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ABSTRACT

This report presents physical and functional descriptions and
acoustical evaluation of various domestic and foreign silenceres and
silenced small Armg weapons, Included aze cross-sectional draw-
ings and external view photographs nf all systems tested. An acousti-
cal avaluation of each eystem is given in the form of far field sound
pressure-time records. All major constituents of sound signatures
are identified and time-correlated with their sources in the system,
Additionally, the report presents a record of silencing principles
and a theoretical analysis of the various noise generating phenom-
enon,
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INTRODUCTION

Throughout the history of firearms, gun noise has been of con-
siderabie concern to the military, Prior to firing, anti:ipation of the
ear shattering affects tends to make the gunner flinch, resulting in
a consequent deterioration of his aim. After firing, the gunner is
usually in a state of temporary deainess, To the eneray, gun noise
reveals presence and, often, the location of the firer, thus inviting
defensive or offensive reaction, From the above alone it becomes
evident that a "'silent' weapon i8 to be 10und indispenable in covert
operations,

Cf the various noises associated with firi: 1 & cunventional
small arms weapon, the moet significant is the muzzle diast caused
by escape of prepellent gases after the projectile exits from the
barrei. Hurdreds of patents, ‘~#ar and police records, and other
literature are witness to the efforts, for nearly a century, to elimi-
aate small arms muzzle blast, Notwithstanding timme, effort, and
interest, no completely satisfactory silenced weapon has yet been
produced.

The lack of theoretical iiterature on silencing a firearm testifies
to the stil! inadequite understanding of the principles of sound gener-
ation and a'tenuation in 2 small arms weapon, Perhape the failure to
theoretically define noise problems can be attributed to the virtual non-
existence of thorough and reliable experimenial gound data from
existing silenced and unsilenced weapons, This lack of experimental
data is partially due to only vecent development of adequate sound
measuring equ.ipmcntw* and partially due to the complexity of the
problem,

This report is intended to give an insight intc the present siate
of knowledge of silencing a small arms weapon. Essentially, the
contents consist of physical, functional, and acoustical data on an
array of silenc:d weapons fcit to be representat’ re, The gound eval.
uktion presented here is cursory, primarily because of the complexity
of the protlem. First, the gun muzzle noise is only one** of the many
possible noises heing generated by euch given system, Second, the
sound of interest is directional and attenuates nonlinearly with distance,

*See Bibliography.
.h
See, for example Appandices A and B
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Third, terrain and weather have a paramount effect on the noise being
perceived in the far field. Fourth, the physiolagical respoase of a
listener to a given sound is very strongly dependent on the background
noise and on his current psychologice! state. Many cf tha above
probiems are too involved; others sre beyond the scope of present

theoretical knowledge, The rcsalts presented hereln are only those felt
to be essential and experimentally reproducible,

All sound measurernents presented were taken in the far fieid
and directiy to the side ol the weapon. Thispermitted application of
the linearized acoustic theory and prerented an undistorted sequence
of acousticzl events. The sound signature of each weapon cescribed
was recosded in pressure«time coordinates sufficiently exparded to
show each major congtituent of the muzzle noise, Identification of
each major sound source was accomplished through time-correlation
of the sound ecope trace with the various weapon functions occurring
during the firing cycle,

A bibligoraphy of books, reports, and patents pertinent to si-
lencing a weapon is included for refereace, Works pertaining ivnore
to basic eciences were included only when specific reference was made
to such works in preparation ofthis report. A few of the fragmentary
theoretical efforts, directly pertinent to silencing a weapon, are pre-
sented 2% appendices, :

SILENCER PRINCIPLES

Muzzle ncise of small arms weapons, silenced or unsilenced,
occurs due to the following:

1. Air or propellent gas discharge preceding the projectile
exit. This consists primarily of the precursor wave ptenomenon
and the propellent gas blow-by (and, of course, :eflections of these
two ingide the system).

2, Projectile emergence and absupt volumetric displacement
of the air mass by the projectile at the weapon muzzle. This eifect,
although insignificant in unsilenced weapons, requires attenticu in
silenced systems,
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3. Air or propellent gas discharge (or inflow) following pro-
Jectile exit. This consiste essentially ol the initial uncorking of
internal system pressure, the subsequent discharging jet turbulence,
and the sifects due to reflections of these inside the system,

The three noise sources are relatively independent of each other and,
consequently, require different techniques for their attenuation. Thus,
when designing or evaluating a silenced weapon it i# usually necessary
to treat each noise source individually.

A projectile traveling ia a gun barrel accelerates and compresses
the air immediately akead of it. The precursor pressure wave thus
generated is substantial in most weapons, even the ones with subsonic
projectile velocities, Prior to exit froin the gun barrel, the precursor
wave front generally consists of a shock which reaches a pressure of
several atmospheres., Upon exit from the gur barrel, the precursor
wave gives ~ige to a positive sound pulse in the far field, The sound
pulse is generaily of a sawtooth configuration, beginning with a shock
and ending with an exponential pressure decay with time, In some ai-
lenced weapons this precursor sound pulse constitutes the dominant
ncise source,

hi2 abrupt exit of the projectilc itseif generates a substantial
noise in some silenced weapons. This is especially common in weap-
ons whose silencer exits are partially or completely restricted by
flexible materials, such as sponge, rubber, felt, etc. In these cases
the exterior surfaces of deforming flexible material and the moving
projectile generate sound, To a certain extent the same phenomenon
also exists when the projectile emerges through a hole in a baffle,
These effects can be expected to cccur even when the projectile is
neither followed nor preceded by high gas or 2ir pressures. The
sound signature in the far field ue to abrupt projectile emergence
from the muzzle consisis usuallyofan N-wave pulse. The magnitude
of this pulse depends primarily on the projectile velocity, diameter,
and length, and on the silencer muzzle configuration, ¥

In an unsilenced subsecnic weapon, the hot propellent gases dis-
charging into the atmosphere zfter the projectile exit constitute the
dominant source of muzzle noise, The initial sound pulse is generally

similar in shape to the precursor pulse described above, but substantially

*This pheromenon is not to be confused with designations on scope
traces where "Projectile Exit' is meant to represent the general
time of an event,




greater in magnitude. In many unsilenced weapons this muzzle

blast exceeds the limits of the firer's auditory safety and can be of
sufficient magnitude to stun him,. In silenced weapons, the major
porticn of the propellent gas generally escapes into the atmosphere
after the projectile exists from the silencer., However, by this time
the gases have expanded to the total volume of the system and the

gas pressure behind the exiting projectile is low with a correspondingly
low resulting sound pulse pressure., The sound pulse is again similar
in shape to the precursor pulse; however, it may be further modified b -
wave reflections within the silencer.

Blow-by is thc leakage of propellent gases past the projectile
while it is still inside the weapon., This condition occurs due to any
significant clearance between the projectile and the gun barrel or
silencer. Since the accuracy of the weapon i3 generally impaired if
the projectile touches any hard surface after leaving the gun barrel,
most silence 3 are designed with an adequate projectile clearance.

Yn some silence==% this clearance is so large that a good portion of the
propellent gas escajpes prior to projectile exit, and blow-by represcn:s
a significant souna source in the systern, The blow-by sound puise i
generally a positive shock, followed by an exponential pressure decay.
In come cases, when the projectile velocity is high, the blow-by can
arrive at the silencer exit at almost the sgame time as the projectile.
In this case the blow=by 80'and pulse will merge with, rather than pre-
cede, the main gas discharge sound pulse,

Theoretically, a gas or air jet discharging into the atmosphere
at a steady rate should not generate any significant noise, However,
due to turbulence?o vorticity, and reverberation wathun the jet orifice,
some flow fluctuation usually does occur. In some cases, this flow fluc-
tuation is a significant source of noise (jet planes, turbines, etc,, are
examples). In silencers, jet noise is generally substantially lower
than precursor, blow-by, or blast noise, However, in some silencers
the jet noise becomes predominant, This is especially the case when
precursor, blow-by, and blast effects are substantially attenuated,
as in the Maxin and Sten gun silencers. The jet noise can also become
significant when the silencer baffle spacing is sucl. that the baffled
chamber resonance corresponds to the natural frequency of the dis-
charging jet. In such cases both the amplitude and the dominant {re-
quency of the jot noise can be substantially altered by changing the
baffle spacing within the silencer,
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Presently the exact relationship between a sound signature and

the corresponding effects occuring in a silunced weapon i- only viguely

defined, It is known, however, that generally the magnicude and
duration of zny given sould pulse are primarily dependr:nt on the
area through which a quantity of propellent gas or air ig discharged
to the atmosphere and on how this diccharge varies with time, *

In most silenced weapons the gas discharge arca of interest is
the silencer muzzle opening. However, to predict the gas discharge
from the muzzle prior to projectile exit, considerarion must also
be given to blow-by clearances, volume, and internal configuration
of the silencer. The gas discharge rate of a pressurized chamber or
tube is deterrnined by both the discharge area and the stagnation
pressure of the gas. 2 The stagnation pressure varies inversely with
the volume containing the gas, Thus, the silencer volume becomes
a prirnary factor in deterinining the gas discharpe rate immediately
following projectile exit, Amny significant change in the silencer vol-
ume results in a corresponding change of the projectile exit sound
pulse magnitude. In the case of system blow-by, the sound
pulse is more dependent on the blow-by clearances, although often
other facters also become significant. With the precursor wave,
much lower pressures are encountered, and the morc dominant role
is played by silencer length, **

The propellent gas pressure can also be reduced by heat ab-
sorption. One method of effecting substantial heat absorption in the
silencer is to increase the contact surface between the hot propellent
gas and the heat absorbent silencer material. The heat conduction
is maximized by using materials with high hea: conductivity (=.g.,
copper is good} and by exposing the gas to the heat absorbent mate-~
rial early in the expansion process when the temperature differential
is greatest, A good example of the heat abeorbing technique is
found in silencers utilizing steel wools and wire screening, In most
cases, however, the heat absorotion is limited by the short ballistic
cycle times encountered in smali arme weapons,

Another method of effecting lzaxrge heat losses in the silencer is
to introduce a foreiyn substance, preferably a highly volatile solid
or liquid, into the propellent gas just prior to projectile exii from the

*Appendix C
**Appendix D
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» silencer. The substznce evaporates by absorbing heat from the

/ propeilent gas thus reducing the internal pressure, The

. presumably successful application of this technique is to soak the

5' ‘ silencer wire screening in oil. Water is also usable, but may pres- .
A M ent corrosion problems. The general principle, although not thoronghly

(1 ‘ investigated in the past, seems to have good possibilities,

From the foregoing it becornes evident that the sourd signatures
of most conventional silenced weapons are primarily determined by
the silencer length, volume, blow-by clearance, and heat absorbing
capability. Since in mostsilencersthe heat losses are small, the
usual silencer components (such as baffles, ''devious passages,"
etc.) have their main significance only in altering or reducing blow-by,

Several exceptional silencing techniques¥* deserving mention
may now be added to the above described principles. H,P, Maxim,
in the early 1900's, patented and manufactured a relatively successful
silencer with specially furmed baffles, These baffles channeled the
expanding prcpellent gases into a peripheral motion within the silencer,
The gencrated vortex reduced the pressure ai the center, thus reducing
the propellent gas discharge rate from the silencer. Although to date
the principie lacks conclusive theoretical and experimental verification,
super{icially it seems sound, Except for the vortical gas motion, the
Maxim silencer performed according to the principles previously
described.
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Juring World War II, Germany deveioped several expsrimental
silencers. Orne interesting version incorporated conical baffles, equally
space:l along the silencer and inclined rearward, Although this tech-
nique would not be expected to reduce the initial propellent gas dis-~ 3
chirge rate after projectile exit, it docs have a natural tendency to
reduce the precursor and the blow-by. This reduction can be attributed
to the efficient inward reflection of all outgoing pressure waves within
the silencer.

! Some of the above German World War Il silencers incorporated

: ' a flexible (sponge, rubber, etc,) disk at the silencer exit (patented

1936 in Germany). The disk cicses off the internal silencer cavity un-
less forced open by the exiting »rojectile. In this way the propellent gas
is retained within the system until it slowly seeps out, The rigidity of 1
1 : the disk ideally would be such rhat the precursor, blow-by, and ex- .
panding blast pressures would not deform it and yet tlic proiectile could h
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force its way through., A variation of the technique is to distribute
a series of these flexible disrks throughout the length of the silencer,
This design was utilized in some versions of British World War il
Sten guns and Welrod pistols.

Most silencers discharge the propellen’ gas solely through the
silencer opening, A variation of this, not often encountered, is
discharging pressurized gas through the periphery of the gun barrel
or silencer. Although the technique zs described in some silencer
patents was probably unsuccessful, with proper gas discharge dis-
tribution and timing this silencer type could prove very effective
acoustically,

A few of the early silenced weapon patents described mechanical
means for restricting the rapid propellent gas discharge after pro-
jectile exit from the weapon, One of these prescribed the use of a
metal gate to cloge the gun barrel immediately after projectile pas-
sage, The gate in this case was to be driven directly by the propelient
gas following the projectile. Other patents described the same
principle, but added a side-branch, gas-driven piston to activate the
gate, Anocther patent described a wezpon in which the projectile was
driven by a piston of slightly larger diameter. The piston was to be
stopped at the chocked barrel muzzle while the rrojectile would pro-
ceed to exit, In this way the piston would trap the propellent gas inside
the gun barrel. The patent did not prescribe 21: expedient method fer
extracting the piston from the barrel, Still another patent described
au expansion chamber at the barrel muzzle which would allow expansion
and eventual trapping of an expandable piston driving the projectile.
The propellent gas was to be trapped tehind the piston and gradually
released through small openings in the chamber, Although all of the
above techniques seem sound, more often than not they are plagued
by insurmountable design problems. Even if the above systems could
be made operable, as described they would not be expected to efiect
any exceptional attenuation in ncise,

DESCRIPTION AND EVALUATIONS OF
SILENCERS TESTED

An array of readily available silancers and silenced weapons was
tested at Frankford Arsenal., Since theinformutionwas collected over an
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extended peri. i of time, some ot the sound histories were recorded

at distances other than {ive meters., All measurements were rnade
with either a Bruel and Kjaer (B&K),!/4 in~h (Model 4135) or an Altec,
1/2 inch (Model BR150) condenser microphone, The microphone out~
put was fed into an oscilloscope (Techtronix) and photographed for
record, In a few cases the weapon sound history was first recorded

by a tape recorder {Ampex 351) ard then transferred to the cscilloscope
and the camera film, In each case sufficient cross-correldation existed
between various transducers and recording techniques to render the
presented data, for all practical purposes, valid and reproducible,

Throughoui the tests the microphone, preamplifier, recording
equipment, and recording technique were found to have a paramount
effect on the validity of recorded sound data, Some microphone
systems were found to have insufficiant response while others dis-
torted the signal with resonance, Zoth Altec and B&K micvophone
systems showed a prcnounced tendency to distort the signal when
measuring low intensity shock waves. They were almost completely
free from resonance at higher scurd levels. .Although the specified
frequency responses of Altac andB&K microphones are, respectivel'y.
11,000 and 75,000 cps, both gave relitively comparable results for
the purpose at hand., The tape recos:'ers are generally not recom-
mended for recording shock type scunds, primarily because of their
slow response {usually not higher than 20,000 cps) and vulnerability
to overloading. With care, however, useful data can be r~corded.

Another problem encountered during the tests was the sound
reflection from the ground, Incases where both the direct and re-
flected sound signals were recosrded, no perceptible loss seemed
to occur througl reflection from loose sand and sparse grass., The
reflected signal was simply slightly smaller in amplitude for having
traveled a longer distance from the source. Consequently, it was
found necessary to place the raicrophones anil weapon sufficiently far
from the ground to insure receipt of only the primary signal. The
further fromn the gun the measurements were taken, the higher the
microphones had to be placud olf the ground,

Most sitenc>ra and silenced weapons tested were intended for
standard sulsonic aminunition, availabl:s commercially. Some
systems, however, re~virced special »2duced charge cartrioges, For
tests, thes2 rounda ‘.ere prenared with appropriate type and quantity
of propeliant to yield pr~jectile velocities substantially below the
speed of souad, Since in some cases the projectile velocities intended
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