in figure 3-9 may be grounded withour the
use of a bond strap.

For an index of objects ta be grounded and
applicable requirements see Table 3-1.

INDEX OF- OBJECTS TQ BE GROUNDED AND APPLICABLE REQUIREMENTS

De_ﬂgnnuon af Require-
ments Applicableto the

Object ta be Grounded Band, (Sec Table 3-2)

Designation of Requive-
nremts Applicable to the

Object to be Grounded Bond. (See Table 3.2)

1. Ailecans ....... sesseasiipaene
2. Ammunition ncln bebreesaraarasns
3, Anchor and mooring cquipment, . .,
4. Armor Plate
a. Shockmounted .. ......... o0
b. Hinged
<. For radio and elecerical equipment:
d. Far other equipment, .. .. ..., ..
Arresting hooks «. .. i oiiiianaan
Bomb and torpedo racks
a. Internal bomb boy racks. .......
b. External eacks .oy ivivirianaors
Bomb sight mavedng rack. ... ...
1T 2Tt 0 e300 B 00 00.66,00 £00 0 5 .
. Canduit (electrical) ., vivvurvenns
. Conitrol cables and rods
a. To aileron (o.o.0n...
b. To elevatar ...... OO0 0060050
& To rudder ot , S
d. To Baps and Boata. ......... .
¢. Toengine and engine camparnncm
11. Control 3dcks and columas {metallic)
12. Contcols—engine {pilot and engineer)
AT hrottle 12, .5 W T e
b. Carburetar glixture ....,.....»

SwmNn  ow

»» Parortrc IPONO QFPN>T Fypm

¢ Corburetor heat +vvvvrenevenns
d. Propelier ..... erisusrsereraen
e. Cowlflap .......... arasseaver
f. Wobble pump ...... srssasaren
13. Controls (miscellaneots)
3, GUD L4 bieeee ey san o ool R
b, Bomb relesse ... .. i0ivinnn..
¢. Flare refease . .... OBOC 00 0 0050
d. Flap (hand operated)..........
e, Landing gear (hand operated). ..
F. Floats (hand operated)...... S
g Brake .....
h. Teim ..o sresasesrisey
14, Cowling and nacelles (engine)
3, Cowl rings (not shoclanounted), .
b, Cowl rings (shockmonmtd) .o
(= Wrap cowls (with pianc kinges). .
d. R ble cowls {Fast
mounted) ..aeaa... eor b e ety
€. Accesa doors and inspection plates
15. Doors {and inspection plates)
2. Doors which open in flight into
airsteeam
I. landing gear doors. ..., vn-
2. Artesting hook doors. .......

e OO Perr>>Pp PPy

(2]7]
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TABLE 3-1. INDEX OF OBJECTS YO BE GROUNDED AND APPLICABLE REQUIREMENTS
{Continued)
Designation of Require- Designation of Require*
ments Applicable to the ments Applicableto the
Object to be Grounded Bond, {See Table 3.2) Object to be Grounded Bond. (See Table 3-2)
3. Bamb bay doors (fuselage). .. F 22. Heaters (cabin)
4. Bamb bay doors (wing).... F a. Electricfantype. ... .....o.vut Cc
5. Bomb sghtdoors........... G b. Comhuston type ........... boc C
6, Camera doors . .....0.u0.un G € Other .. ... .cccvviiinnnnnann c
7. Flare doors ............... G 23. Hoods (sliding)
8. Navigator's hatches ......... G a. Within 3 fect of antennas or leadin B, H
9, Roll-type bomb bay doors. ... B b. More than 3 fecer from antennas or
10, Tunnel gun doors.......... G feadin ........ o > 5 PSRN B.G
b. Doors normally closed in flight (I 24. Instrument boards
airstream) a. Main or pilot's instrument board. . E
1. Access doors ta fuel and oil b. Co-pilar's instrumcnt hoard . . . .., E
tanks .......... 00 0ot IBHeN 1 ¢ Rear seat instrument board, .. ... E
2, Accoss doors and inspection d. Bombher’s instrument board. ... .. E
doors and plates within 3 feet e. Navigator’s instrument boaed. . . . =
of anteanas or leadins....... 1 f. Enginccr’s instrument boaed. . ... E
3. Aachor doors ... o G & Oither instrument board . .. ...... E
4. Entrance doors .. aooodbo G 25, Landing Gear (wheel types)....... G
5. Escape hatches ........uv.. G 26. Lights (Extermal) .. ....00.eonenn. G
6. Inspection doors with piano 7. Lines
hinges .........cc0vcueinnn G, 1 a. Fuel (including vents) ... .,..... Q
7. Inspection plates (wi b. Oil and hydraulic (all types) . A
BT ey YRR ... G, 1 €. Oxygen (all types)........ - E
B8, Gun loading doors. ..., . ... G EOIRLE cooeccodoo TR A
9. Life raft doors and covers. .. G = VRN o esnnon iR T i A
10. Loading hatches ........... G £ Anfideer fluid ...l E
11. Beaching Gear doors. ....... G &. Metallic fittings ond couplings in
c. Doors inside airplane metallic fuel bnes. ............. c
1, Distribution and fuse panel k. Metallic fictings and couplings in i
doors ... iaiiiiiann reares F oonmetallic fuel Jines. .. .. ... .. E
2. Flight deck doors (acoustic), . A 28. Pedals (rubber) . .....oviivna.en A
3. Lockerdoors ..........c.v. A 29. Radio racks, brackets, and shelves. . . K
4. Refrigerator doors ......... A 30. Radiators
5. Watertight bulkhead doars. . A B e C
16. Elevators ......cccreeenanan i s F [ DT o g oo e C
17. Electric motor rnounu B - v ¢ C B e e e F
18. Engine shockmounts 32, Scats (adjustable and fixed) ... ..... G
a. Main engines ................ D 33. Stoves and hat plates. ... .. ..., .. E
b. Auxiliary power unit engines. ... . D 34. Sinksand wash stands............. A
. 19. Flaps o TRAE (o oa e o e R G
a Landing flapa .., .............. 36. Tables (alt f}pes) o0 0000000 A
1. Conventional hinges ........ P 37. Tanks
2. Piano hinges ......c..c0i0010 G a. Gas
3. Fowler flaps ............ 068 i 1 155 5ED GG T R TR T C
b. Diving flaps 2. Rubher (buflct prcnf) and
1. Conventional hingea ........ F other nonmetallic ....... ol N
2, Piano hinges ,.,....... ... G 3. Droppable (metal) ....... . E
c. Cowl Aaps ..... [ 0 a0 000 BOGo R [ CH ot B e e < o s c s ovrs o E
20. Floacs L NATED 0 Do Lo nOG000 A
a. Rerractable e G d. Anti-icer fluid .......... beeaes E
0 Lzl 0000 0dB00 0000 ene G 38. Toilets (metal) S A
P 21. Guna (machine guns and cannon) .. . G 39, Windows (hinged ot sliding) ... ... B, G

For a [ist of detail bonding requirements, see Table 3-2.
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R

Na additional bonding required.

Band it practicablc; keep track unpainred.
Caonstruction ar installation shall provide suitable bond-
ing €0.0025 ahm) to basic structure and dhall include
jumper(s), if required.

Bond at minimum of faut places approximately equally
spaced acrass mounts and supporta. The jumpers used
shall also mect any powcr refurn current capacity re-
quiccments.,

Constructian or installation shall provids suitable bond-
ing (0.01 chm) ¢o basic structure through mounts or
supparts, and shall include bonding jumper(s) if re-
quired.

Bond across each hinge to basic structure by shoctest
practicable bonding jumpez.

No addicional bonding required pravided resistance to
basi¢ structurc through hinges, locking, latching, or
fastening mechaoixms daes nat exceed 0.01 ohm.

No additianal bonding required pravided resistance to
basic steucture through hinges and locking and lawch-
ing mechanisms does nat cxceed 0.0025 ohm at any
paint of measurement cven under aperaling conditiona.
Hord at lease once aceoss hinge or from plate to basic
structure by shortest practicable bonding jumper when
within 3 feet of radio antenna or leadin ar when at gas
and oil filler caps, overflow and vent lines, ere.

Nand across each piano hinge with shortest practicable
jumper, Cowl fasteners shall be provided along each
edge of weap or temovable cowl at intervala not ex-
ceeding 12 inches.

Hooding shall be accomplished by bare, dean, medal
to metal <ontact of all mounting plata, rack, shelf,
bracket, and structurc-mating surfaces so as to form a
conti s, low impedance ground from equipment
maounting plates ta basic structure. The rotal resistance
feom the cquipment mounting plate to basi¢ structure
shalt not axceed 0.0025 ohm. Bonding jumpers shall
not be used.

Dond at outhoard cnd if resistance to ground excerds
0.01 ochm,

When within 3 fcet of radio ¢quipment or leadin,
bond to basc siructure every 18 inches, except where
practicable positions of supparting and bonding clamps
and blocks do not cxceed 25 inches. Resistance be-
tween clamp and conduit within 3 fret of radio equip-
ment antenna, or [eadin, shall not exceed 0.0025 ahm.
When ahead of fircwall, bond to forward sde.

Bond 1o basic structure cach metallic object eatering
tank as close to 1ank as practicable.

Bond 10 basic structure with on¢ bonding jumper un-
less shackmounts are conductive.

Bond to basic structure cach extremity of each scction
of metallic fuel lines over 2 feet in length; for shocter
sectians, apply a sagle bond. When within 3 fect of
radio ar oth#t electronic equipment, antennas, or lead-
ins, the maximum resstance to basic structuce shall not
exceed 0.001 ohm.

Bond by one jumper ta basic structure.

4. SHIELDING.

Oane of the most effective methods of suppressing radio
noise is by the use of shielding. The general misconcep-
tion that has long existed about the praper use of radio

INSTRUMENT

| PLASTIC SHIELD PROTECTS INSTRUMENT
AGAINST WIND, RAIN, AND DAMAGE, BUT
OFFERS NO ELECTRICAL SHIELDING.

THICK COPPER SHIELD EOR LOW RADIO
{|FREQUENCY ENERGY.

NOISE SOURCE 7

T
! IV SAS
AP }—‘é/
.. -
“ T TTTTL e {THIN COPPER SHIELD FOR HIGH FREQUEN-
] - . CY RADIO MOISE ENERGY.
[ " 2 ‘|
v B (¥
i 1%

Figure 3-10—Example of Noise
Ejiminaticn by Shielding

frequency shielding has been responsible for the preseat
ineffective shield assemblies in use ar this time.

a. OBJECT.—The primary object in shielding is to
electrically bottle up the rgdio frequency noise energy.
In pracrical application, this means that the radio noise
energy must be kept flowing along the inner surface of
the shield.

(1) TYPES AND REASONS FOR SHIELDING.
(a) The term “shielding” is a general one as
there are many types and reasons for shielding. A shield
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Figure 3-11—Example of Complefe or
Perfect Shield

- of the shicld cizcuit and radiates into space and couples

- —
—— e——

Figure 3-12—Shielding of !gniiion System

can be designed for protection againse moisture, for is0-
lation of audio-frequency fields, for low-frequency radio
noise fields, and high-frequency radio noise ficlds, {See
fig. 3-10.)

(b) There are warious degrees of shiciding such
as partial shielding often referred to as shading and
complete or perfect shielding where the radio noise
energy is completely enciosed. Compicte or perfect shield-
ing is the type of shieiding in which the operator is
interested for radio noisc elimination purposes on air-
craft engines.

(2) PERFECT SHIELDING.

{a) Perfect shielding is accomplished by entrely
enclosing the source of radio noise encrgy in a2 metallic :
container having no openings znd with all joints of the
container being electrically tight or complete. By shield-
ing is meant the enclosing of the source. (See fig. 3-11.)

(&) When a soutce of radic noise energy is com-
pletely enclosed sithin a thick walled-mctal housing hav-
ing electzicaily perfect joints, no external radiation can
escape and the housing can be considered a perfect
shield. (See fig. 3-12.) The thickness of the shield ma-
teriai is dependent upon the frequency over whick the
shielding is to be effective, i.c., the lower the frequency
the thicker the shicld material.

. When the noise cnergy is permitted to escape
from a shield, it is conducted along the outside surface
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Figure 3-13—-Shield Currenf Path in a
V-type Engine

{(3) RADIO NOISE "LEAKS."—1a good shield-
ing desipn, the skin eflcce vf radio frequencies muse be
considered. The tendency for the radio noisc cnergy to
flow aver surfaces and the natural teadency of the cnergy
ta usc the paths of least impedance result in radic noise
leaks. A noise "leak’ in shiclding assemblies is similar
to an air leak ia a tire. The effectivencss of a shield as-

sembly is its ability to contain the noise fields within

the shicld. The amount of radio noise eaergy leaking out
at any point is depeadent upon the nature of the break
in the shield circuit and the point in the shicld circuit
where the hreak is located. (Sec fig. 3-13.)

{4) USE OF SHIELDING.—The usc of shinlding
as a2 mcthod of radio noise climination cannot be over-

NOGE PUVISTY HOGE WO
Aalea el W AALKD O

VSR OF CONDUR OWE OSSO OF Cand
CANTIG oD WO DaRCN

Figure 3-14—Use of Conduit Over Partian of Cable
Carrying Radio Noise Energy

emphasized. The use of good shielding is particularly
cffecrive in siruations where filters cannot be used and are
not particularly effective when they are used. A good ex-
ample of this is svhere radio noise energy radiates from
a radio noise source and the radiated energy is picked
up by the various circuits that eventually connect to the
receiver input circuirs. [t is obvious that it would be im-
practical o filter a number of lecads or vnirs that are
influcaced by the radio noise energy, when by the appli-
cation of cfiective shiclding ar the noise source itself
would entirely eliminate the radiated portion of the
radio noise energy by confining it within the shicld ar its
source.

5. YALUE OF SHIELDING.

a. The value of shielding is immense, especially in the
case of ignition systems on the aircraft engine; essen-
tially because the ignition system does #o? lend itself to
the suppression of radio noise by the use of wideband
flters.

b. Where isolatian of equipment and practical bond-
ing do not eliminate the effect of radio noise energy
from a particular source, an attempt to shicld the noise
source should be considered before the final decision is
made to incorperate the use of filters. The weight of
adequate shielding may be much less than the weight of
the filter nccessary to achieve the desired results, that is,
no noise. }

¢. In many cascs, the elimination of radio noise has
been accomplished simply by placing a good shicld over
a wire or bundle of wires catrying high radio noise
cnergy, therchy confining the radio noise encrgy to a
small space and preventing its transfer to the receiver.
(Sce fig. 3-14)
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Figure 3-15_lUsing Aircraft Structurni
Parts as o Partial Shield

6. SHIELPING USED WITH FILTERING.

a. OGBJECT OF SHIELDING.—Shiclding is often
vsed in conjunction with flrering, pacticelacly where it
becomes necessary to place a paxcicularly noisy unit
within 2 shicid box and use filtexs on all noise leads
entering or {eaving the shicld box. Again, it must be
stressed thac the object in using shielding in the suppres-
sion of radio noise is to confine the radic noise energy
to as small a space as possible.

b, METAL CONDUITS.—In cthe past, the complete
aircrafe electrical system was placed in rigid metzl con-
duit for the purpose of protecring it from the influence
of radio noisc encrgy, the thought being that radio noise
energy would be prevented from entering the receiving
circuits by way of the power supply wiring.

This method was not entirely successful for, in pany
cases, it actually increased the radio noise level because
of the fact that the radio noise energy swould be con®
ducted to the receiver input circuits by Rowing along
the inner surface of the conduit. For this and other rea
sons, the use of rigid meral conduit has been discon:
tinued, becavse it has heen determined quite conclusively
that the amount of radio noise signal requited to influr
cnce the potver circuit wiring is many times greater thad
the amount required to cause the same effect in the res
ceiver when entering by way of the antenna cifcuit.
Therefore, the cemaval of metal conduit on most low
tension circuits has been recommended and, in most
cases, has been found entirely satisfaccory.

7. METHODS OF SHIELDING,

: Shiclding as used in the airplane found most applicable
in the adaptation or use of the following methods ate:

a. PARTIAL SHIELDING OR SHADING.—Employ
this method where as much vse as possible is made of
channels and ducts tha¢ are available around the air
craft scructure, such as metal hulkhcads and decks. {See
fig. 3-15.)

5. SHIELDING OF INDIVIDUAI WIRES OR
CABILES THAT CARRY RADIO NOISE INERGY.—
This is generally accomplished by use of flexible metal
conduit. It bas been the unfortunate belief for many
yeaes that a single layer of mcratiic braid svoven over 3n
insulated wice was a sarisfactory cadio-(requency shicld.
This belicf has been disproved by many tosts. A goed
shield for radio noise encepy consisis of a flexible metwl
conduit with one or more fayers of tighely woven metal
braid over a weil-constructed interlocking flexible hese.
The common type of fiexible metal conduit aow i
general use consists of an ianer convoluced tbe over
which a single layec of aleminum beaid is woven. This
is not sarisfacrory as a radio noise shield. The installa-
tion of the betcer type flexible condvit, especially in
magaeto geound ciccuit, is mandacory, if noise-frec opera-
tion is expected. (See fig. 3-16.}

INNER METAL WOSE \ 4
CALUAPANUM) ~‘\‘\ ) 0’

_—
: l““@”@@ o
o
RADIO OISE LEAKS THROUGH § &
LACK &‘SUT?IS‘!{NTBUE e i
SHELDING SINGLE LAYER OFf [t 7]
LALUMINUAG

ORIGINAL ME TAL HOSE— =ORIGINAL LATER OF BAAD

i 8

ADOITIONAL LAYER OF BRAID

Figure 3-16—Types of Flexibfe Metal
Conduit Now in Use
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¢. SHIELDING ANTENNA LEADIN CIRCUITS.—
Shielding antenna leadin circuits between the antenna
feed-through insulator and the receiver antenna connec-
tion is very cffective in preventing noise energy from
being picked up by this portion of the antenna circuit.

8. CORRECTING A LEAKING CONDUIT.

a. GENERAL.—If the results of a loop probe test
along a section of flexible metal conduit used for radio-
frequency shielding purposes indicates that the conduit
is leaking, the condition may be corrected in cither of
two ways:

(1) Adding an additional cover of braid over the
existing braid covering the metal conduit.

(2) Using shielded wire inside the existing metal
conduit.

b. USE OF METAL BOXES.—Well-designed metal
boxes may also be used to excellent advantage by placing
sources of radio noise within the shicld box, thereby
limiting the radiation of radio noise energy. In using a
metal box to shicld a source of radio noise, two impor-
tant considerations must be kept in mind, the first is:

(1) That all leads or wires leaving the shield box
must be checked for noise and, if nccessary, filters
applicd.

(2) The other consideration is the ability of the
box cover to retain or “bottle up” the radio noise energy.
The covers must be well fitted and tight and, in many
cases, must even have a layer of braid added between
the cover and the box as a conducting seal or gasket.

9. DRAINING MOISTURE CONDENSATION.

Shiclding boxes must have provisions for draining
moisture condensation. This is accomplished by drilling
a hole inch or less in diameter in the box at a point
which is the lowest while the airplane is on the ground.
T.O. 01-1-68, dated 9 February 1945 directs drilling a
3/g-inch drain hole in all junction boxes in the airplane.
This size hole is satisfactory for junction boxes where the
radio noise intensity is negligible or of low intensity.
The radio noise intensity in shielding boxes is much
higher, therefore, a smaller drain hole is required. Ex-
perience has shown that a drain hole 14 inch or less in
diameter has little cffect on the efficiency of shiclding
boxes, except where the noise intensity is extremely high,
as in magnetos.

Section 1l
Paragraphs 7c-10b

10. FILTERS.

a. GENERAL.—After all other methods of radio
noise elimination have been considered and have been
rejected as impractical or have not provided sufficient
suppression, the use of radio noise filters will be neces-
sary in order to suppress the radio noise at its source as
much as possible. The ability of a good radio noise filter
to prevent the radio noise cnergy from leaving the im-
mediate vicinity of its source by conduction is the figure
of merit or attenuation of the filter. The use of wide-
band filters for radio noise elimination is often resorted
to in order to cure stubborn cases of radio noise that will
not respond to simple cures such as providing a low im-
pedance bond, shielding and isolation or separation be-
tween the noise source and the receiver's input circuits.

(1) WEIGHT PROBLEMS OF A FILTER UNIT.
—The added weight of a filter unit is one of the most
serious disadvantages encountered in using this method
of radio noise suppression. Therefore, the use of filters
should be resorted to only after all other known methods
of radio noise elimination have been tried and have not
produced the degree of radio noise suppression desired.
The weight problem is serious for generally the weight
of the filter is dependent upon the frequency band over
which the filter unit must be effective. High current
filters which must be effective at low frequencies can
casily weigh several pounds, therefore, their use must
be limited.

(2) EFFECTIVENESS OF THE FILTER UNIT.—
The filter unit, when properly used, is very effective in
localizing the radio noise energy to the immediate vi-
cinity of the radio noise source and is often referred to
as ‘“'source filtering” or “source suppression.” If filters
must be resorted to in“order to successfully reduce the
radio noise level, the procurement or local manufacture
of effective filter units should not offer too great a prob-
lem. Design information and manufacture facilities of
filter units for any specific radio noise source has reached
a stage where the required filters can easily be obtained
or information may be furnished for local manufacrure.
However, the design of filters has not yet reached the
stage where a universal filter, covering all frequencies,
has been developed. Therefore, each source of radio noise
is a separate problem and must be eliminated by the
simplest and most practical method available.

b. TYPES OF FILTERS.—Filters for radio noise sup-
pression are available in two general types. The choice

MOTOR, SOURCE OF PATH TAKEN BY RADIO
RADIO NOISE / NOISE ENERGY DUE TO
’ LOW IMPEDANCE OF
CONDENSER
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‘1 e — il |
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WORKING VOLTAGE OF THE 8Y
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Figure 3-17—Bypass Capacitor Used as Filter

Figure 3-18—Voltage Rating of Filter Capacitor
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Figure 3-19—S#ray inductance in‘Ccpncifors

of either type depends entirely upon conditions under
which the filter must he used.
(1) BYPASS CAPACITOR FILTER.—The most
common type filter action may be obtained by a bypass
capacitor. (See fig. 3-17.) In this method, the radio
noise energy passes through the capacitor to ground and
then back to its source. This short-circuiting cffect is due
to the fact that the capacitor offers a very low impedance
path across the noise source terminals. The frequencics
that are short cireuited theough the capacitor are depend-
ent upon the capacity of the capacitor, the materials used
in the manufacture of the capacitor, and the type of
capacitor canstruction employed. The popularity of this
type of Elter is due to the fact that the current used for
operation of the radio noise source does not have to
pass through the filter. The only energy passing through
the filter is the radio noise crergy. The most important
Llimiting factor in the choice of a capacitar-type filter is
the breakdown voltage rating of che capacicor. It must be
well 2bove the voltage used to operate the source of radio
noise to be filtered. For example, where a 24-volt source
of noise is to be bypassed with a capacitor, the working
voltage of the capacitor should Be at least 50 volts. (See
fig. 3-18.)
(2) FREQUENCY RANGE TO BE FILTERED.
{a) The next consideration in choice of a bypass
capacitoz filter is the frequency range to be filtered or
bypassed. If the frequency range to be filtered is below
20 mcs, the most practical capacitor available ac this time
is a 4 mfd paper-insulated capacitor CA275X mounted in
a metal case, Air Corps Class 16, ARL Stock No.

Figure 3-20—Two Capocitors Used os Filters
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Figure 3-21—Noise Radinted from Filter Leads

3D275X. This capacitor has been developed especially
for radio noise elimination work.

CAUTION
Caution must be observed in using this capaci-
for as the working voltage is only 50 volts. If
voltage ratings of over 50 volis are desired,
capacitors may he connccted in serics. Haowever,
this will reduce the effective capacity of this
assembty.

{&) For frequencies above 20 mcs, small mica-
type capacitors 0.1 mfd to 100 mmf arc used. The use of
the CA-275X or other similar capacitors {fur higher fre-
quencies is not recommended mainly hecause of the stray
inductance inherent in these condensers. As the fre-
quency of the radio noise energy increases, the if\ll‘mal
impedancc of a capacitar also increases so that msu‘a.d
aof allowing the radio noisc encrgy to flow to ground, it
actually prevents it from 1caching gronnd. (See 6g.
3-19.) The idcal capacitor for use as a filicr would be one
which had no inherent stray inductance. Improved con-
densers are being developed, however, no commercial
models are yet available. In many cases where both 10‘}'
and high frequency radio noises arc to he climinated, it
is commaon practice to use both a capacitor of the CA-
275X type and a small mica-type capacitor in pacallel.
(See fig. 3-20.)

(3) CAPACITY OF THE MICA CAPACITOR—
The capacity of the mica capacitor vsed is dependeat
upon the frequency of the radio noisc encrgy to be §)’-
passed. Always usc a capacitor with just enough capacity
to provide satisfactory radio noise suppression. It is
imperatire that the capacitor be installed as closely as
possible to the source of radic noisc, as the Ieads between

Figure 3-22—Feed-through Type Copacifor
Used for Filfering
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Figure 3-23—Construction of Feed-through
Type Capacitors

the capacitor and the radio noise source can casily be-
come very efficient radiators and add additional im-
pedance in the filter circuit. (See fig. 3-21.)

(4) FEED-THROUGH TYPE CAPACITOR.

(a) A late development in capacitor design has
been the production of the feed-through type capacitor.
(Sce fig. 3-22), which gets its name from the fact chac cthe
candenser is placed ia the line in such a2 manner that the
line current muse pass through the lead running through
che center of the capacitor. (Sec fig. 3-23.)

{(h) This type capacitor is very effective when
used as a means of filtering leads entering or leaving a
shiclded box oc compariment. (See fig. 3-24.) One popu-
lar model of this type capacitor is made by General
Electric Co. Catalogue No. 26F558, 0.55 mfd, 200-v D-C
55 amp.

{5) CURRENT-CARRYING RADIO NOISE-
REJECTION TYPL FILTER.

() The second general type of radio noise filter
is the current-carrying radio-noise rejection type. (Sece
fig. 3-25.)

(b) This type filter is often referred to as the
“brute furce™ or “PI" filcer. The disadvantage of this
type filter is that the load current which operates the
source of radio noisc must flow through the filter in-
duceor unit with consequent volrage drap.

The low-frequeacy filter inducter coils often
incorporate magnetic cores of cither laminated iron or
powdered iron (n order to achieve the geeatest amount
of inductive reacrance or noise rejection ability possible.
{Scc fig. 3-26.)

wELL 3L -{un.l
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CONDINSLR

SOLCER " \

Figure 3-24—Feed-through Type Copacifor
installed in Shielded Box

Figure 3-25—Inductor-fype Filter

(¢) GENERAL REQUIREMENTS.

1. Capacitors are placed at both ends of the
current-carrying inducror. The capacitor at the noise
source or input end bypasses as much of the radio noise
energy as possible. The capacitor at the output end of the
inductor bypasses the noise energy that gers through the
inductor. (Seec fig. 3-27.)

2. The same general requirements apply in se-
leeting capacitors for the “brute force™ filter as apply
to the sclection of the capacitors when used as bypass
filters.

3. When currents in the region of 100 amperes
or sa must be carried, the size and weight of the filter
increases rapidly. In selecting a filter of this type, it is
imperative that the filter be able to carry the proper
amount of current and ar the same time have a very small
voltage drop. Actually, the poatential drop across any
pair of input-output terminals of a filter resulting from
full load power current flosv shall not exceed one (1)
percent of the nominal power circuit voltage. With these
requirements, it becomes quite difficalt ar times to con-
stcuct an inductor svitable for use at the lower fre-
quengics.

a. MOUNT FILTER CLOSE TO EQUIP-
MENT.—The effectiveness of a filter will be consider-
ably lowered if it is not mounted on or quite close to the
equipment beiag filtered. The shortest possible ground-
ing connection should be used. Where a grounding con-

SAOL FeTie COR

FOWIEND WON COM
ACH rarie COa

Figure 3-26—Iiron Cores Used in Inductive Filters
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Figure 3-27.—.Cambination Capacitor
and Inductor Filter

ductor is necessary, it should consist of 2 copper or alumi-
num strip at least LS inch wide.

b. DESIGN OF A “BRUTE FORCE"
FILTER.—There are no hard and fast fules that can be
used in design of a “brute force™ fikter of the “PI,” “I”
or “T" perwork type. This is because of the fact that the
radio noise produding characteristics of electrical equip-
ment is widely varied. Aa ideal filter for radio noise
wounld have to incorporate such features as capacitors
with 0o seray, indurtance and jnductors having no stray
capadity. Such conditions are, for the most part, prac-
tically impossible. It should also be pointed out that a
universal fiiter, that is, one that would work well over

T. O. No, 16-1-45

all frequencies, is impractical to design. Therefore, the
filter must be designed to operate over the frequency
range oo which radio noise elimination is desired. The
application of the “brute force” filter is definitely
limired, depending on the type of equipment fequiring
noise suppression, the provisions for mounting the filter
and whether the space limitations will permit installation
of the fiiter.

Note

In assembling all rypes of filters, rare must be
taken to keep all capacitor leads as short as
practicable. Where metal cased capacitors ate
employed, the cases should be carefully sold-
ered 10 the chassis or case of the filters assembly
in order to insure a low impedance path to
ground. The filter musst be located as near the
radio noise source as possible. Where it must
be located away from the source of radio noise
leads between the filter and the radio noise
source must be well shielded. {Scc f1g. 3-40.)

11. GENERAL DESIGN INSTRUCTIONS.

a. The following sketches give general information
relative to the "brute foree™ filter design for use over
various radio-frequency ranges. These design instructions
are approximare only and should be used only as a
guide. (See figs. 328 and 3-29.)
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Figare 3-28—"Brate Force’ Fiiter Design
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CURRENT CARRYING CAPACITY
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Figure 3-29—Current-carrying Capacity
for Wire Sixe
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Figure 3-30-—Shielding ieads between
Noise Source and Filter

IMPORTANT

Care must be tzken to see that a low impedance
radio frequency connection exists between the
filter and che unit on which it is mounted.
Care moust be used in accomplishing this as a
good direct current ground is not always a good
radio frequency ground. The input and output
leads of a filter unit must never be placed to-
gether in the same cable bandle or installed in
any manner which will aliow coupling between
the input and output portions of the fiter.
{See fig. 3-31.)
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Figure 3-31—Locating Filter Leads
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Fiqure 3-32—Using Loop ta Determine
Effectiveness of Filter

5. The filter uait is generally always mounted ic 2
well-shielded metal case. This prevents mechanical dam-
age to the electtical components and also prevents radio
noise coupling between the filter input asd output
terminals. When filters are ibstalled, never have the
filter input and outpuc teads in the same cable form.

¢. The simplest way to determine the effecdveness of
the filter under considetation is to attach the loop probe
to the circuits being filtered and then use the filter that
gives the greatest reduction in output meter reading.
When checking the §iter action over frequencies below
20 me, Radioc Receiver BC-348 may be used and, on the
high frequencies between 106 mc and 250 mg, Radio
Receiver SCR-522 may be used. (See fig. 3-32.)
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SECTION IV
APPLICATION OF SUPPRESSION TYECHNIQUES

1. GENERAL.

a, A_f(r.:r the source of radio noise has been localized,
the prnciple techniques of radio noise SUppression must
be applied. The application of these principles to the
Yanous equipments is neither hard ¢ understand nor
d:fflcu!: to accomplish. As each known method of radio
NOise suppression has been described as complerely as
possible, it simply will mean that in order to suppress
the aoise on any item, the availabie techniques of noise
suppression must be considered in turn and the possi-
bility of applying one or afl techniques must be investi-
gated for each noise source,

. Practical applications of these techniques sre dis-
cussed in the following parageaphs. These applications
are ajt general and should be used as a guide in applying
n0ise suppression on any part of the aircraft or any of
its components.

IMPORTANT
Beforc any noise suppression technique is in-
corporaced in any part of che zircrafr or any of
its components, the possibilizy of the suppres.
sion technique cavusing malfunctioning of 20y
item ot equipments must be thoronghly investi-
gated.

2. AIRCRAFT IGNITION SYSTEM.

@ GENERAL.—The aizrcraft ignition system includes
the following smaller units or assembiies;

(1) The engine ignition system, i.c., the magnetos,
distributors, harness assembliy, and the spack piugs.

(2} The starting circuits which contain the booster
coil or the induction vibracor.

{3} The ignition switch of control circuit.

{4) The flexible meral conduit used to cover the
wiring between the engine ignition syscem, the igaition
switch, and the starting assemblies. All the above items
are 3 source of radio noise and are covered in detail in
the foltowing pacagraphs.

& AIRCRAFT ENGINE,

(1) SOURCE OF RADIOC INTERFERENCE —
The ignition system of the sircraft engine is a major
sousce of radio interference. The use of high rension
spark energy for the transmission of radio signals is
well known. The spark tranfmitter of former years is
also weil known for its wide range of interference sig.
nals. The ignition system of an aircrafe engine uses the
same type spark enesgy to ignite the vaporized gas in
the airplane engine as was used in the wirefess erans-

mitter of former ycars. )
The energy of the spark reaches coasiderable pro-
portion as the average aircraft magnero is capable of
supplying approximately 20 watts of spack energy. The

4-0

frequency range of spatk eneegy has not heen definitely
determined. Howeves, it is well known thar the present
spatk intecference signais can be de!ectcfi on all fre-
quencies covered by receiving equipment in use at this
time. -8

The importance of rfadio noise elimination oa
the engiae can well be undesstood if one can visvalize 2
transmitter operating on all frequencics, capable of radi-
ating several wates of noise energy and mounted only a
few feet from the teceiving antenna, Under these condis
tions, how can the receiver possibly descet the signal
from a wansmitter of a few watts Tocated sevcm? miles
away, These exactly are the conditions under which the
aircraft radio equipments must operate.

{2} USE OF PROPER SIHIELDING.

{2) In discussing che airceafc cngine as a source
of radio noise, it can be conciuded that ihe suppression
technique of the radio noisc as applicd to the aiteraft
engine falls into one major method, that is. the wse of
proper shiclding,

{5) As the major portion of che ignidun system
1s placed externally in reference to the skin of che air-
Plane, it is in free space exactly like 1hic seceiving 20
wona, Thetefore, the application, if isolacion (cclsmguc
15 in reference to the enginc ignition system is a physical
impossibility.

{c) The vse of bonding on aircraf cngines far
noise suppression is worthless becanse the Amount of
eneepy escaping from che ignicion systenmt secks no iogl_Cﬂ[
*éturn path to the soucce of the naise. Actually, bonding
applied 20 the ignition system will actoally cause crouble
in that each bond teads to act as 4 small anterna thereby
increasing the possibility af increased radiation of the
radio nosse enerpy.

{3) PURPOSE OF SHIELDING.

{a) In electisic motors and penetacors, the radio
noise encrgy genecated seeves no useful function in the
operation of the motor ot generator and for that reasos,
it can he easily filicsed out without scriously reducing
the operating efficiency of the motors or generaror. How-
ever, the spark energy in the aircraft eagine ignition
System is the useful energy and is necessary for the opera
tion of che ignition system. Therefore, the spark conergy
cannot be climinated with the use of filcers.

{4) 1f the radio noise energy cannot be isalated,
bonded or filtered, then the only alternate method of
suppressing the radio noise encrgy available at this time
is by the use of proper shiciding. The use of shieiding on
the ignition system is a fortunate coincidence foe modern
shielding on the engine as it also serves many purposes,
namely, protection against moistute and mechanical
breakage or damage to the ignition witing. However, un-
fortupately, the proper desiga of shieided ignition sys-
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Figure 4-1——Ignition System for Radial-fype Engine
Showing Naisc Energy Path and the Mast Prevalent
Source of Leakage

terus hiuas not been well understoad by either the designers
of the ignitina equipment or the manufacturers of air-
Crrlt engines,

(¢) lgnition shicelding, :a be successful, rmust
catirely Yhottle up™ all the radio noise energy. There is
0o other answer o the degree of shielding properties
suituble far eagioc ignition systems.

{d) Shield current citcuits vary slightly, IMow-
ever, chere are two general types of ignition haraess as-
semblics, anc designed for the radial-type engine, the
other for the Vetype engine. The paths taken by the
radio noise coergy in radial eagine ignition systems is
shawn in figure 4-1, The thickness of the shield material
is dependent upon the frequency over which the shield-
ing is to be effecuve ie., the lower the frequency, the
thicker the shicld marterial,

The ¢ngine ignition system generally consists
af 1 magncto, distributor, shielded hacness and spark
plugs. (See fig. 4.2))

¢. MAGNETO.~—~The magneto is a form of high-
frequency generator. Radiations emanating from it dur-
ing aperation will cause interference with radio reception
in the aircraft unless properly shielded.

As power which is respansible faor the radio naise
encrgy is generated in the magneto, it will be discussed
fiest. In the magneto, all joints and covers are a poteacial
source aof radio noise. Figure 4.3 illustraces several types
of joints ordinarily found to be a source of noise in
magnetos.

En order o keep the radio noise energy within the
magaeeo shicld, it will be necessary to make all joints
clecteically tighe.

Figure 4-2—--Engine Ignition System

BREAXER COVERS

=

Figure 4-3—.Joints Ordinarily Found fo be a Source
of Noise in Magnetos

d. DISTRIBUTOR.—The next potential source of
noise is the distributor comprising a distributor totor
and terminals connecting individual spark plugs. It may
be considered 2as a rorating mechanical switch which
transfers the elcctrical energy from the high-tension coil
of the magneto to the spark plugs. The distributor finger
or rotor does not touch the terminals or electrodes but
passes over them with close clearance. Since the high
voltage produced by the magneto must jump the aix gap
between che rotor finger and the terminals of the dis-
tributor in addition to the spark plug gap, the disttibutor
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" Figure 4-4—Joinfs Ordinarily Found fo be a
Source of Noisa in Distributors

ﬂgure 4-5—Noise Leaks in Harness Assembly {A)

- <aa be compared to a spark transmitter unless it is prop-
ecly shielded. Again, it is a problem of Kkeeping the
joints electrically tight. Types of distributor joints are
shown in figure 4.4, Again, che problem is onc of clean-
ing and closing the joints to prevent the noise energy

from lezkiag out.
[ARDMESS ASSEMBLYX.—Another source of noise
is the harness assembly. This again is che problem of
'ﬁ' ng the radio noise energy inside the hacness or
hi e'g' fig. 4-5.) If any partion of the harness as-
 is cracked or broken replace it. Tighten ait auts
nectors properly. Potential sources of naise leak-
fom harness seccian are shown in figure 4.G.

K PLUG.

JRPOSE OF SPARK PLUG.—The primaty
plug is to pravide 2 spark gap for
B

Figure 4-6-—Noise Leaks in Harness Assembly (8!
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[ HOW 10 AP A COVER SURFACK

Figure 4.7—How }o Lap @ Cover Surface

igniting the vaporized gas in the aircraft eagine. The
average shielded spark plug is well designed from a
radiu intesference standpoint.

As spark plugs arc nornwlly well shiclded, they
are hardly ever a source of naise, although high noise
levels huve been reported as caused by spark plugs that
ate aat operating properly. This has never been abso-
lutely proven as a source of noise. It is believed that if
all the troubles in other sections of the harness are cor-
rected properly, there will be little need to worry about
the spark plugs if chiey aee tightened properly.

Section IV
Paragraphs 2f(1)-2f{2){c)

The sadic intwrference caused by engine ignition
systems can be summed up as follows:

(a) Interference due to radio noise leaking past
poorly mated mctal joints located in any portion of the
ignition system.

(6) Interference from damaged portions of the
ignition harness assembly,

(¢) Interference from loose nuts or other fasten-
ing devices which are part of the ignition assembly.

(2) NOISE ELIMINATION METHODS.—In gen-
eral, the radio noise climination methods that apply to
the engine ignition assemblies are maintaining good
elecerical contact between all joints 2nd mating surfaces
in all portions of the engine ignition assembly by;

(a) Sucface oc lap all mating surfaces so that
they fic together in such a manner thar there is no
physical scparation beiween the covers at any point
when properly instailed and tightened. (See fig. 4-7.)

(&) Cleaning all paint or other finish from mat-
ing surfaces. {Sce fig. 4-8.)

(¢) Replace all neoprene gaskets wich meeal braid
covered neoprene gaskets. (See fig. 4-9.)

IMPORTANT
It is important that all surfaces shere pon-
corrosive metal paint or other protective fin-

—

Figure 4-8-..Cleaning the Mating Surfaces

Figure 4-9—Replacing Neoprene Goskets with
Metal Braid Covered Gaskets
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ishes are removed that the cleaned surface he
covered with a thin coating of an anti-corrosive
peacectar such as white vaseline or Dow Corn-
ing Compound DCA4. It is recommended that
the noise exciter unit described in paragraph
4 d(1), seceion 11, be used for noise suppression
maintenance on eéngine ignition assemblies.

2. IGNITION SWITCH.

(1) SHIELDING NOISE SUPPRESSION TECH-
NIQUE.-—The igaition switch or swicches are part of
the aircrafe igoition system, controlling the clectrical
operation of the magneto. Proper shielding and isolation
must be maintained to prevent the ignition switch from
becoming a radio noise source.

There is very little thar field petsonnel can do
about preseat day igaition switches. OF the general types
in use, the A-7 is one of the worst offenders, from a
noise standpoint. Its design is such that it will leak
noise from the front and rear sections. The switch is
unshielded which makes it difficult to terminate the
flexible shield conduit in a manner that will enclose the
noise in a perfect shield. (See fig. 4-10.)

Since the ignition switch is part of the ignition
assembly, it does not lend itself to either bonding or
filtering. Therefore, the most effective noise suppression
technique available is shielding. Wherc switches are en-

POORLY SHIELDED SWITCH
RADIO NOISE LEAKS OUT
FRONT AND REAR COVERS

Figure 4-10—Noise Leaks from
Paariy-shielded Switch

RESTRICTED
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SWITCH PLACED INSIDE BOX

WELL SHIELDED
f BOX

DO NOT ATTACH
SHIELDING CONDUIT
TO COVER OF BOX

b, CONNECT TO BOX
SWITCH A7 R PROPER

Figure 4-11—Switch Placed in Shiclded Box

countered, it will be necessary to place the switch in an
entirely shielded box or compartment. (Sce fig. 4-11.)

One other common fault with ignition switches
is the common battery or master batcery-type switch that

—

Figure 4-!2-—.Common Battery and Ignition Switch
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BAY T ey

LEADS

MAGNETO GROUND LEADS

| HEMOVE THESE WRES FROM
SWITCH SEPARAYE wrlLl
| EADS AND CONNELCTY O

NAT TE Y

SWATCH

~-_'/——7Nt2
N Use

N - --\ USED

X

b LEADS

FROM NAGNETO
SEPARATE

TERMVNAL S NOT

MAGNETO WIRES

- —_—
SRuwW SVATCH FOR AT TERY E

Figure 4-13—
instailing Separate Swikch

IGNITION for Battery Circuit

is often incorporated in the ignition switch similar to
Type A-9. (See fig. 4-12.)

{2} REMOVAL OF WIRING FROM BATTERY
CIRCUIT.—It is necessary to remove the wiring asso-
ciated with the airplane battery circuit from the ignition
switch and provide a2n additional switch for this pur-
pose. (See fip. 4-13.} The reason for this is clearly evi-
dent in that the radio noise on the ignition controf cir-
cuits will couple to the battery wiring, thereby causing
the whole airplane electrical system to become a source
of radio noise. Another comroon fault ia ignition switch-
es is che use of an external unshiclded ground lead
which is connected to the ignition switch and thea leaves
the switch shield box and is grounded to the airplane

frame at some point several inches from the switch, This
unshbielded lead is a prolific radiator. {See fig. 4-14.) This
trouble is easily remcdied by grounding the unoshielded
lead inside the switch shield box.

h. BOOSTER COIL AND INDUCTION VIBRA-
TORS.—The engine starting ignition booster coil and
induction vibrators are prolific souzces of igaition radio
floise.

This radio noise is not due to the operation of these
units for they are used only during che starting of the
aircraft engine. The noise is due to these units being
connccted electricaily to the magncto, (See fig. 4-15.)
The noise caused by the booster coil and induction vibra-
tor comes from three sources:
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Poragraphs 2h(1)-2h({3)

Figure 4-16—Radio Noise from
Poorly-shielded Wiring

{1) Poor shiclding on the electrical wiring between
the magnero and the boosier coil or induction vibrator,
{5¢ce fig. 4-16.)

(2) Poor or complete ahsence of shielding around
the booscer coil or induction vibrator unit. {See fig. 4-17.)

{3) Noisc coupling between that portion of the
booster coil or induction vibratar connected to the
magneto and the battery operated portion. This couples
the noise into the aircraft electrical system.

To remedy the above faulty conditions, it svill
be necessary to provide the following: (See fig. 4-18.)

(1) Woell-shielded flexible metal conduit for all
wiring between the magneto, the booster coil, or induc-
tion vibrator and the ignition switch.

{2) A well-shiclded metal box must be used for
completely enclosing the booster coil or induction vibra-
tor.

(3) A radio noise filter must be installed inside
the shicld box provided for the induction vibratotr or
bouster <oil. The filter is connected in the bactery lead,
using connections that are as short as possible. This
filter will pravent the noise from entering the airplane
elecerical system.

Figure 4-17—Radio Noise from Poorly-shielded
Coil and Vibretor

- BRAID COVESED

Figure 4-18—Correcting Faulfy Conditions
in Coil or Vibrator
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\—TO SWITEN AND
y\ INQUCTION VIBRATOR

\

« POORLY SHIELDED
\connun

.

LCREMQVE UNSHIELOED MAGNETO GROUND
WIRE INSIDE CONDUIT

TO SWITCH AND
; INDUCTION VIBRATOR

lﬁimtm e

“REPLACE WITH SHICLDED MAGNETO
GROQUND LEADS

Figure 4-19.—Carrecfing Leaky Portions of Condulf

i

SHELDED
CONDULT

THIS LEAD SHOULD BE
GROUNDED INSIDE
RATHER THAN OUT-

‘ T IOINT

MAG LEAD

Figure 4-20—Nolse from Unshielded
Ground Lead In 'Y™ Join}

CONDUCTID  RECORD SHEET \
ti—— RADIO NDISE TEST {
OaTE ALAUARRS "B-17 42-2101
N DR ¢
reccuene|s 110 2|g “—ENTER ITEMS TO
G S S OF CHECKED HLRC
il B ol2|o|e
150 A C als (o
200 KC 2] ale
240 KT {2 «lalo Y
200 kT ¢ Jaa
350 KC 3|olalole
400 KT s[ofeloto
500 AT 2o« fofo
S e e L T
L v
o ENTER OUTPUT METER VOLTAGT
4 REABKNGS HERE
" ENTER FREDUENCY AT POINTS TESTS ARE WADE
SAMPLE FORM SUGGESTED FOR RECORDING
RADIC NOISE TEST DATA

_——

Figure 4-21—Sampie Form Suggestcd for
Recordiitg Radio Noise Test Dnin

7. ELEXIBLE CONDUIT.

{1) NOISE ENERGY LEAK.—Xlexible metal con-
duit generally used in aircraft igoition control circuits,
particulacly the portion used between the magncto, 3gni-
tion switch and booster coil or induction vibrator allows
the noise energy to leak throvgh. The ordinary type
flexible metal conduit simply does not have enough
shielding quality,

(2) DETECTING CONDUIT LEAK WITH
PROBE.—Where the flexible conduir does leak, it can
be easily detected with the probe. When leaky portions
of conduit are localized the remedy is simple. (See fig.
4-19.) An additional layer of metal shield braid can be
put over the existing braid or the unshielded wires io-
side the conduit may be removed and replaced with
shielded wire with the same electrical characteristics.
No portion of the ignition control circuit should be
unshielded. Ip some aircraft, it has been common prac-
tice to shield ignition ground leads up to a certain
point, then use unshielded wire from there on, A spe-
cific illustration of this sort is the upshielded ground
Yead at conduit “Y” connections, (See fig. 4-20.)

CAUTION
Use extreme care when installing shiclded igni-
tion ground citcuits for an accidental short
circuit will cause the engine to fail.

3, GENERAL AIRCRAFT CONSIDERATIONS.

a. Genera! application of noise suppression techniques
to the aircraft as a whole are not specific but are general
considerations that are deemed good engineering prac-
tice, Practically all of these are covered in section Il
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Figure 4-22—Noise Sources in Electric
Pitch Change System

&. Whea aireraft is being checked for radio noise, it
is exticmely helpful to record the results of all noise
test on suitable forms so that as noisy items are localized
a record is available to guide the personnel responsible
for the application as suppression techniques. (See fig.
4-21.)

v. After che aircraft ignition circuits have been sup-
pressed as completely as possible, all other electrical
itoms in the aircraft should be suppressed individually if
the need for suppeession is apparent from the noise test
records.

Figure 4-23—Noise Sources In Control
Circuit of Pitch Change System

4. ELECTRIC PROPELLERS.

a. SOURCES OF RADIO NOISE INTERFERENCE.
—The electric-type controllable pitch propellers and
associated contralled equipment and wiring are a source
of radio noise that may be diffrcult o eliminate. Sources
of this interference produced in the electric pitch change
system may be scen in observing figures 4-22 thru 4-25.
Radio noise produced by the electric propeller pitch
change system emanates from four central sources:

(1) Propeller pitch change motor.
(2) Slip ring and brush assemhly.
(3) Governor relay and solenoids.
(4) Fast feathering booster.
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Flgure 4-26~~Test Method for Checking Radio
Neaise From Piteh Change Motor

». CHECKING FOR PROPELLER SYSTEM RADIO
NOCISE.—An effective method of checking for propellex
systero radio noise is illustrated in figure 4-26. This
method of checking for interference requires the em-
ployment of Anrenna AN-104 secured to the propeller
blade with friction tape. Aatennz AIN-104 is connected
to any available receiver coveting the required frequency
range and connected by means of 2 suitable coaxial line.
This zest is conducted without operation of engine or
propeller.

If, duting this test, a motor “whine” or “hash” is
noticed in the output of the receiver, when the pitch
change motor is operated in eithex the increase ot de-
czease position the following steps may be taken to
teduce this undesired radio noise.

{1} PROCEDURF USED FOR GROUNDING
FEATHER LEADS.—In airceaft employing single en-
gioe electric propeller stysems, not previously eguipped
with honding brushes, in which the number 1 feather
lead is not employed, this lead may be uttlized as a2 com-
mon ground return lead by grounding this fead or the
propeiler proper and grounding this lead also at the
brush assembly housing by means of 2 small clip. All
sutfaces of the brush holder and housing and adjacent
sutfaces of the brush-hoider mounting ‘h°‘§j‘,i be thor.
oughly cleaned, removing all paint and anodizing, figure

-27, in otder to secute a low impedance path 10 ground.

RESTRICTED

Figure 4-27--Cleaning Brush Holder and Housing

I sircrafe in which tbe feathering lead is employed for
festhering the common ground teturn lead may be
employed as 2 common ground between the propeller
proper and the brush-assembly housing or bolder. A
noticezble teduction in the “hash” ox noise created b

the pitch change motor should be observed, If further
ohscrved, insert 3 small radio-frequency choke of ap-
proximately eight rurns in the common ground return
lead and connect 2 0.0005 wwfd capaditor from the comm-
mon ground return lead terminal to ground. (See fig.
4-28.}
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Ip single-engine airplanes where there is no pro-
vision for feathering the propeller, it is advisable to use
as many brushes as possible for ground return paths.
Connect the brushes to ground with 2 short copper steap
from the ground return lead to the brush housing.
Where the ground return lead runs to the instrument
panel for a ground connection, remove the section be-
tweea the refay junction box 2nd the instrument panei
and ground the ground return fead at the relay junction
box. Make certain that all Lord shockmounts in the
vicinity of the propeiler are weli bonded with short
metal secaps.

{(2) TO CLEAN SLIP RING BRUSHES AND
BRUSH ASSEMBLY.—In providing low impedance
ground returas and in all aircraft where slip rings are
employed, wipe the slip ring brushes and brush assembly
with 2 clean dry cloth (do not use cleaning solvent on
brusbes or brush assemblies} to assure that oils and
hydraulic fluids are pot present on the slip fing and
brushes. In allowing ocil to accumulate on the slip rings,
a high impedance film is reduced thereon and reduces
the effective grounding herein described.

¢. RADIC NOCISE TEST PROCEDURE.—One source
of noise is the propeiler pitch change motor, the second
is the slip ring brush assembly, and the third is the pro-
peller governor circuit which makes and breaks large
amounts of current. If a fast feather booster is used,
it may be apother source. If a “whine” or “hash" is
heard in the noise receiver while the pitch control in
the airplane is being operated in either the “Increase” ot
“Decrease” position, take the following steps to reduce
the radic noise present:

Provide a2 good low impedance ground path for the
negative lead of the pitch change motor. The pitch
change system may be checked without the engine run-
ning. (See fig. 4-26.) Antenna AN-104 is connected to
the antenna terminal of the receiver being used for the
radio noise test by 2 coaxial fine.

After the pitck change motor radie ooise has been
eliminated, check the povernor and relay circuit. For
this check, use the regular aircraft receiver connected to
the normal antenna installed on the airpiane. The radio
noise test procedute is as follows:

(1) Start the engine and run at approximately
1500 to 160¢ rpm so that the propeiier governor is in
operation. Pull the propeller quadrant coatrol approxi-
mately three quarters of the way back so that a decrease
of about 300 rpm is noted. By alternately increasing and
decreasing the throttle adjustment slightly, the governor
can be made to operate.

{2} If 2 steady ‘‘click” or “pop™ is heard while
opetating the propelier governor, stop the engine and
remove the pitch change motor from the circuit by dis-
connecting the connector plug at the brush bousing.
(See fig. 4-20.})

(3} Separate the governor leads as far as possibie
from other leads in the relay junction box,
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Figure 4-29—Removing the Pitchk Change
Motar from the Circuit

(4} Add an addirion2l ground strap between the
relay junction box and the airplane structure. (Sec fig.
4.30)

{5) Start che engine again and repeat the procedure
in subparagraph (2). If 2 steady “click” or “pop” is
heard, then there is definitely some governor or relay
interference prsent.

d. TO ELIMINATE RADIO NOISE.—Make the fol-
fowing changes to eliminate the radio noise from these
circaits.

{1) Connect 2 27 microhenry inductance in series
with No. 5 lead in the relay junction box. (See fig. 4-31.)

RELAY AND
JUNCTION BOX

Figure 4-30—Bond Strap from Junction
Box to Ground
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Figure 4-31—Choke Used in Relay Junction Box

{2) Connecct a 0.5 mid capacitor betsveen No. 4
terminal and ground and hetween No. 8 terminal and
ground. {Sce fig. 4-32.) These capacitors must have at
least 6Ov-vole d-c, working voltage. In order to prevent
radio noise from being conducted to associated wiring
throughout the aircraft, Alters may be employed. Details
of oae type af filtering ate shown in sketches figure 4-31
and 4-32. However, if added flter is required as shown
in figurcs 4-24 and 4.25, care should be taken when
filters are added as shown. These lters should be of
sufficient curzent-carrying capacity rating so as to insure
proper operation of the propeller pitch change motor.
In single-engine aircraft, employ a filter of not less than
25 ampere rating. In return leads from dual engine air-
craft, filters of not less than 50-ampere rating should
be employed.

5. GENERATOR CIRCUITS.

The engine-driven generator which furnishes the
power used in the aircraft 28-volt electrical circoits is a
potential source of radio noise. (See fig. 4-33.)

2. TO CHECK GENERATOR CIRCUITS.—In order
to check the generator circuirs, the engine is run at a
speed that will operate the generator contro! circnits
which are located in the switch relay box. When the
proper speed is reached, a listening test is made on all
receivers and the generator radio noise is tested by oper-
ating the generator "OFF-ON™ switch. Use care in mak-

Figure 4.32.—Capacitor Used in Relay Junction Box

Figure 4-33—Noise From the
Engine-driven Generotfor

ing this test as the voltage input to the radio receivers
varies with the generator on or off. When the generator
is “off,” the receiver is being operated directly from the
airerafe battery which is 24 volts. When the generator
is “on" the receiver input voltage is 28 volts. The differ-
ence in voltage at the receiver input will cause a variation
in receiver background noise which will be highest when
the generator is on. This must nof be mistaken for
generator radio noise.

In most cases, the radio noise from the generators
will be most apparent in the lower-frequency bands up
to 10 mc. It has also been detected in the 100- to 150-mc
band.

5. ELIMINATION OF RADIO NOISE IN THE
GENERATOR SYSTEM.—The radio noise elimination
in the generator system is generally very easy requiring
only a single CA-275X, 4-mfd capacitor from the gen-
erator positive terminal or B-lead. If this does not
eliminace the radio noise, vse a “brute force™ filter in
place of the CA275X capacitor, placing the filter ia
serics with the positive lead. (See hg. 4-34.)

INE FRTER
BRUTE FOACE TYPE

N | °.a:°'; %
. 7
2O *- T

GENERATOR
£ SwitcH
l V_._.o. KQ
-0
ENGINE DIIVEN
GENERATOR
5
4 MED. 30 . ©, €. CONDERSER +
5.'C S1OCK yIDCAZTS et
USFD ONLY ON
MRTLBIGRNE
rs

3 &

Figure 4-34—Filter Used in Pasltive Lead
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¢. TO CHECK BRUSH SETTING.—Check the brush
setting on gencrazors for excessive sparking. The brush
assembly may have o be either advanced or retarded
to reduce the sparking. Excessive overloading of the
genergtor circuit will also cause sparking and radic
noise, Investigate this candition thoroughty.
If a filter is used on the generator citenit, it may be
necessary to use shielding over the leads berween the
generator and the filter,

6. ROTARY EQUIPMENT, MOTORS, INVERTERS,
DYNAMOTORS, ETC.

a. SOURCES OF NOISE.—The most prolific source
of radio noise other than the airplane ignition system is
the radio noise resuliing from the operation of rotary
equipment supplied with commucators or slip rings. The
sparking resulting from commulation present in nearly
aii direct current motors and generators is 2 cause of
radio noise, the amount of radio noise depending upon
the type of commutation employed, the power handled
during commutation and other mechanical and electrical
characteristics of the rotary equipment. Any accessory
equipment in the airplane which incorporates a motor

- must be suspected as 2 potential source of radic noise.
A partial list of some of these units include:

(1) Landing gear motors

RESTRICTED
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UAISON TRANSMITTER DYNAMOTOR

Figure 4-35—Licison Tronsmitter Dynamotor

Figtire 4-36—RBand Strap on Ratating Equipment

{2) Landing flap motors

{3) Fuel boost pumps

(4) Hydraulic boost pumps

(5) Inter-cooler actuator motors

(6) Oil-cooler motors

{7} Camera motors

(8) Windshield wiper motors

{9) Gan turret mators

{10) Ammunition boost motors

Inverters are similar to both motors and gener-

ators in that they contain both a motor-driving section
and 2 generator output section. Both portions of this
unit are potential souzces of noise and each must be sup-
pressed individuatly,

CAUTION
Caution must be observed in applying filters to
the alternarting current section of the inverter.
Filters used must have little capacity or they
will act as an additional lozd on the ioverter
a-¢ output.

b. METHODS OF SUPPRESSION.—(See fig. 4-33.)
—The technique of noise suppression on motors, o
verters, and dybamotors, consists of the following:

{1) EFFICIENCY.—Keeping the commutation suf-
faces clean and free from scores and pits, brushes well
fitted and free in the brush holders, and the position of
commutation adjusted so that 2 minimum of sparking
results with the motor operated at full load conditions.
The most efficient rotor makes the least radio goise.

(2} ISOLATION.—By keeping all leads, cab}eS,
leadin wites, etc., as far away from any item of rotating
eguipment as possible. Severe cases of noise may b? com-
pletely cured simply by rerouting cables in the vicinity
of the rotating equipment.

{(3) BONDING.—By providing short low im-
pedance bonds at each item of rotating equipment, the
noise may be entirely suppressed. (See fig. 4-36.}
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“igure 4-37—Cleaning Dusf Covers fo
*rovide Good Ground Connections

(4} STIIELDING.—Neutly all items of rotating
cquipment are provided with metal cases having dust
covers. (Sce fig. 4-37.) ‘These covers must be cleaned
of all iuxnl:!{iﬂg finishes where they mate with the maia
portion of the nwchine. (See fig. 4-38). In this manner,
the machine itseif becomes its own shield.

{5) FiILTERS.—If thc above methods do not sup-
press the noise, instalf a suitahle filter on the noisy item.
Mount the filter, if possible, directly on the case of dhe
noisy item. If this is nat passihie due 1o space require-
ments or other considerations, the filter may be inounted
away from the noisy item provided the distance is held
to a minimum and thac the feads between the noisy item
and the filter are well shicided. The voltage rating of
filters applicd (o dynamotors must be adequately high
to reduce the possibility of breakdown and short circuit-
ing. (See fig. 4-39.) When filters arc added (o the
altcrnating current portion of the inverter the design
of the filters must be such that they will not affect in
any way the output of the alternator portion of the
inverter. This means that the capacity and inductance
used in the filter will have to be held ar a2 minimum.
{See fip 4.40)

MNVERTER

. |

:
|
:
‘{meu-n-:, HOLES ON INVERTER ARE COVERED
WITH PINE MESH WIRE SCREEN

L —

Figure 4-38—Shielding Ventilating
Holes on Inverter
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Figure 4-39—Example of Too-Low Yoltuge Reting
on Capocifor Used as Filter

(6} POOR COMMUTATION.— As severe radio
noise in rotating clecezical equipment is generally pro-
duced by poor commutation, tharoughly check the me-
chanical and clectrical conditions of the noisy izem.
Severe radio noise indicates 2 poor commutartion condi-
tion and as the radio noise increases, this indicates that
this condition is becoming progressively worse. There-
fore, severe radio noise which increases from day to day
indicates possible failure of che clectrical item. Paor
commuzation resuits from burnt commutator hars, loose
commutator segments, l0ose brushes, loose bearings, and
generally poor mechanical condition of the motor. There-
fore, thoroughly check the moator befoce applying sup-
pression to insure that the motor is not in such poor con-
dition that it shouid be replaced in order to guard against
inuninent failure. It is generally true that any sudden
increase in radio noisc in clectrical items provides a
warning of 2 failure.

7. AIRCRAFT HEATING SYSTEMS.

a. GENERAL. — All aircraft heaters are potential
sources of poise. The item wusualiy responsibie for noise
is the blower or fan unit motor. Some heaters use spark-
type ignition circuits. All these sources of noise are
easily suppressed by the application of one or more of
the existing suppression techniques.

b. JANITROL HEATERS.

{1) GLOW PLUG IGNITION-TYPE HEATER.
—Surface Combustion Company {Janitsol) Cabin Heat-
ers are manufactured with tvo basic types of ignition.
The glow-plug igaition (ype uses a fow a-¢ voltage and
high current for igniting the vaporized gasoline. {See
fig. 4-41.) This type heater offers no radio noise problems

P R
~O O

INVERTER Al

'-—-O log
24 V. SMALL R, ¥,
FILTER CONDENSER CHOXES ARE
MUST BE XEPT SMaALL PERMISSIBLE
(NOT OYER .) mfD) AT THIS POINT

Figure 4-40—Maximum Capacitance to
be Used as Fiiters
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.Flgure 4-41—Glow Plug-type ignition for Heater

2
L HEATER

FILTER APPUED TO S8LOWER MOTOR

Figure 4-42—Filter Applied o Blower Motor
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. Figure 4-44—Transformer-type lgnition System

except in the blower motor or other associated motors.
(See fig. 4-45.3 The noise caused by this source can
readily be suppressed with noise filters of (he capaci-
tance or “brute force” type. However, the type of heater
employing a spark plug ignition operating with high
voltage for igniting the vaporized gasoline necessitates
major changes in the ignition system, in addition to the
blower filtering for effective radio noisc climination.
(Sce figs. 4-43 and 4-44)

{2} HIGH-VOLTAGE SPARK-PILIIG TYPE
HEATER.—In suppressing the radio notse causcd by the
high-voltage spark-plug type ignition system, both
shielding and fltering must be applied. The only tech-
nical problems that arise are the application of propec
filtering and sufficicnt shiclding o “hotcle-up” the radio
noisc at its source. Ia breaking down the various sources
of radio noisc on the spark plug ignited heater, f¢ will
bo found that the noisc can originate at the following
points (see fig. 4-45):

{«) The high voltage power source.
1, Transformer
2. Spark coil

(%) Primary leads to high voltage sourcc.
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RIMACE TME ON  CONDUCTING
GASKET WITH A CONDUCTNG OR
METALLIZID CASKEY

Figure 4-46—Primary Leads to the
ignition Source

(c} Poor shielding or lack of shieiding over high
teasion fead from power source to spark plug.

(d) Nonconducting gasket or poor-conducting
gasket under combnstion chamber head.

(¢) Unshietded spark plug.

The cotrections of the above radic noise sources
are covered in the following paragraphs in order as
named above. Use of the foop probe witl indicate swhich
of the above troubles are 10 be correceed.

c. ELIMINATION OF HIGH-VOLTAGE
POWER SOURCE OF RADIC NOISE.

{1) TRANSFORMER.—As far as is known, ail
transformers used sith this beater 2re manufaccuced by
General Electric Co. Models 57G713 and 57G715 are
two that were produced in quantity beforc new models
eliminating the radio nojse were produced. The best pos-
sible fix for these two transformers is to replace them
wherever they are vsed. Modet 70G158 repiaces Model
57G713 and Model 70G145 replaces Model 57G715.
When the replacement cannot be obtained, the atterna-
tive method is to shield and fiter the transformer.

{2} SPARK COIL.—Several different ignition sys-
tems have been used utilizing a spark coil for high-
voltage power, (See fig. 4-46.) The best possible fix on
this system is also teplacement. This ignition box should
be replaced with ignition hox No. 53A83 manufactured
by the Surface Combustion Company. The altcrnative is
aiso to shield and filter the present system.

4. PRIMARY LEADS TO HIGH VOLTAGE
SOURCE.—If the radio noise found on the primazy
leads (fig. 446} to the ignition source are caused by
feedback from 2 noisy ignition box ot transformer; K
Wil be necessary to effect the changes descsibed in the
Prcccéing paragraph 7, subparagxaph e{1) and ¢{2)

Figure 4-47—Replacing Nonconducting Gaskets

However, the noise may be found to be caused by an
inverter or other supply to the primary of the ignition.
In ¢his case, filtering wifl have to be done at the source
of the noise.

e. POOR SHIELDING OR LACK OF SHIELDING
OVER HIGH TENSION LEAD FROM IGNITION
POWER SOURCE TO SPARK PLUG.—In either case,
poor or no shielding on the high tension cable, figure
4-46, the correction is the same. Repiace with or install
an effecrive shielding over this lead. It is preferable to
run the shiclding from the power source to the spark
plug proper, doing away with any special adapter be-
tween shiclding and spack plug. Do not leare any part
of the cable unshielded. Commonly used shielding with
only the convoluted tubing and one Iayer of braid does
not have sufficient shielding properties. Use the hest
grade of ignition-type shielding. Also, it is desirable to
use hex. nurs and solid brass ferrules at the ends of
shielding so that a tight connection can be maintained.

{- NONCONDUCTING OR POOR-CONDUCT-
ING GASKET UNDER COMBUSTION HEAD.

{1} If a nonconducting gasket is under the com-
bustion head (fig. 4-47} it should be replaced with a
metailic-covered asbestos gasket. This gasket can be
obtained from Surface Combustion Company, (part No.
52A02}. Both head and combustion chamber mating sur-
faces shouid be clean so that a good metailic contact can
be maintained around the complere circumfereace.

{2) If a metallic-covered gasket is already installed
aad noise is experienced, clean both surfaces as instructed
in the preceding paragraph and also clean the .gasket
with vety light sandpaper or Crocus cloth and reinstatk

». UNSHIELDED SPARK PLUG.—(See fig. 4-96.)—
As mentioned above, shielding should go completey to
spark plugs. Use a shiclded spark plug to effect this and
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Figure 4-48—Turbo Amplifier Units

1o stop noise radiation from the plug itself. The shielded
spark plug is manufactured by Surface Combustion Co.,
pact No. 52A00.

8. AUTOMATIC REGULATING SYSTEMS,

o. GENERAL.—Electrical systems installed on air-
crafr that ace operated automatically must be thoroughly
checked and suppressed even though the time cycle these
units are in, operation may be short. Temperature, pres-
sure, and mixture controls frequently are sources of noise.

5. TURBO AMPLIFIERS.—The turbo amplifier {fig.
4-48) associated with the Minneapolis Hoaneywell Turho
Regulator System can be a source of radio noise which is
caused by direct magnetic coupling between the turbo
amplifier unit and the unshielded audio-amplifier section
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of Radic Set SCR-522. This npisc has a 40D-cycle tone
and is generally only found in installations where the
turho 2mplifiers are mounted adjacent to Radio Set SCR-
522, 1f this type of radic noise is found, the remedy is to
separate Radio Set SCR-522 from the turho amplifiers.

9. ARMAMENT.

All elerctrically-operated items of armament cquipment
are potential sources of noise. Some of the mnst trouble-
some are turrets, intervalometers, gyro stahilizers and
sighting cquipments. 1t has been found thar a single
“brute force” filter connecred in the positive lead of the
turrets reduce radio noise to a low value.

10. PHOTQGRAPHIC.

Aircraft cameras of certain rypes are extremncly noisy.
The greater part of the noise coming from the camera
reloading motor, intervalometer, and the camera com-
partment air-temperature control assemblics. ‘The camera
must be filtered ar the camera with “brute force” flters
placed as close to the camerza wnit as possible. Bypass
capacitors alone are not cffective. En mast cascs, the three
leads coming from the camera must be fltered individu-
ally. The intervalometer must also be filtered with “brute
force™ filters as bypass capacitors alenc are nort cffective.
It may be necessary to use a filter in each lcad of the
intervalometer. The blower motors used in the camera
comparttment temperature-control system will generally
respond 1o bypass capacitor filtering. A CA 275X capaci-
tor is recommended for chis purpose.

11. RADIO AND RADAR EQUIPMENTS,
a, SOURCES OF NOISE.

(1) DETECTING SOURCE OF NOISE IN
RADIQ SETS.—The cngine and other airplane equip-
ment are not the only sources of radio noise. Some of
the radio sets themselves can cause interference in other
radio equipments. Radar equipment is quite often a
source of radio noise. (See figs. 4-49 and 4-50.) Not all
radio noise will make itself known by 2 sound. Some
radio-frequency receivers give no audible output. Among
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Flgure 4.49__Noise Leakage Through Dusf Covers

these are blind landing sets, radio altimeters, and the
feceiver sections of radar equipments. In any case, radio
naise is seill the sound or signal that conveys no intelli-
gence and performs no useful function. In other words,
in the case of radio equipments having no audio output,
the radio noise will affect the visual indication present
an a mecer ur cathode-ray tube screen in an crratic and
unintelligible manner. This'caa cause difficulty in obsery-
ing the desired results ar even make it impossible to

interpret the resules obtained.
The chicf source of radio noise from a radio set

scldom shows up ia that parricular radio but will affect
che operation of other neathy receivers. This is of con-
siderable help in locating the noisy radio for when the
noise is found on one set, all other radios can be turned
off one at a time until the noise stops. This last set turned
off will be the noisy one.

(2) TRANSMITTER DYNAMOTOR. — Some-
times only the transmitter of a radio will cause noise so
that it is well to check the radios with the various other
transmiteers turned on. o many instances, the transmitter
dynamotar of 2 radio set will cause noise in the receiver

of the same set.
Thoroughly check all dynamotors as a source of

radio noise. This includes interphone and receiver dyna-
motors.

(3) OSCILLAT'OR.—Radiation of useless and ua-
w:'mt.ed signals at only one frequency may come from
within a radjo set. This is usually from ascillators inside
the set, which are necessary for proper operation of the
set. Since this type of noise cavers only a single frequeacy
and usually has no change in power, it can be heard only
with the oscillator operating, (See fig. 4-49.)

(4) CHECKING NOISE IN RADAR EQUIP-
ENT,

{a) INVERTERS, MOTORS AND ANTEN-
NAE.—Radar equipment is often a cause of radio noise.
The inverters used wich radar equipment handle large
amounts of current and turn at high speed, both of which
are prime factors in causing radio noise. Radar sets have

lower motors for caoling various internal parts .and
Sometimes have switching motors for automatic switch-
Ing. Some sets have motor-driven antennae. All of these
mOtors are possible naise sources. These motors Are not

always readily visible so thar some investigation of the
set itself, by ralking with other radar personnel familiar

with it, is necessary.

(%) CIRCIJITS.—The most sericus source of
noise in radar equipment is caused by the nature of the
circuirs. 1t has been mentionad before that opening and
closing circuits can cause noise. In radar sets, drcuits ase
electronically opened and closed often with very farge
amounts of power being handled. This noise can be heard
in some of the receivers as a harsh musical tone.

Since radar sets have various methods of opera-
tion, it is well to have an operator operate the set in all
of these methods of aperation when checking noise.

Of the sources of radio noise mentioned zbove,
some can be completely suppressed, some can be partly
suppressed, and some cannat be suppressed at all, In
checking radio sets for noise due to radar equipment,
remember that noise may be heard whea the plane is on
the grouand and yet when in Sight the radio is quiet
Since the radar equipment is normally not operated on
the ground, hearing the noise while on the ground
should not be considered a serious radio noise problem
until it is cerzain that the same noise is present in fight.
Only if the noise is heard ia flight should any steps be
taken to eliminate it

& METHODS OF SUPPRESSION.—The mosc prac-
tical methods of noise suppression for the intecference
between radio and radar sets are listed below:

(1) ISOLATION.—Keep all receivers, leadin wires,
and antennas as far away from noise sources as possible.
(See fig. 4-50.) When there is a radar set on the airplage,
it is vitally important that the antenna leadin wires be
routed far from aay of the units of the radar set and the
cables which run berweea the units. Route the cables of
the radar set in a manner to make this possible. Use the
natural shielding of the plane. That is, run the cables
behind metal parts of the plane, lay them in corners
rather thaa stringing them out across the floor of sides
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Figure 4-50—Spacing Lead-in Wires Away
3 from Nolse Sources
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KEEP THIS of the plane, run them under meral Aoors, etc. In some
LEAD SHORY cases, it will be necessary to relocate eicher the noise

source or the receiver when this is necessary. The equip-

ment must not be relocated so as to make operacion diff-

cult becsuse an operator who becomes tired because of his

strained position is no better off than the comfortable {
]

|

one with noisy equipment,

(2) BONDING AND GROUNDING.—Be sure
that all items of radio and radar equipment shicids an
any of their cables 20d dynamotors, ctc. are well
grounded to the airplane proper. Always use short bonds
of low impedance connected at points cicaned of ail
paint and other matter. (See fig. 4.51.) Mzake ceruain thag
the noise source is well grovnded.

{a} REMOVING PAINT.— The hond stzap
should not be longer than 4 inches betwveen the point
v where it attaches 0 the machine and point where it

‘ attaches to the aizplane, (fig. 4-52) which should be
bright aad clean, completely cleared of paint. Yot any
, equipment mounted on shackmounts, « honding strap
[ Q around the shockmount will be necessary. On some items,

Figure 4-51—Grounding Nolse Seurces

more than one bond may be helpful if the bonds are
attached at different places on the machine.
Some machines ate made up of scveral pieces
h l beld together by screws or other means. Often there will
be paint becween these pieces since the picces are painted
before final assembly. Cleaning this paint from the ma-
chine removes an “insulator” from between the pieces
and makes the grounding mozse effective for eliminating ‘

3

pois¢ by providiog a low impedance 1-f path.

() IMPORTANCE OF GROI/NDING. — Be
= sure that the radic picking up the noise is also well
grouaded. This prevents the case of the tadio from pick-
ing up the noise and then the only way for noise to get
; into the set is theough the antenna. (See fig. 4-53.)

Y — When radar cables are inadequately shielded
Figure 4-52—Bonding Eiectrical Equipment conduit, be sure that the conduit is grounded at as many
points as possible. A grounding clamp every 18 inches
is a good rule.

Be sure that ali coupling rings and coupling
nuts ate clean and tight. This grounds both ends of the
conduit and also prevents the noise from lesking out
through the cracks.

Ground all units of the radar set. This is fairly
easy to do on the units which are rigidly mounted i
the airplane. Use fow-impedance bond straps of less than
4 inches in length and be cerrain that the points of con-
tact are clean of all paint.

{¢}) GROUNDING MOVABLE UNITS.

1. On the movable units found on sore radat
sets, it is more difficult to get a good ground. This is
true particulacly of units which make up the “turtet.”
These units are otdinatily mounted in the ball rarret
hole, ot a hoie cut in the plane if there was no ball turret,
ported by some sort of retracting device hung

op of the airgl‘ane. Common practice is 0 ,
0 bo.a:d on the retraczing device and set the

T RADI SaT-
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fada uaits o0 the board. This makes it very difficult to
812 pood ground.

: 2. If the tetracting device is used as a ground
1>r‘:1 ‘:s:'i':;‘lg band steaps to it from the radar, it is nearly
i tFI‘n: bo Edm £et a band stzap of less chan 4 inches. Even
g rmmn ds arc Ic.ss thin 4.|nchr_‘s, the long structures 91’
e 'I'l:“ng deviee look tike lang bond straps ta radio

e erefore, some extraordinary treacment must be
iven ta che problem.

1 If the seructure of che airplane could be built
”g,h‘ cross the sucface of this board on which the radar
units are mounted, chere would be little trouble in
grouading. Since this is impossible when the board moves
up and down, personnel muse try to build 2 device which
looks like the airplanc itself to radio noise.

3. Use meeal serips about 215 to 3 inches wide
on the board, installed in such a maaaer that the shack-
mouats of the units will rest on them. Use these strips as
the groundl and run short bond straps to them. Both ends
of these meral serips should connect to the retracting
device. This may mean cutting an odd-shaped strip or
heading straight onc. Because of the large amount of
surface present on these strips, compared to cheir length,
it will appear to be a part of che airplane itself to radio
noise.

{ The problem of long bond straps is solved.
Buc the long, slender structures of the retracting device
still look like long bond straps to radio aonise. Fortu-
aately, mecal guide rails are usually attached zround che
inner edge of the turret hole to keep the whole assemb‘ly
fram swaying. By placing steel springs on the board in
such a position that they will rub with considerable force
on the guide rails and cunning the metal serips previously
mentioned over to these springs, a goad ground at the
lower end of the retracting device can be made. The
whole assembly, radar units and retracting device, should
aot be at grouad potential and therefore cannoc give off
radio noise.

5. On some airplanes, the turret will not be
movable. Here, the problem of the retracting device is
not present and the metal strips placed on the board can
be run clear over 1o the airplane itself.

In maay cases where mast Antenna AN-104 is
mounted in such 2 manner that the mast ground terminal
and ground strap is outside the aircraft skin, it has been
found extremely helpful o place a ground strap inside
(!‘c atrcraft skin hetween the antenna coaxial transtnis-
sion cable (as close to the base of the antenna as possible)
and the skin of the airplane. This drains off all the radio
noise energy picked up by the antenna cable, thus pre-
venang it from reaching the antenna mast. (See fig.
4-54,)

6. Often one brush of a motor ot generator will
be connected directly to the negative lead but not con-
nected directly to the frame. In such cases, ground this
brush directly to the frame. However, before any ch?nggs
are made, check a diagram to make certain of the arcuit
90 which you are working, as the resistance 11 some of
tese machines is so low that an accurate interpretation

€annot be made with an ochmmetet.

Secrton .,
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Figure 4-54—Ground Strap for Antennuc

(3) SHIELDING.

{«) Quite an amount of noise is often radiated
from the unit itself even when it is well grounded. This
noise may come out of the ventilating holes on the unit.
Keep all antenna leadin wires away from this area 1o
prevent them from picking up noise coming aut of these
ventilating holes,

(4) Naturally, it is impossible to seal up the
ventilating holes with a sheet of metal; however, it is
possible to seal up these holes electrically without hinder-
ing the ventilation. This can be done by covering the

openings with cadmium-plated or tinned-copper screen

which has 2 mesh size about the same as window screen.
This screen should be attached firmly all the way around
the edges and the surface to which it is attached should
be bright and clean, cleared of all paint.

FINE MESH
WIRE SCREEN | RADAR SET BOX; [~LOUVRES
P | '

BOND

BOND

Figure 4-55—Placing Screen Over
Yentiloting Holes
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IMFROVID TYPE RADSO
SMLDeeG CONDUSY
OVIR ALL CAMLS

Figure 4-56—Impraoved Shielding fo be
Used on All Cables

Note
Use care in performing this task so that the
ventilation of the internal pacts of the set is
. not reduced to where overheating may occur.
{See fip. 4-55.)

{z) SHIELDING OF RADAR CABLING.
1. If the radar cabling is not in shielded con-
duit, it is very often advisable to place it in such conduit.
Ordinary braid is not very good for chis purpose. Shield-
ing conduit of improved design should be used. Make
cerrain that the conduit fits tightly to the plugs or junc-
v tion boxes ar the noise will leak out. (See fig. 4-56.)

2. Larger and more powerful radar sets are
sometimes very difficulr to shield. These sets handle [arge
amounts of power with quick starting and stopping of
p very great amounts of current at extremely high voltages.
This power is so great thac it will radiate noise right
through ordinary braid shield placed over cables. The
power present is often greater than in an ignition system
 ofthe airplane engine. All this adds up to a very compli-
‘lud prablem as far as radio noise is cancerned, but with

e care, 1adio noise can be handled in a very satis-
y in almost all installations.

b
&
-

-
- 3. Cracks where parcs of a unit fit together that
i leak out can be sealed by use of a conduct-
braid or wire mesh, (See fig. 4-57.)

LWIRE cRAID
GASKET

Figure 4-57—Use of Wire Broid Gasket

CAUTION
Care must be taken where a pressure seal is to
be maintained at the joint. The construction of
some sets is such that a gasket of conducting
material cannot be placed in the joint without
removing the pressure gasket cntirely. This, of
course, cannot be done. Therefare, the only
thing to do is make certain that the antenna
and leadin wires do not pass close to the vnit.

Some joints or cracks on the units where no pressure
seal is maintained canpot have a gasket placed in them
due to physical construction. Here, the best practice
is to clean che contact surfaces of all paint and other
insulating matcrial and force the two pieces together as
tightly as possible. (Sce fig. 4-28.)

(4) FILTERS.

(2) INSTALLATION OF FILTERS.—Because
of their size and weight, it is best to rry all other means
of noise suppression before trying filters. If no other
method will eliminate the noise, install filters in the
leads found to be noisy when checked with a noise
probe. Filters should be installed as close to the machine
as possible, being sure that the ground connections are
short and arc securely fastened to a ground object.

RADAR CONTADGEE

CLEAN PANT AT PORCS
WHESE COviR s

Figure 4-58—Cleaning Paint from Cover Surface
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Section 1Y
Paragraphs 11b{4}{h}-11b{4)(b)7

Figure 4-59--Paper Copacitor for Filtering Nolse
on Low-Frequency Bands

(6) USE OF PAPER AND MICA CAPACI-
TORS.

!, A large paper capacitor is satisfactory for
noise on the low-frequency bands, (fig. 4-59) up to 20 mc
while on the higher frequencies above 20 me a mica ca-
pacitor must he used. 1f the noise is over a wide range of
frequencies, use both a paper and a mica capacitor. The
paper capacicor shouid be a type CA-275X. The mica may
be any approved mica capacitor. (See fig. 4-G1.)

2. If radio noisc comes off some of the external
wiring bypass capacitor added to the wires suspected of
carrying radio noise energy may help. Use bypass capaci-
tor on noisy lcads. 1f bypass capactitors do not help, use
fileers. Always install capacitors and filters very close to
che noisy unit, using extremely short leads.

3. Because of the very great number of wires
caming from radar unics, it is ordinarily impractical to
ery to filter cach one. A bypass capacitor from each lead
to ground may help but, because of the large amount of
powecr present, this may aot da the job. Always be careful
that no large capactsors are placed across a-c leads or
from a-c lead to ground.

4. In installations shere the cabling is run in
shielded conduit, some of the noise may come from the
leads which feed 28 volts to the radar set or its inverter.
Since this lead eventually comes out of conduit and runs
as open wire, a flter in the lead very close to the point
where it leaves the conduit may help. A bypass capacitor
at this point is ordinarily not effective but should be
tried.

Figure 4-40—Paper and Mica Capacitors
tor Wide Range Filtering
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Figure 4-61—Bond Between Dynomotor
ond Receiver

5. On motors, inverters, and dynamotors, if a
good ground on the machine does not eliminate the noise,
try bypassing internally on the brushes. It may be that a
bypass capacitor berween the +=24-vole lead and ground
very close to the machine will help. The leads to the
capacitor from the machine and from the capacitor to
ground should be very short.

6. On dynamotors, some of the noise may be
coming from the high-voltage leads, in which case it will
be necessary to try bypassing these leads, Be sure that the
voltage rating on the <apacitor is high enough to with-
stand the output of the dynamotor.

7. Do not place large capacitors or flters across
the output of inverters as this will upset the power factor
of the machine and possibly cause overloading. Small
mica capacitors and 1-f choke coils are permissible but
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Figure 4.62—8onding IFF Control Box

ordinarily the output of an inverter is not 2 source of
noise even though noise may show up on these leads. It
generally originates at some other source. Using a shield
on the feads may help. Try ali other methods of noise
eliminadon before attempting to work on the a-c leads,

8. 1f thesc steps do not remedy the trouble, try
3 bypass capacitor across the brushes of the machine or
from each brush to the frame, or both. On some ma-
chines, one brush is grounded so that a capacitor from
the other brush to the frame is alf that is necessary.

¢«. DYNAMOTORS, INVERTERS, ETC.

(1) All dynamortors, inverters, etc. shouid be “tva
in” for 2 short period of time to be sure that the brushes
are seating properly on the commutator and slip riogs.
Be cerizia that the commurator and slip rings ace <lean
and not pirted. Proper methods for cleaning commutator
and siip rings and for insuring the proper seating of the
brushes wili be found in the instruction book for the
particular machine in question. It is necessary that
brushes seat properly and that commutators and slip
rings are clean and free from pitting if the machine is
to be quiet.

(2} The dynamotor unit associzied with Radio
Receiver SCR-274 units has been been found 10 be a pro-
{ific source of radio noise. The main reason for this is
the poor radio-frequency ground connection between the
dynamotor unit and the receiver unit which is fargely
responsibie for this excessive radio noise. If trouble of
this pature is encouatered, it may be readily cured by
the instailation of 2 bond between the dynamotor and
the receiver as shown in Sgure 4-G1.

d. IFF SETS.—IFF sets in some airpianes cause radio
noise. This may be harsh noise like that from dynamotors,
clicks like those from switches, o¢ intermittent squeals.
The Brst two types are cavsed by noise which is mostly
inside the airplane. It normally comes from the case of

>

Figure 4.63—Bonding !FF Unit

the 1FF set or the cables to it or both. Make sure that all
units of the IEF set arc well grounded with a short Jow
tesistance bond. {See figs. 4-62 and 4-63.)

CAUTION
Extreme care should be taken to keep abt an-
tenna leadin wires away from all other wiring.
Power witing and contro! circuit wiring is al-
muost always noisy. Do nor invite rtrousble by
having receiver leadins close to these ooise
sources.

It may be necessary to move the conteol boxes to get
these noisy pacts far cnough away fram receiver feadin
wizes or other radio sets, but remember to kecp the con-
trols where the operator can stll operate them casily.
A bypass capacitor from the positive lead may help. By-
pass as close to the IFF as possible with a vety short lead
{under 4 inches). A Blter in this lead wiil also help but
try bypassing Brst. Make the ncgative lead as short as
possible.

Intermictent squeals come from radiation from the
IFF antenna and are picked up by the antenna of the
radio where the squeal is heard. This may be helped by
a “'quarter wave leagth wave trap.” This is construcced
by cut and tried methods as follows:

(1) Obtain either a piece of parallel rwo-conductox
iamp cord or 2 piece of single-conductor coaxial about

BOSVER ATCTIO
BY WY O

LA CORD STaRT
WITH 135" UG

\’{c;g'_‘s‘e.i\
5

out Qe »

1' s ha

RO e '

Figure 4-64—Determining Length of Wove Trep
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15 inches Jonp. On one ¢nd skin each conductor far
enough so oae can be inserted into the “"ANT” connec-
tion and che other into the ground conncction of the
racio picking up che aoise. {When vsing coaxial cable
always cannect the outer conductor to ground.} It will
be necessacy to solder a very shoet picce of wire o the
outer conductar of coaxeal cable o do this.

'(2) Connect chis length of cord or cable to the
receiver as mentioned above,

(3) Turp on the radio and the 1FF to get the noise.
Tune the ridio for the maximum noise. 1t may be ncces-
sary (o huve the operaior in charge of IFF mainwenance
use his rest sct to “teigger” the IFF in order to hear che
noise shen the aitplanc is on the ground,

{4) Wih a paic of diagonal cutrers start cugting
off picces from ihe “wave trap™ ar the end not con-
aected to che radio set. Cat off picces of abour 14 inch
ata dme. {See fig. 4-64.) As the lengih of the “wave
trap” becomes less, the noise will decrcase. With the
length somewhere between 7 and 10 inches, the noise
will be feast noticeabie. 1f any more is cuz ofl, the noise
will stacc (0 increase again, Whea the point of least
noise has been found, use the length of “wave trap”
with which least noise was heard as the means of elim-
inating the intermittent squeal. The propec leageh will
he different for diffceent types of cord or cable.

12. PRECIPITATION STATIC.

¢ INTRODUCTION.—The preceding chapiess have
dealt with radio interference genecated primarily by elec-
trical equipment, namely generators, motors, ignition
systems, and radio and radar equipments installed in the
airplane.  Precipitation static interference resulis from
none of these. it js the resubt of the intcraction of the
aieplane and cerrain kinds of weather,

5. PRECIPITATION STATIC DEFINED.—Three
kinds of radic interference are sometimes looscly
grouped under the heading precipitation static. They
may be encountered sepaeately of in any combination.

(1) CHARGING STATIC—In flight through an
atmosphere flled with snow, ice crystals, dust, or othes
solid particles, the airplane accomulaces zn electric
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Flgure 4-65— Airplane Becoming Changed
by Precipitation
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Figure 4-86—Airplane Passing through an
infense Efectric Field

charge, resulting from the friction or impact between
the plune and the parcricles. The aicplane is generally
charged negatively, shile the pacticles are charged posi-
tively {just as a comb passing through the hair becomes
charged). (See fig. 4.65.) When charge is accumulated
on the airplane at a rare exceeding 5 microamperes, the
potential of the airplane builds up rapidly (because of its
low capacity) to high potcntiais {250,000 ro 1,000,000
volts) with the result that the exteemities of the airplane,
the antenna, the wing tips, the propeller tips, and the
cmpennage go into corona. It is this corona discharge
which generates precipitation static interference, heard
in the headser a5 anythsag from a light “hash” or a secies
of pipping noises to a xushing howling tacker that teazs
the cars off. The more charge accumulated by the air-
plane, the greater the corona discharge and the worse the
racket,

{2) EXTERNAL FIELD STATIC. {See figure 4-
66.3—When the airplane flies through regions of high
electric-fiedd intensity—as in the vicinicy of thundex-
starms, or other electeically-active clouds (sometimes this
electrical activity can be obsexved on perfectly <lear days)
conduction cuzrents pass through the airplane. Gne part
of the sicplane is positive, the opposite part megative.
The curcents involved sange from miczoamperes and can
get as large as thousands of amperes—if the airplane is
steuck by lightning. The net result of external fields is
the samse as in snow ot dust static, and the same kind of
racket is heard in the headsets, While atmospherics are
generated some distance away from the aicplane, precipi-
tation static of the cximal field type is penerazed by
corona discharge from the airplane itself.

{3} ATMOSPHERICS.—Often in the summertime,
or whenaver there is thunderstorm or lightaing activity

RESTRICTED 4-27




Section {V
Paragraphs 12b(3)-12¢(1)(b}}

Figure 4-67—Position of Radio Compass Confrol
Box and Azimuth Dial During Stafic

somewhere in the vicinity, the radic pops and crackles.
Radio waves are gencrated by electricat discharges in the
atmosphere, often at considerabse distance from the ajr-
plane, and are received by the radio much as any other
signal is received.

¢. REMEDIES FOR STATIC.
{1} IN FLIGHT.
(a) In flight there is very {ittle that can be dope

STADIC QSCMASGER AN/ASA-3

ENLARGED SKCTION  A—A

4-68—Static Dischorger AN/ASA-3
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INSULATID METAL FRAME AND THERMOMETES
[INDICATED BY ARROWS) ‘
ON THE NOSE OF A .17 ARPLANI |

Fiqure 4-69—Insuiated Mefal Frame and Thermom-
eter on the Nose of o 8-17 Airplone

except “grin and bear it Some receivers are less sus-
ceptible to precipitation static interference than others.
Atmospherics are much less serious on the VHF than in
the lower-frequency range. Radio Set SCR-522, equipped
with 2 noise fimiter, is one of the most effective weapons
for combating static in flighs. If interference is encoun-
tered on lower-frequency receivers, switch to the VHF
svhenever possible, 1t svill be found cffective for commun-
ication in snow static 2nd ie all bur the most severe exter-
nal field staric. Precipication static caused by snow can
generally be overcome by use of the compass in the foop
position with the loop rorated to the anti-static position,
which means 90 degrees on the dial. The pilot can ride
the ranpe this way, but remember that the signai will
fade and increase as turas are made because the foop nuil
will be pointed away and toward the station when turn-
ning. Using the loop in this manner is the best method
of combating uny stutic. {Sce fig. 4-67.)

() Sometimes a brief message can be received
—in snow or dust static—by grounding, then recling
out about 80 feer of trailing wire antenna. This helps
the planc get rid of excess static efectricity. In the in-
terval between the discharge and charging up again, the
operator may be able to pick up a signal.

Note
Do not attempt 1o do this if there is any chance
of a thunderstorm nearby for the wire may
cavse a strike.

Other things that may be effective in snow static arc:

I. SLOW SPEED.—The rate of charge accu-
mulation increases with the third power of the spccd_ of
the airplane. Slowing down may reducc this charging
sufficiently to improve reception, 3
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Figure 4-70—Section of Marker Beacon Antenne
Guide Wire [nsulafed from the Airpiane by Two
Strain Insulators

2, CHANGT ALTITUDE—This may bring
the plane out to the snow, ice ceystal, oc dosc.

(¢} 1 any aof (hese suggesuons do not help ac
one time, the nexc time static is encoontered v them
again. Depending on the gype aod intemity of e «is-
turbance, they nury ot help once and may hl.‘Tp another
tme. When precipitation static is eacountered be sare
that the ¢ourse und deift ase known. The aperatar may
tose all rudio and be fasced 1o dead ceckon for Jong
periods.

(2) ON THE GROUND,

() Most of the defense thos for evolved aguinse
static is passive defense. Wheo it works. the operacor
docso’t kuow because cadio teecprion s satisfaceory.
The only time that is kpown where precipitatson stalic
has been encouncered is whea ehis defense is pot satis-
faccory cpough. The precaotioos votlined below cao be
taken only on the ground. They will reduce the ingi-
dence of precipitacion static hy raising the chreshold of
weather condlitions sofficientdly severe (o cause inter-
ference.

1. lastall Seacic Dischatger AN/ASA-3. (Sce
Hig. 4-68.) Ten of these are required for o twvin il
airceaft like the B-24 or B.25. Twelve are required fora
single-tail aiccsafr. Once chese are on the aicplane, main-
win chem properly, as described in Handbook of Mainte
nance lustruciions for Siatic Distharger AN/ASA-3,
T.0. No. 08-30ASA3.2.

2. lostall a noise limiter on Radio See SCR-522.

3, Install static leak resistoes in the radio re-
ceivers indicaced in T.Q. No. 08-40-2, “Reduction of
Precipitation Static—SCR-183 Serics, SCR-283 Scries,
SCR-274-N, BC.348.}, BC-348-N, and BC-348-Q."

4. Ground all insulated metal objects longer
thar 3 inches in their greatese dimension on the surface
of the airplane. Meta) objects mounted on the plexiglas
nose {free air chermometer, or metal framework) (fig.

Figure 4.71—Antennc Guy Wire ond Tension Unjf

4.69) scciions Of antenna wire between o strain ia-
selatoss. (fig. 4-70) or beoweeo aa insulating mast and
steain insniators, {fig. 4-71) which are aot grovnded w0
the aieplane through associneed radio equipment, xcguire
potencials differeac from those of the airplane proper
aod spack over (o the steuceare of the plane, gencracing
severe eadio interfercace. These must be bonded by
mcams of metailic bondiog braid,

Note
Che foregoing pracedares will alleviate buu wiil
not coticcly climvinete noise caused by elecicicat
discharpes fram fixed wire antenna, Efforts are
currently being wade to provide cotona eesist-
ant antenna wite and corona shiclds for insula-
tors 1o present corora discharge at this source.
Fosthee vseful informatan may he obtained in
Air Forees Mannal No. 40 “Precipitation Static
published by Teaining Aids Division, Office of
the Assistant Chicfrof Air Staff, Training, 11Q,
AALE, ) Park Ave., New York 16, New York.

13. LIST CF ARMY AIR FORCES MANUALS.

Some of the principles ourlined in Asr Forces Maoual
No. 46 arc aircady being used by the Army Aic Forces
and ace covered in che following wchaical orders,

T.0. No. {6-40-2- -Reduction of Precipitation Static,
SCR-183 Series, SCR-283 Series, SCR-274N, BC-348.f,
BC-348-N, and BC-318-0.

T.0. No. 08-40BC624-21—Modification of Radia
Receiver for Suppression of Noise BC-624-A and BC.
624-T2.

T.0. No. 01-1-179—General—Reduction of Precipi-
tation Static Effects on Radio Compasses.

T.0. No. 01-1.229—General—1nstallation of Static
'Dis:barg-‘.’rs AN/ ASA-3—Bombardment and Transport
Aircraft.

T.0. No. AN 08-38ASA3-2.—Haudbook of Mainte-
nance bustructions for Static Discharger AN /ASA-3.
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