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INTRODUCTION

Throughout the history of firearms, gun noise has been of con-

siderable concern to the military. Prior to firing, anticipation of the

ear shattering effects 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 deafness, To the enemy, 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 is to be found indispenable in covert

operations.

Of the various noises associated with firing a convention. 1

small arms weapon, the most significant is the muzzle blast caused

by escape of propellent gases after the projectile exits from the

barrel. Hundreds of patents, war and police records, and other

literature are witness to the efforts, for nearly a century, to elimi-

nate smail arms muzzle biast, Notwithstanding time, effort, and

interest, no completely satisfactory silenced weapon has yet been

produced.

The lack of theoretical literature on silencing a firearm testifies

to the still inadequate understanding of the principles of sound gener-

ation and attenuation in a small arms weapon. Perhaps the failure to

theoretically define noise problems can be attributed to the virtual non-

existence of thorough and reliable experimental sound data from

existing silenced and unsilenced weapons, This lack of experimental

data is partially due to only recent development of adequate sound

measuring equipment! 8* and partially due to the complexity of the

problem.

This report is intended to give an insight into the present state
of knowledge of silencing a small arms weapon, Essentially, the
contents consist of physical, functional, and acoustical data on an

array of silenced weapons felt to be representative. The sound eval-

uation presented here is cursory, primar because of the complexity

of the problem. First, the gun muzzle no:se is only one** of the many
possible noises being generated by each given system, Second, the
sound of interest is directional and attenuates nonlinearly with distance.

=
“See Bibliography.

¥¥,

See, for example Appendices A and B
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SILENCER PRINCIPLES

3 This effect,

» Tequires attention in

i 
n8ignifica:

Silenced systems

3, Air or propellent gas discharge {or inflow) following pro-

jectile exit. This consists essentially of the initial uncorking of

internal system pressure, the subsequent discharging jet turbulence,
and the effects 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 is usually necessary

to treat each noise source individually.

A projectile traveling in a gun barrel accelerates and compresses

the air immediately ahead of it. The precursor pressure wave thus

generated is substantial in most weapons, even the ones with subsonic

projectile velocities, Prior to exit from the gun barrel, the precursor

wave front generally consists of a shock which reaches a pressure of

several atmospheres. Upon exit from the gun barrel, the precursor

wave gives rise to a positive sound pulse in the far field. The sound

pulse is generally of a sawtooth configuration, beginning with a shock

and ending with an exponential pressure decay with time. In some si-

jlenced weapons this precursor sound pulse constitutes the dominant

noise source.

The abrupt exit of the projectile itself 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 bafÒe.

These effects can be expected to occur even when the projectile is

neither followed nor preceded by high gas or air pressures. The

sound signature in the far field due to abrupt projectile emergence

from the muzzle consists usually ofan N-wave pulse. The magnitude

of this pulse depends primarily on the projectile velocity, diameter,

and length, and onthe silencer muzzle configuration, *

In an unsilenced subsonic weapon, the hot propellent gases dis-

charging into the atmosphere after 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

e
e

* Py iThis phenomenon 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 thefirer's auditory safety and can be of

sufÏcient magnitude to stun him, In silenced weapons, the major

portion 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 by

wave reflections within the silencer,

Blow-by is the leakage of propelient 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 barre! or

silencer. Since the accuracy of the weapon is generally impaired if

the projectile touches any hard surface after leaving the gun barrel,

most silencers are designed with an adequate projectile clearance.

In some silencers this clearance is so large that a good portion of the

propellent gas escapes prior to projectile exit, and blow-by represents

a significant sound source in the system, The blow-by sound pulse is

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 same time as the projectile,

In this case the blow-by sound 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?? vorticity, and reverberation within 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 bafÒe spacing is such that the bafÒed

chamber resonance corresponds to the natural frequency of the dis-

charging jet. In such cases both the amplitude and the dominant fre-

quency of the jet noise can be substantially altered by changing the

bafÒe spacing within the silencer.

Presently the exact relationship between a sound Signature and

the corresponding effects occuring in a silenced weapon is only vaguely
defined, It is known, however, that generally the magnitude and

duration of any given sould pulse are primarily dependent on the

area through which a quantity of propellent gas or air is di acharged

to the atmosphere and on how this discharge varies with time. *

In most silenced weapons the gas discharge area of interest is

the silencer muzzle opening. However, to predict the gas discharge

from the muzzle pricr 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 determined 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 primary factor in determining the gas discharge rate immediately

following projectile exit. Any 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 factors also become significant. With the precursor wave,

much lower pressures are encountered, and the more dominant role

is played by silencer length, **

The propeilent 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 heat conductivity (s.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 absorbing technique is

found in silencers utilizing steel wools and wire screening. In most

cases, however, the heat absorption is limited by the short ballistic

cycle times encountered in small arms weapons.

; Another method of effecting large heat losses in the silencer is

to introduce a foreign substance, preferably a highly volatile solid

or liquid, into the propeilent gas just prior to projectile exit frum the

ae

*appendix C
*

*Appendix D

—
_—



The substance evaporates by absorbing heat from the
silencer.

propellent gas thus reducing the internal pressure, The

presumably successful application of this technique is to soak the

silencer wire screening in oil. Water is also usable, but may pres-

ent corrosion problems, The general principle, although not thoroughly

investigated in the past, seems to have good possibilities.

From the foregoing it becomes evident that the sound signatures

of most conventional silenced weapons are primarily determined by

the silencer length, volume, blow-by clearance, and heat absorbing

capability. Since in most silencers the heat losses are smail, the

usual silencer components {such as bafÒes, "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 formed bafÒes. These bafÒes channeled the

expanding propeilent gases into a peripheral motion within the silencer,

The generated vortex reduced the pressure at the center, thus reducing

the propellent gas discharge rate from the silencer, Although to date

the principle lacks conclusive theoretical and experimental verification,

superficially it seems sound, Except for the vortical gas motion, the

Maxim silencer performed according to the principles previously

described.

During World War II, Germany developed several experimental

silencers, One interesting version incorporated conical bafÒes, equally

spaced along the silencer and inclined rearward. Although this tech-

nique would not be expected to reduce the initia! propellent gas dis-

charge rate aiter projectile exit, it does have a natural tendency to

reduce the precursor and the blow-by. This reduction can be attributed

to the efÏcient inward reflection of all outgoing pressure waves within

the silencer.

Some of the above German World War II silencers incorporated

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

1936 in Germany). The disk closes off the internal silencer cavity un-

less forced open by the exiting projectile. In this way the propellent gas

is retained within the system until it slowly seeps out. The rigidity of

the disk ideally would be such that the precursor, blow-by, and ex-

panding blast pressures would not deform it and yet the projectile could

* a ppendix E

force its way through. A variation of the technique is to distribute

a series of these flexible disks throughout the length of the silencer.

This design was utilized in some versions of British World War II

Sten guns and Welrod pistols,

Most silencers discharge the propellent 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 as 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 propelient gas discharge after pro-

jectile exit from the weapon. One of these prescribed the use of a

metal gate to close the gun barrel immediately after projectile pas-

sage. The gate in this case was to be driven directly by the propellent

gas following the projectile. Other patents described the same

principle, but added a side-branch, gas-driven piston to activate the

gate. Another patent described a weapon 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 projectile would pro-

ceed to exit. In this way the piston would trap the propellent gas inside

the gun barrel, The patent did not prescribe an expedient method for
extracting the piston from the barrel, Still another patent described

an 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 behind 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 effect

any exceptional attenuation in noise.

DESCRIPTION AND EVALUATIONS OF

SILENCERS TESTED

test oo array of readily available silencers and silenced weapons was
ed at Frankford Arsenal. Since the information was collected over an

T



some of the sound histories were recorded
extended period of time,

at distances other than five meters, All measurements were made

with either a Bruel and Kjaer{B&K),1/4 inch {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, Ina few cases the weapon sound history was first recorded

by a lape recorder (Ampex 351) and then transferred to the uscilloscope

and the camera film, In each case sufÏcient cross-correlation existed

between various transducers and recording techniques to render the

presented data, for all practical purposes, valid and reproducible.

Throughout 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 insufÏcient response while others dis-

terted the signal with resonance, Toth Altec and BEK microphone

systems showed a pronounced tendency to distort the signal when

measuring low intensity shock waves. They were almost completely

free from resonance at higher sound levels, Although the specified

frequency responses of Altec andB&K microphones are, respectively,

11,000 and 75,000 cps, both gave relatively comparable results for

the purpose at hand, The tape recorders are generally not recom-

mended for recording shock type sounds, primarily because of their

slow response (usually not higher than 20,000 cps) and vulnerability

to overloading. With care, however, useful data can be recorded,

Another problem encountered during the tests was the sound

reflection from the ground, Incases where both the direct and re-

Mected sound signals were recorded, no perceptible loss seemed

to occur through 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 microphones and weapon sufÏciently far

from the ground te insure receipt of only the primary Signal, The

further frors the gun the measurements were taken, the higher the

microphones had to be placed off the ground.

Most silencers and silenced weapons tested were intended for

standard subsonic ammunition, available commercially. Some

systems, however, required special reduced charge cartridges. For

tests, these rounds were prepared with appropriate type and quantity

ield projectile velocities substantially below the
of propellant 1:

Since in some cases the projectile velocities intended
speed of suur

by the system designers were not known, it is possible that

pared and tested ammunition may have deviated sliphti f she Pre-
intended, It is doubtful, however, that this factor could sie
alter the sound results presented herein. Some systems ech oY
the Sten gun, were designed for standard supersonic ammu ti “s
these cases the barrel usually had propellent gas bieed holes te re.”
duce the internal pressure, thus i ject, reducing the projecti zleine, B 1 ite muzzl.

It is appropriate at this point to describe the methods wh b
the weapon's major noise constituents, listed with each of the folk id
ing sound scope traces, were identified. In most cases the fir .step consisted of examination of a sufÏcient number of the weave ,
scope traces to establish the recurrent character of the overall w, :
on noise, Next, scope traces were taken with the whole weapor na
cept the muzzle, wrapped with attenuating material {a suede leather
jacket was found to be a remarkably good attenuator). Noting —
the noise Components on the trace thus attenuated or completel:
liminated, positive identification was made of the weapon's breech
noise and the first noise emitted from the weapon muzzlethis, Following3 

-
cope traces were made with the weapon muzzle taped over with

heavy elastic tape, This determined the r ative time of projectilet i E ie m. proj 1

; The mechanical noises due to the weapon hammer and firi
pin fall alone were determined by dry firing the weapon ‘in wears
a bhoe eee Silencers, the precursor shock exit time was es-
New. an m= Scope traces of the weapon fired without the silencer,
treet te pulse-time diagram was constructed from the scope

of the overall unmodified weapon noise, This established an
approximate relationship between the propellent $s di iof the weapon and and the scope trace prer nt gas Giseharge history

In weapons

The ti: i i
in the weapon deca the various noise-producing processes occurring

we fhe we n ing the ballistic cycle were calculated from the

one estimated projectile travel-time history.
Culated and experimentally established data led t

of the major we. iapon noise sources lis: i
scope traces. 

ted with the f

Analysis of all

o identification

ollowing sound

in practiP ice, all sound measurements and loudness judgements
are made ithe apparent he Presence of some type of background noise. Although

Oudness of a signal can often be altered substantially



by the background noise, presently there is no satisfactory means for

predicting this masking effect, However, it is known that when the

sound pressure level (SPL} of a continuous signal exceeds the SPL

of background noise by more than i0 db, the eflects of background

noise, for all practicai purposes, can be neglected. If the same

criterion is assumed for transient noises, then masking of the weap-

on noise by the backgorund noise should become significant only when

the background sound pressure exceeds about a third of the weapon

sound pressure, All Frankiéord Arsenal sound traces were made with

the background noise well below this himit.

Caliber .22 Hi-standard Pistol/French Silencer

The "French" silencer is a recently manufactured item, designed

for a caliber ,22 or a slightly larger caliber weapon, [n all respects

other than that its bafÒes are not perforated, this silencer of French

origin is identical to a Parker-Hale "Sound Moderator" presently

being manufactured commercially in Britain, History and exact

origin of the "French" silencer are unknown,

The all-metal silencer tested (Figures 1 and 2) was adapted to

acaliber ,22 Hi-standard semi-automatic pistol by threading the

barrel. Inside, the silencer contained a series of metal bafÏes,

spaced 0,43 inch apart, The first bafÒe was located 2, 37 inches

from the gun barrel muzzle, presurnably to reduce stresses on the

bafÒes and to provide an initial expansion chamber. The projectile

passage diameter throughout the silencer was 0,28 inch, Outside,

the silencer diameter and length were, respectively, 0.94 and 7. 31

inches, Table ilistssomeofthe more important physical and func-

tional parameters of the Hi-standard pistol and the “'French" si-

lencer.

Figures 3 and 4 show scope traces of the sound pressure-time

history of the pistol without the silencer firing a Long Rifle cartridge,

Thetraces were recorded five meters from and direcly to the side of the

pistol muzzle, The three primary acoustical effects - primer initiation,

precursor shock exit, and propellent gas biast - are distinctly visible on

the traces, The highest sound impulse and peak sound pressure ievel

(136 db) were due to the propellent gas discharge occurring after the

projectile exited the barrel. The peak sound pressure level due to

exiting of the precursor shock was 113 db, The primer initiation

sound pulse was approximately 98 db.

10

DI
A.

 
ME

AN

ll

O
IA

a
e

.2
2 

Hi-sta
ndard

 
Pistol

/Frenc
h 

Silen
cer

Gro
ss 

sect
ion,

 
Cal

ibe
r

Fig
ure

 
1

,



TABLE I, Caliber , 22 Hi-standard Pistol/French Silencer

Projectile

Weight (Long Riffe) 40 pr

Diameter 0.225 in

Velocity (at silencer exit} 1050 fps

5 Energy (at silencer exit} 98 ft-lb
Fs Travel at peak ballistic pressure (estimated) 0. 4 inch

4 Travel in barrel 7.0 inch

a Travel time in barrel 0.65 ms (approx)

- s Travel time in silencer 0.55 ms

Fi
7 gE Propellant
i = Weight (double base, flake, web ~ 0,003 in.) 1,7 gr (+0, 2 gr

. & primer}

. x Chamber volume 0.016 in, 3

z
Py Ballistic pressure

3 Peak 24,000 psi

£ At barrel muzzle (estimated} 1,000 psi
’

x Silencer
Bey Passage diameter (for projectile) 0,28 in,

. Weight 0,25 ib

Ei Free volume 2.38 in,3

G Pistol weight (without silencer) 2,75 lb

Time between precursor and projectile exits from

silencer (estimated) 0.95 ms

Fig
ure
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@® Precursor Exit from Barrel Lg = 113 &

@) Projectile Exit from Barrel Ly = 136 db

® Ground Reflection

Figure 3, Sound Pressure-Time History, five meters to side, Caliber ,22 Hi-standard Pistol
(Unsilenced), Using Long Rifle Cartridge
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Precursor Exit from Barrel

Projectile Exit from Barrel

Precursor Ground Reflection

Sound Pressure-Time History, five meters to side, Caliber .22 Hi-standard Fistol

(Unsilenced), Using Long Rifle Cartridge
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The sound signature of a Hi-standard pistol with the French

silencer and using 4 Long Rifle cartridgeis shown in Figure 5, In this

case the sound pressures were substantially lower than withthe unsilenc ed

pistol. The first distinct sound perceivedduring the firing cycle wasa pulse

{pt 1, Figure 5) generated about the time the firing pin hit the primer.

Since at this time four successive functions - hammer fall, firing

pin striking primer, primer explosion, and gas leakage around the

cartridge case - occurred, the exact source of the first sound pulse

is not definite. However, experiments with other systems indicate

that, generally, by far the loudest pulses are generated by the gas

leakage around the cartridge case and by the hammer fail. The

firing pin striking the primer is generally somewhat louder in weap-

ons without a hammer,

The next sound after primer initiation was the precursor wave

exiting from the silencer muzzle. This sound pulse (pt 2), because

of its low amplitude, is barely distinguishable in the trace. Shortly

after the precursor, the blow-by pressure wave (generated by the

leakage of propellent gases past the projectile) exited, Exit of this

pressure wave gave rise to a pulse of 117 dp peak SPL, The pro-

jectile exited the silencer 0, 3 millisecond after the blow-by wave.

Its exit was followed by the main efÒux of gases, which resulted in

the positive pulse of 119 dp peak SPL. Following the projectile

exit and initial gas efÏux, the steady discharge of propellent gases

gave rise to turbulence which, combined with reverberations within

the silencer, generated a prolonged noise (pt 5) of approximately

105 db peak SPL,

Sound signature of the caliber . 22 Hi-standard pistol without

silencer, firing a Short cartridge, is shown for reference in Figure

6.

Caliber . 22 Silenced Hi-standard Pistol

During World War I, the U.S, Infantry Board established

interest in silenced weapons. 37 A variety of weapons, including the

silenced caliber , 22 Hi-standard pistol (Figures 7, 8, and 9, and

Table Il), were given consideration, It was concluded that all si-

lenced weapons were bulky and still detectable at close ranges. Be-

cause of low lethality, it is doubtful if the Hi-standard pistol described

herein found very wide application.
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Figure 7, Cross section, Caliber , 22 Silenced Hi-standard Pistol
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TABLE HU. Caliber . 22 Silenced Hi~standard Pistol

Projectile

Weight (Long Rifle) 40 gr

Diameter 0,225 in,

Velocity (at silencer exit) 930 fps

Energy (at silencer exit) 75 ftelb

Travel at peak ballistic pressure (estimated) 0,4 in.

Travel in barrel 6,2 in.

Travel time in barrel 0.65 ms (approx)

Travel time in silencer 0, 22 ms

Propellant

Weight (double base, flake, web ~ 0,003 in,) 1.7 gr t+ 0.2 gr

primer)

Chamber volume 0,016 in, 3

Ballistic pressure

Peak 24, 000 psi

At barrel muzzle (estimated) 90 psi

Silencer

Passage diameter (for projectile) 0, 234 in,

Weight (excluding gun barrel and pistol} 0.63 lb

Free volume

Around gun barrel {including barrel holes) 1,84 in, 3

In front of gun barrel 0, 76 in, 3

Wire mesh volume

Rolled {around gun barrel) 0.79 in. 3

Discs (front of barrel) 0,35 in. 3

Gun barrel and pistol weight 2.37 1b

Silencing of the Hi-standard pistol has been accomplished

essentially by drilling the barrel and enclosing it in a silencing tube.

The barrel has four longitudinal rows of "bleed" holes, 0.125 inch

in diameter and spaced 0,250 inch apart. The primary function of

the holes is reduction of the baljistic pressure which, in turn, also

reduces the velocity of a supersonic Long Rifle cartridge below the

speed of sound.

22

The silencing tube surrounds and extends beyond the pistol

barrel, At the rear it is attached to the threaded receiver extension,
while at the front it terminates with a threaded cap, Inside, the

tube contains a roll of brass wire mesh surrounding the barrel and

a stack of wire mesh discs extending beyond the barrel muzzie, The

wire screening is presumably intended for cooling of the propellent

gases, Projectile passage through the front portion of the silencing

tube is 0,234 inchin diameter, The silencing tube diameter and

length (beyond gun barrel} are, respectively, 1.0 and 2,5 in,

Figure 10 shows the sound pressure-time history of the silenced

Hi-standard pistoi, The soundtrace, like that of the French silencer,

was taken five meters to the side of the pistol muzzle. As can be seen

from the scope trace, the pistol’smain sound sources were: primer

initiation (pt 1, Figure 10), bleed hole blow-by (pt 2), and projectile exi

(pt 3). The primer initiation pulse, which was predominatly due to

propellent gas leakage around the cartridge case, had a peak SPL

of 98 db, The next sound pulse (pt 2) was generated when the blow-by

occurring through the bleed holes exited from the muzzie, Although

this sound pulse had a relatively large impulse, its peak SPL was

only 10! db, Shortly after, the blow-by wave, originated at the gun

barrel muzzle, exited. This event occurred almost simultaneously

with the projectile exit, The combined effect of blow-by and gas

discharge following the projectile exit resulted in a positive pulse

(pt 3) of 113 db peak SPL, Following this, several sound pulses occurred

(pt 4} due to propellent gas discharge turbulence and reverberation3s

within the silencer,

The magnitude of these sound pulses varied from round to round,

In the majority of cases it was somewhat lower than that of Figure 10,

The general negative trend of sound pressure after sound pulse {pt 3}

was more consistent, representing the eventual decrease of propellent

gas discharge from the weapon, In general, the relatively uncluttered

sound scope trace of the silenced caliber , 22 pistol correlated well

with its quiet performance,

Caliber , 22 Silenced AAI Experimental Test Fixture

The AAI caliber .22 siienced test fixture (Figures 11, 12, 13,

and Table Hi} was designed by Aircraft Armaments, Incorporated,

in 1965, The study was conducted as part of a Frankford Arsenal

contract issued to investigate unconventional use of small arms.

23
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Figure 10. Sound Pressure-Time History, five meters to side, Caliber ,22 Silenced Hi-stendard
Pistol, Using Long Rifle Cartridge
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Figure 11. Cross section, Caliber .22 Silenced AAI Experimental Test Fixture



9
2
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Figure 13, Caliber .22 Silenced AAI Experimental Test Fixture, Digassembled



TABLE ill, Caliber , 22 Silenced AAI Experimental Test Fixture

Projectile

Weight 40 gr
Diameter 0,225 in,

Velocity {at silencer &cit} 990 fps

Energy (at silencer exit} 88 ft-lb

Travel at peak ballistic pressure (estimated) G.4in,

Travel in barrel 6.9 in,

Travel time in barrel (estimated) 0.72 ms

Propellant

Weight (double base, flake, web ~ 0,003 in.) 1.7 gr (+ 0,2 gr

primer}

Chamber volume 0.016 in,

Ballistic pressure

Peak 24,000 psi
At barrel muzzle (estimated) 130 psi

Silencer

Outside diameter 1,0 in,

Length 6.5 in.
Weight (excluding action and gun barrel) 0.5 Ib

Free volume {including gun barrel holes) 4,69 in. 3

Total fixture and silencer weight 1.5 1b

The AAI fixture is essentially a caliber, 22 single shot rifle action

with a 7-inch barrel, The barrel has a total of 28 holes of various
diameters drilled along its length, The first four holes are enclosed
by a section of a Negator spring, presumably to give adaptability
to both the Short and the Long Rifle cartridges. Surrounding the bar-
rel is a silencing tube which forms an expansion space for the pro-
pellent gas escaping through the barrel bleed holes. The expansion
space is divided by six bafÒes which isolate each set of bleed holes

28

and thus prevent excessive blow-by, Some chambers Surrounding the

bleed holes contain rolled steel wire mesh, presumably intended to

- cool the expanding gases,

The performance of the AAI silenced fixture is simple in prin-

ciple, As the projectile travels down the barrel, the propellent pas

bleeds off through the barrel holes and expands into the space around
the gun barrel, The expansion of propellent gas is accompanied by a

reduction in the ballistic pressure behind the projectile. By the time

the projectile exits from the barrel, the propellent gas pressure has

been reduced to that dictated by the total expansion space (and slight

heat absorption), The lower pressure behind the projectile at exit

results in a lower initial propellent gas discharge sound pulse,

The advantage of this design is that with proper sizes, number,

and placement of bleed holes, both the precursor and the blow-by

sound pulses can be minimized. The system's disadvantages are: {1}

the premature propellent gas bleeding resultsina reduction of pro-

jectile velocity; (2) the eventuai abrupt uncorking of the barrel is

accoustically undesirable; and (3) the projectile {especially a lead

projectile) is susceptible to deformation and erosion by propellent

gases if bleeding is accomplished tov abruptly or while the gas pressure

is still high.

The sound pressure-time history of the AAI test fixture is shown

in Figure 14, The trace was recorded five meters directly to the side

of the weapon. As with the silenced Hi-standard pistol, the first sound

pulse {pt 1, Figure i4}) recorded corresponded to the time of firing

pin fall. The peak SPL of this pulse was 93 db. Since the time between

this event, primer explosion, and gas leakage around the cartridge

was small, the three events are not readily distinguishable on the

Bcope trace, However, the pulse due to leakage around the cartridge

seems to be in the vicinity of 103 db,

The second and loudest sound pulse (pt 2) was due to gas leakage

from the joint between the silencer tube and fixture breech, The gas

leakage, occurring as soon as the projectile passed the first set of bar-

rel bleed holes, resulted in a peak SPL of 116 db, This sound pulse

could be eliminated by a tighter fit between the tube and breech,

The next pulse (pt 3} was due to exiting of the precursor wave and

the propellent gases which found their way through the bleed holes ahead

of the projectile, This sound pulse was relatively small, with a peak

29
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SPL of 101 db, Shortly after the precursor and blow-by, the pro-

jectile exited. This resulted in the main efÒux of gases from the

muzzle and the consequent biast pulse {pt 4) of 114 db peak SPL,

Following this initial blast pulse were the various sound pulses emitted

from the muzzle due to the reverberations within the barrel and the

silencer, The last sound pulse (pt 5) was a ground reflection of the

pulse due to gas leakage at the silencer tube base, As can be seen,

reflection of the sound pulse from the ground (sand and sparse grasa)

occurred with almost negligible attenuation,

Caliber , 22 Hi-standard Pistol/ FA Silencer

The experimental silencer shown in Figures 15 through 17 was

designed by two Frankford Arsenal employees in 1967. It evolved

concurrently with the availability of low cost porous metal machining

stock, The porous metal manufacturing techniques, which only re-

cently were refined, consist of casting the molten metal over a salt

configuration and dissoiving the salt after the metal hardens. Pres-

ently, a aumber of metals-can be cast into almost any porosity,

density, or shape. The silencer described herein is probably a fair

tepresentative of its type.

The caliber .22 Frankford Arsenal silencer was tested with the

same Hi-standard pistol used for evaluation of the French silencer.

It is all-aluminum, and measures 1, 4 inches in diameter and 6.5 inches

in length, The silencer is machined from stock which is partially solid

and partially porous (see Figures 15 through 17 and Table IV), Outside,

the porous section of the silencer is wrapped with electrical tape, which

limits the propelient gas discharge to only the 0. 23 in, diameter

projectile exit at the silencer muzzle, Inside, the silencer consists

of three chambers of different lengths and diameters.

The outstanding characteristics of the caliber .22 Frankford

Arsenal silencer are small weight, low manufacturing cost, and rel-

atively quiet acoustical performance, The undesirable features ot

the silencer are its buikiness and high erosion rate. Other physical

and functional characteristics of the tested silencer are listedin Table
Iv.

The general acoustical performance of the Frankford Arsenal

silencer can be surmised from the sound scope trace shown in Figure 18
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TABLE IV, Caliber .22 Hi-standard Pistol/FA Silencer

Projectile

Weight {Leng Rifle)

Diameter

Velocity (at silencer exit)

Energy (at silencer exit)

Travel at peak ballistic pressure {estimated}

Travel in barrel

Travel time in barrel

Travel time in silencer

Propellant

Weight (double base, flake, web ~ 0.003 in.)

Chamber volume

Ballistic pressure

Peak

At barrel muzzle {estimated}

Silencer

Passage diameter (for projectile)

Weight

Totai free volume

Total pore volume

Mean pore diameter (approx)

Porous aluminum deasity

Pistol weight (without silencer)

Time between precursor and projectile exits

from silencer {estimated}

35

40 gr

0, 225 in,

1050 fps

98 ft-lb

0.4 in.

7.0 in.

0.65 ms {approx)

0,47 ms

17 gr (+ 0.2gr

primer}

0.016 in, 3

24,000 psi

1, 000 psi

0. 23 in,

0.47 lb

5,6 in,3

4,9 in, 3

0,04 in, 3

0, 043 Ib/in. 3

2,75 lb

0.90 ms
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(see Figures 3, 4, and & for sound scope traces ot the pistol without

silencer). The main sound sources of the silenced pistol were primer

initiation (pt 1, Figure 18), blow-by (pt 3},and gas discharge following

projectile exit {pt 4). The noise due to precursor (pt 2) was relatively

insignificant. The primer initiation sound pulse (as previously de-

scribed) occurred due to gas leakage around the cartridge case. The

peak SPL of this pulse was 103 db, The next and largest sound pulse

was that due to the exit of propellent gasea which by-passed the pro-

jectile. This pulse had a peak SPL of 108 db, The projectile exited

approximately 0. 4ms after the blow-by. The gas efÒux following

the projectile exit gave rise to a sound pulse of 100 db peak SPL,

In general, the sound signature of the caliber . 22 pistol with

Frankford Arsenal silencer could be described as a relatively mild,

mufÒed hand clap. The system sounded somewhat quieter than the

silenced Hi-standard pistol,

Caliber , 30 M1903 Rifle/Maxim Silencer

The all metal caliber ,30 Maxim silencer herein described was

designed by H. P. Maxim, The first versions of this U. S. silencer

were patented and manufactured commercially in 1909, At the time,

the use of the Maxim silencer was considered by the Army, and

issue of two silencers per platoon was recommended for training

recruits, However, due to the ballistic crack of the supersonic

round, the Maxim silencer, as well as several other designs, never

found wide application. It is doubtful if, at that time, the use of a

modified {subsonic} cartridge was given much consideration except

for special missions,

The Maxim silencer version recently tested at Frankford Arsenal

(see Figures 19 through 22 and Table V) is the ''Modei 15" supposedly

issued to National Guard units during World War I. [t is approximately

9 inches long and i inch in diameter, The silencer is 0,16 inch eccen-

tric with respect to the rifle bore, It attaches to the military Spring-

field rifle by an end nut and two tapering half-sleeves. The front rifle

Sight must be removed and replaced during the mounting operation.

Inside, the Maxim silencer is composed of an initial expansion chamber

followed by 19 equally spaced bafÒes. The bafÒes are indented rear-

ward and off-center from the silencer and the rifle bore axes.
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Figure 19, Cross section, Caliber .30 M1903 Rifle/Maxim Silencer
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Figure 20, Caliber ,30 M1903 Rifle/Maxim Silencer



O
F

a 
i ae

3 4

Figure 21, Maxim Silencer for Caliber ,30 M1903 Rifle
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Figure 22, Maxim Silencer for Caliber +30 M1903 Rifle, Disassembled



TABLE V.

Projectile

Weight (Match}

Diameter

Velocity {at silencer exit)

Energy {at silencer exit)

Travel at peak ballistic pressure {estimated

Travel in barrel

Travel time in barrel

Travel time in silencer

Propellant

Weight (M9 double base, flake, web ~ 0,003 in,}

Chamber volume

Ballistic pressure

Peak

At barrel muzzle (estimated)

Silencer

Passage diameter {for projectile)

Weight

Free volume

Outside diameter

Length (beyond gun barrel)

Rifle weight (without silencer)

Time between precursor and projectile exits

from silencer {estimated}

42

Caliber . 30 M1903 Rifle/Maxim Silencer

175 gr

0, 309 in.

1050 fps

431 ft-Ib

0.4 in,

22,0 in,

2,3 ms (approx}

0,56 ms

7.6 gr (+ 0.5 gr

primer)

0, 30 in. 3

20,000 psi

1,000 psi

0, 375 in,

0.63 Ib

4,0 in, 3
1,0 in.

7.0 in.

5 ib

1,44 ms

The Maxim silencer bafÒe configuration induces the gases,

_propagating down the silencer, into a vortical spin. No data seem to

be available on the acutal effectiveness of the principle. However, it

is conceivable that pressures at the silencer projectile passage could

thus be substantially reduced, The Maxim silencer's acoustical per-

formance (Figure 25) ismuch better than would be expected from its

clearances, volume, and length alone. Thus, some effectiveness

must be attributed to the silencer's eccentricity and the askew bafÒes.

However, the value of the vortical spin principle still remains ques~

tionable.

Figure 23 shows the sound pressure history of the caliber . 30 M1903

rifle without the silencer, using a subsonic cartridge. As can be seen

from the scope trace, the main sound sources are precursor shock

{pt 2, Figure 23) and propellent gas discharge following the projectile

exit (pt 3). The corresponding SPL of these pulses are, respectively,

119 and 137 db five meters to the side of the weapon,

The sound pressure-time history of the M1903 rifle with the

Maxim silencer and subsonic cartridge is shown in Figures 24 and 25.

The system's main noise sources are primer initiation, precursor shock,

blow-by, and propellent gas discharge after projectile exit. The primer

initiation noise,from firing pin fall to the first muzzle sound,is shown in

Figure 24, The absence of the usually high initial positive sound pulse

suggests that gas leakage around the cartridge case is very low and

that most of the system's initial noise is mechanical. Sound pulses

due to the blow-by and the propellent gas discharge after projectile

exit are shown more distinctly in Figure 25, Here the blow-by and

gas discharge pulses are, respectively, 102 and 112 db peak SPL.

Following these pulses, there is a prolonged, seemingly random,

noise of approximately 102 db peak SPL due to gas discharge turbu-

lence and reverberations inside the silencer.

The general sound history and apparent ioudness of the tested

Maxim silencer are comparable to the better silenced systems. This

is especially significant in view of the relatively high projectile energy

(431 ft-Ib) and velocity (1050 fps), Combining this with the silencer's

adaptability to standard weapons, its relatively small size, and its

construction (requiring no maintenance or replacement of parts), the

WW I Maxim silencer is one of the better items tested at Frankford

Arsenal.
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Figure 23, Sound Pressure-Time History, five meters to sida, Caliber .30 M1903 Rifle{Unsilenced), Using Subsonic Cartridge
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Figure 24, Sound Pressure-Time History, five meters to side, Caliber .30 M1903 Rifle/Maxim
Silencer, Using Subsonic Cartridge



Caliber , 30 Silenced Ml Carbine

The silenced Ml] carbine (Figures 26 and 27? and Table VI} was
land, about 1945. It is believed to have been

developed in Enfield, Eng
designed for the OfÏce of Strategic Services, The carbine is manually

operated and takes standard supersonic ammunition, Because of its
manual feeding, and not too impressive acoustical performance,

<7

a
La w

53 5
. § 7 &
e 3 . & a pulkiness,

4 a3 8 8 itis doubtiul if the weapon was widely utilized.
eo 3 Fg é
a om 68 22482 a Since standard super sonic ammunition was to be used in the silenced

* "oa 6 n i = ° carbine, seven holes of 0,125 inch diameter were drilled in the barrel
> * 6 8 - 3 3 E} close to the breech, This allowed the gases to be bled off through the

4 »ow ow t holes, with 2 consequent reduction in ballistic pressure and projectile
Z hy eu s muzzle velocity. The original barrel length was also reduced to ten

inches, presumably to minimize the final length of the carbine, The
d the gun

carbine's silencer surrounds and extends seven inches beyon'

Inside, the silencer has a series of conical bafÒes, positioned
barrel,

The overall length and diameter of the
throughout its whole length.

silenced barrel are 17 and 1.4 in., respectively.

-time history of the tested carbine, five meters

is shown in Figure 28. The main constitu-

{pt 1, Figure 28), bleed-hole

pt 3), blast immediately

Sound pressure

to the side of the weapon,

ente of the noise are: primer initiation
blow-by (pt 2), gun barrel muzzle blow-by {

following projectile exit {pt 4), and continuous noise emitted from

silencer after projectile exit (pt 5).
-Tim
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& 3 a ao z The primer initiation noise (barely visible on the trace) was

3 3 a eo 3 approximately 94 db peak SPL and was primarily due to the hammer

g nm oR 4 z a fail. me gas blow-by around the cartridge case seems relatively

Bg & 22 Qe MtleniBeant
re) aa

z . 3 32 a 3 Following primer initiation, the first significant sound pulse
Boy 4 © z 2y {pt 2) was caused by the exit of the pressure wave generated by the
gk a 4 gs . 3 gases finding their way out through the barrel bleed holes, This was

= 2 as § 3 @ positive sound pulse of 112 db peak SPL, The secondary blow-by,
Bo 8 3 8. g ez which occurred at the gun barrel muzzle, exited the silencer approxi-
Bae #8 . sMately 0,6 ms after the bleed hole plow-by. This generated a postive
DARA 4 Bound pulse of 122 db peak SPL.

ith fed) fed fs Py

Ey The projectile followed the secondary blow-by by about 0,4 ma.
z The immediate accoustical effects associated with the projectile

exit { pt 4) are barely distinguishable from the scope trace, This is
hin the silencer and

due to the masking effect of reverberations wit

4a?
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Figure 27, Caliber .30 Silenced MI Carbine



TABLE VI, Caliber . 30 Silenced Ml Carbine

Projectile 

dWeight 
108 pr 

3Diameter 
0. 306 in, Fl A] 3Velocity {at silencer exit) 
1058 fps 2 ZFEnergy {at silencer exit) 
270 ft-lb & 5 un &Travel at peak ballistic pressure (estimated) 0.5 in. 

42a aTravel in barrel 
9.2 in, 

no. 2 8Travel time in barrel 
i. 30 ms (approx) So aw 2Travel time in silencer 
0.56 ma 

sf 8 8

>» * 8 8Propellant 
a =Weight (WC820 double base, spherical granulation

0.013 by 0,009 in.) 
13 gr (+ 0.3 gr

primer}Chamber volume 
0. 062 in, 3

Peak ballistic pressure 
31,800 psi

Silencer

Passage diameter {for projectile} 0. 375 in,
Free volume 

10, 3 in, 3

Carbine weight (without magazine)
Sileaced 

6,75 Ib
Standard unsilenced 

5 lb

Time between precursor and Projectile exits
from silencer (estimated) 

0,41 ms
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discharge turbulence occurring at this time. An approximate value

of 119 db peak SPL was wssigned to the projectile exit pulse. Follow-

ing the projectile exit from the silencer, there was a continuous noise

of about 118 db peak SPL. This high frequency noise, which again can

be attributed primarily to internal reverberations, persisted for

several milliseconds. It is superimposed on a gradual trend into the

negative sound pressure region. This, of course, signifies the

eventual decrease of gas discharge from the weapon,

To a subjective listener, the firing of the silenced carbine sounded

like a sharp hand clap followed by a distinct hissing sound,

Caliber . 32 Silenced Sleeve Gun
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Little is known about the origin and history of the silenced sleeve

gun, It bears close similarity in design and workmanship (Figures 29

through 32 and Table VII} to the caliber .32 Weirod pistol. The sleeve

gun is a single shot item, requiring considerable time for reloading.

To reload and cock the weapon, the three rearmost threaded sections

have to be disassembled, Independent operations are required for

rechambering the cartridge and resetting the firing pin spring. The

weight (1.7 1b) and general configuration of this gun suggest that it

was also intended for use as a club.
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Firing of the weapon is accomplished by moving a latch toward

the weapon muzzle, A rod, attached to the latch and running along |
the top of the sleeve gun, releases the plunger holding the firing pin

at the rear of the gun. At the base, the sleeve gun is provided with fb

an eyelet, presumably fora string to support the weapon in a coat .
sleeve, 
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The internal configuration of the sleeve gun, except for dimensions, .

is exactly the same as that of the caliber ,32 Welrod silenced pistol. * :

The 3.25 inch gun barrel contains a series of 20 holes, 0.063 inch in

diameter, positioned in five rifling grooves. The holes lead into an

expansion chamber formed by the tube surrounding the gun barrel,

The tube also extends beyond the gun barrel muzzle by 2,85 inches,

thus forming the forward silencer section. Inside, the silencer section

contains a series of metal and rubber bafÒes which provide the si-

lencing effect.
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*See Figure 35.
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TABLE VII, Caliber . 32 Silenced Sleeve Gun

=

E .

' Es Projectile

! = Weight 77 gx
— Diameter 0,315

= Velocity {at silencer exit) 700 {ps

7 Energy {at silencer exit) 82 ft-Ib
} Zz Travel at peak ballistic pressure {estimated} 0.35 in,

iret Travel in barrel 3,25 in,

i g Travel time in barrel {estimated) 0.54 ms
ka Travel time in silencer 0.34 ms

3

a Propellant

; . Weight (Norma, ACP, double base, web~ 0,003 in.) 3 er {+0,3 gr

4 g primer}

vd u Chamber 0, 026 in,
Lo

>

i 8 Peak ballistic pressure 14,000 psi

: i)
il 3z Projectile passage diameter

| | Z In steel bafÒe 0. 38 in.
& In old rubber bafÒes 0.25 in. {approx}

! a In new rubber bafÒes X-slit

i ° Free volume
v Around gun barrel 1,18 in. 3
4 In front silencer portion 1,2in. 3

)
i Total weapon weight 1.7 lb

3
®

3
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I

i When examined, the rubber bafÒes of the sleev! described were already old so that
proximately 0, 25 inch in diameter,
probably completely clesed off the si
record was also made with a new baf.

© gun herein

passage throngh them was ap-

When new, the rubber bafÒes .
lencer cavity, Therefore, a
fle containing only an X-slit 

g
through the center, 

a 4
& 32Pood aot

Figure 33 shows and identifies the various sound constituents 
g.8 2

of the tested caliber , 32 sleeve gun with old bafÒes. The first small 
4 a 3 |

a] sound pulse on the trace (pt 1, Figure 33) corresponded to the time of 
o nm FS 

2 2 2 2

: j primer initiation, This Pulse, as well as other small pulses immediately a oa & 7.7.7 9%

following it, was approximately 87 db peak SPL (unpublished data), 
W roe @ 

sana

! and was Primarily due to firing Pin fall, Gas leakage around the 
> # 8 E 

2 , 7 ,

, Cartridge case seemed negligible, 

a Z 
do am

aA A

The next significant sound pulse (pt 2) was emitted from theSilencer muzzle, It was identified as the Pressure wave due to thepropellent gases exiting through the bleed holes and finding theirway ahead of the projectile. The peak SPL of this pulse was 118 db,ts the same as that for the caliber . 32 Welrod pistol,

w-by by about 0.25 ms, This pulse
Projectile exited approximately 0.3 ms+ The efÒux of Propellent gas immediately following the pro-jectile resulted ina Positive pulse (pt 4) of 126 db peak SPL, ThePositive sound pulse 0.2 ms after pt 4 was due to reverberation in-| Side the weapon,

e i
]
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d

© 4

The sound Scope trace of the sleeve
is shown in Figure 34, As can be s
and following projectile

gun with new rubber bafÒes
een, practically all noise preceding

exit was eliminated by the new bafÒes, Also,the projectile noise was reduced to 120 dp peak SPL, in-general, thesleeve gun with old bafÒes sounded likea somewhat ioud snap. Firedwith new bafÒes, it sounded likewise snappy, but substantially quieter.
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Caliber . 32 Silenced Welrod Pistol
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TABLE VIL. Caliber . 32 Silenced Welrod Piatol

Projectile

Weight 77 gr
Diameter 0.315 in.

Velocity (at silencer exit) 770 fps

Energy (at silencer exit) 102 ft-lb

Travel in barrel 3,9 in.

Travel time in barrel (estimated) 0,54 ms
0,43 ms

Travei time in silencer

Propellant

Weight (Norma, ACP, double base, web~ 0.003 in.) 3 er (+ 0.3 gr
primer}

Chamber volume 0,026 in. 3

Peak ballistic pressure 14,000 psi

Projectile passage diameter
0,375 in.

In steel bafÒe

In old rubber bafÒe (when tested) 0. 25 in (approx)

Free volume

Around gun barrel 2.6 in.4
In front silencer portion 2,5 in. 3

Total pistol weight {unloaded} 2,5 ib
Cali
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during World War iI. Externally, the primary difference between the
two is that the caliber . 32 is somewhat smaller and does not have a
trigger guard. The Welrod pistol is one of the few weapons specif-
ically designed to be “silent.” It had been provided with a suitable
Silencer anda relatively quiet breech mechanism. Although its clip{the pistol handle) holds eight rounds, the Pistol requires slow manuaireloading for each shot,

Internally, the caliber . 32 Welrod pistol consists ofa metal tubesurrounding and extending beyond the pistol barrel, The barrel hasa series of 20 holes {0.062 inch in diameter} drilled around its pe-Tiphery. The holes are positioned in the five rifling grooves andlead to the surrounding expansion chamber. This chamber is Sep~arated from the front silencer Section by a bafÒe which has 12 heles{0. 062 inch in diameter), The silencer Section, extending beyond thebarrel muzzle, is four inches jong and contains a series of metal andrubber bafÒes, The rubber bafÒes are spaced intermittently betweenthe metal bafÒes (Figure 35}. The projectile passage diameter in thesteel bafÒes is 0.375 inch. The passage diameter in the oid rubberbafÒes, when tested, was approximately 0.25 inch; when new, therubber bafÒes probably completely closed off the silencer interior.

Figures 37 shows and identifies the various sound
erated by firing the caliber . 32 Welred pistol,
pulses were due to primer initiation (pt 1, Figure 37), bleed holeblow-by {pt 2), and projectile exit (pt 3}. The high SPL (~112 db}and positive nature of the first sound pulse {pt I) identify it as thatcaused by gas leakage around the cartridge case. The blow-by waveigenerated by the Propellent gas by-passing
the barrel bleed holes) exited approximately
gave rise to the pulse (pt 2) of 118 db peak S:
occurring at the gun barrel muzzle e.
imately 0,3 ms after the bleed hole
it is seen that

largest sound

pulses gen-~

The main sound

PL, The blow-by wave
aited from the silencer approx-

blow-by. From the Scope trace,this blow-by is aimost insignificant. The last and
pulse, with its peak SPL of 122 db, was due to the
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9mm Silenced Welrod Pistol

The 9 mm Welrod Pistol, except for size, is externally verySimilar to its caliber , 32 counterpart. Internally, however, the
two pistols are quite different (see Figures 35, 36, 38,39, and Table
IX), The 9 mm Weirod barrel consists of two secti
rear. The rear portion contains the gun barrel, whi
0.052 inch diameter bleed holes atits breech end, The gun barrelis surrounded by a tube which, together with the threaded frontbushing, forms an expansion chamber f
the bleed holes.

the weapon's silencer, It attaches to the pistol by means of a threadedbushing. The inside of the Silencer section contai:nS a Beries ofmetal, rubber, and felt bafÒes Separated by a perforated, spool-iikeSteel spacer. The passage through the steel bafÒes and Spool isapproximately 0,43 inch in diameter,

ons, front and

ch has sixteen

The pistol examined at Frankford Arsenal Contained threeflexible bafÒes - two rubber and one felt, The projectile passagethrough these bafÒes was approximately 0.35 iach in diameter. Whennew, however, the flexible bafÒes probably completely closed offthe silencer cavity; therefore, records were also made with newbafÒes containing only an X-slit, Not knowing the condition of thetested weapon, most firings were made with a reduced charge car-tridge (described in Table IX).

Figure 40 shows the sound pressure
Welrod pistol without the forward silencer
duced charge round, The first noise detec
on the trace shown) occurred at about the t:
Primer, This noise {pt 1,

105 db, and was due to gas

-time history of the 9 mm
Section and firing the re-

table {and barely visible

ime the firing Pin hit the
Figure 40) had a peak SPL of approximately
leakage around the cartridge case, The
due to the precursor shock exiting fromthe gun, The high SPL of this pulse (131 db) Suggests a possibilityof gas leakage past the projectile, Any bypassing of the propellent
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TABLE IX. 9 mm Silenced Welrod Pistol

Projectile

Weight

Diameter

Velocity {at silencer exit)

Energy [at silencer exit)
Travel at peak ballistic pressure (estimated)

Travel in barrel

Travel time in gun barrel [e stimated)

Travel time in silencer

Propellant

Weight {M9, double base, flake, web ~ 0,003 in.}

Chamber volume

Ballistic pressure

Peak

At first hole (estimated)

At gun barrel muzzle {estimated

Silencer

Weight (front portion)

Free volume around gun barrel

Free volume in front portion

Projectile passange diameter

Silencer spool

In old rubber bafÒes

Through new rubber bafÒes

Total pistol weight {with the silencer)

Time between precursor and projectile exits

from silencer {estimated)

69

115 gr

0.357 in,

$40 fps

106 ft-lb

0.4 in.

4,7 in.

0.71 ms

0,60 ms

3 er (+ O.3 gr

primer)

0,038 in, 3

22, 400 psi

10,600 psi

200 psi

0.63 Ib

2.3in.3
4,3 in, 3

0, 43 in,

0. 35 in. (approx)

X-slit

3.5 Ib

6,91 ms
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Microphone: B&X 4135

L, = 105 db

Precursor Exit from Gun Barrel Muzzle 11 = 131 db

Projectile Exit from Gun Barrel Muzzle La = 131 ab

Sound Pressura-Time History, five maters to side, 9mm Silenced Welrod Pistol (1,Silencer Section), Using Reduced Charge Round 
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x= 0.5 ms/om

1 em = 1 major division

Microphone: B&K 4135

Primer Initiation Ly = 105 db

Precursor Exit from Muzzle Ly = 111 db

Blow-by Exit from Muzzle L3 = 119 db

Projectile Exit from Muzzle Ly = 124 db

Old Rubber BafÒes, Using Reduced Charge Round



(pt 1, Figure 41), precursor exit {pt 2), blow-by exit (pt 3), and
projectile exit {pt 4). The relatively low SPL (~ 105 db) of primer
initiation suggests that leakage around the cartridge case was much

smaller than that of the caliber ,32 Welrod. The precursor sound

pulse had a peak SPL of approximately 111 db, The blow-by wave,
which originated from the propellent pases bypassing the pro-

jectile in the spool spacer, constituted the second loudest sound
source of the system. This blow-by sound pulse (pt 3) had a peak
SPL of approximately 119 db. The last and largest sound pulse
(pt 4) originated at the time the projectile exited from the silencer,
It had a peak SPL of 124 db, and was due to the abrupt propellent
gas discharge following the projectile exit,

A record of the silenced Welrod with new rubber bafÒes, firing
a reduced charge cartridge, is shown in Figure 42. As caa be seen,
the primer noise was unaffected, but the precursor and blow-by
were practically eliminated by the new bafÒes, Also, the projectile
exit pulse was reduced to 120 db peak SPL. Figure 43 shows the
trace of the silenced Welrod with new bafÒes, firing a standard 9 mm
NATO cartridge (silencer muzzle velocity ~ 930 fps). Here the peak
SPL of the projectile exit was 125 db.

In general, the 9 mm Welrod with old bafÒes sounded similar
to, although somewhat louder than, the caliber , 32 Welrod pistol, With
new bafiles it sounded appreciably quiter than before.

9 mm Silenced Sten Submachine Gua

The silenced Sten submachine guns {Figure 44) were first
developed and manufactured in Britain during World War Il, They
were successfully used by both the British Commandos and the guer-
rillas operating behind German lines. A few of the silenced Stens
eventually found their way into German handa but, contrary to strong
recommendations by some, the German High Command did not adopt
the Sten for general use,* More recently
portedly used by Allied troops in Korea.

» Silenced Stens were re-

Basically, the silenced Sten (designated Mark IS) is a modified
version of a standard unsitenced Sten submachine gun. The mod-
ification consisted essentially of reducing the bolt weight, shortening

Fs

However, see Appendix E.
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y = 195 poars/em

x= 1 ms/em

l om - 1 major division

Microphone: B&& 4135

F
i

@ Primer Initiation Ly = 105 db

@) Projectile Exit Ly = 125 db
® Ground Reflection

Figure 43, Sound Pressure-Time History, five meters to side, 9 mm Silenced Walrod Pistol with NewRubber BafÒes, Using Standard NATO Round (Pro jac!tile Muzzle Velocity, 930 fps)

G
L

Figure 44, 9mm Silenced Sten Submachine Gun, Showing Type I and Type I

Silenced Barrels



the bolt spring, and Substituting the replaceable barrel with a si-
jenced one, Since the new barrel reduced projectile velocity below
the speed of sound, the bolt modifications were necessary to insure
Proper weapon operation and to maintain the rate of fire at standard
450 rpm. Some modified weapons reportedly had their breech in-
sulated with acoustical material, this to attenuate the weapon's me-
chanical noise (Figure 45). Many versions of the silenced Sten barrel
are known te have been developed. Two types, both similar, were
tested at Frankford Arsenal,

Silenced Sten Barrel, Type I

The Type 1 silenced Sten barrel (Figure 46) consists es-
sentially of a drilled length of standard 4 inch long gun barrel anda
surrounding silencing tube which extends beyond the gun barrel muz-
zle. The gun barrel has six holes (3.11 inch in diameter) located
0,72 inch from the initial projectile base position, and Opening into
the expansion chamber Surrounding the gun barrel, The early bleed-
ing of propelient gases is primarily intended to reduce the velocity
of the standard supersonic round below the speed of sound,

The front end of the silencing tube forms the secondary
expansion chamber, which is divided by 30 straight, equally spaced,
metal bafÏes, The first and last bafÒes (0, 25 inch thick) consist of
stacked wire screen discs. The passage through the bafÒes provides
the projectile with a diametral clearance of 0.040 inch, Outside, the
Silenced barrel is partially covered by asbestos rope, electrical tape,
and canvas cover to protect the hands from the tube which becomes
excessively hot with automatic firing. The overall silenced barrel is
13 inches long and 1. Sinchesin diameter. By comparison, the stan-
dard unsilenced Sten barrel is only § inches long. Some of the more
significant physical and functional parameters of the silenced Sten
with the Type I barrel are listed in Table xX,

On firing, the forward {and rearward) motion of the Sten
bolt terminates with a considerable slap. This impact of boit against
breech and the consequent vibration of the weapon's various components
generated prolonged noise of about 100 db peak SPL, lasting a few
milliseconds (Figure 45}, To avoid the overshadowing effects of
mechanical noise, the Frankford Arsenal sound tests were conducted
with the silenced Sten barrels held and fired in 2 special, relatively
quiet, single shot test fixture {Figures 47 and 48}, Since the mechanical
noise of the fixture is relatively low, the recorded Scope traces es-
sentially contain only the system muzzie noise,
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TABLE X. 9mm Silenced Sten Submachine Gun, Type I Barrel

projectile

Weight

Diameter

Velocity (at silencer exit)

Energy (at silencer exit)

Travel at peak ballistic pressure (estimated)

Travel in barrel

Travel time in barrel {estimated}

Travel time in silencer

Propellant

Weight(WCC-6102, doublebase, web~0. 003in,)

Chamber volume

Ballistic pressure

Peak

At barrel muzzle (estimated)

Silencer Characteristics

Passage diameter (for projectile)

Free volume in front silencer portion

Free volume around gun barrel

Silenced barrel

Weight

Lenght

Diameter

Standard Sten gun barrel length

Total weight of silenced Sten submachine gun

(without magazine)

Time between precursor and projectile exits

from silencer (estimated)

79

115 gr

0, 356 in.

1000 fps

258 ft-lb

0,3 in,

4,25 in,

0.42 ms

0.71 ms

6 gr (+ 0.3 gr

primer)

0.038 in3

31,000 psi

250 psi

0,50 in,

11.0 in, 3
4,4 in, 3

2,25 lb

13 in,

1.5 in,

6 in,

7.7 ib

0,3 ms
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Figure 47, Assembly, 9mm Silenced Sten Submachin
Test Fixture

¢ Gun Barrel (Type J) in

1
8

Figure 48. Disassembly, 9mm Silenced Sten Submachine Gun Barrel (Type 1)

: and Test Fixture



The sound pressure history of the Type I silenced Sten
with the test fixture is shown in Figure 49. Time corre-
trace with the various functional effects occurring in the

ng firing indicated that the five Principal noise sources
were: primer initiation (pt 1, Figure 49), precursor wave exit (pt 2),blow-by exit (pt 3}, Projectile exit {pt 4), and reverberation and jetnoises after projectile exit (pt 5},

barrel fired
lation of the

system duri

The primer initiation
the firing pin hit the primer,
low amplitude indicate

noise started and continued after
The high frequency, long duration, and

that it was Primarily mechanical in nature,The peak SPL of this noise five meters from the System was approx~-imately 93 db, The Precurscr wave formed in the gun barrel exitedfrom the silencer approximately one ms after the firing pin bottomed,The precursor sound pulse, although not very distinct, seems to havehad a peak SPL of about 94 db, The blow-by wave, caused by gasesby-passing and the projectile in the Silencer, exited 0, 3ms5 later.The sound pulse (pt 3} due to this blow-by had a peak SPL of 104 db,The projectile exited approximately 0.4 ms after the blow-by wave.The efÒux of gases following the Projectile exit was fairly mildsince the event was barely distinguishable from the secondary acous-tical effects {such as reverberations and turbulence) occurring atthis time, The noise generated during this event seems to have
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jet turbulence, The Sequence and
oise are inconsistent,

in general, for any one given roundthe maximum and average peak SPLs of this noise are in the vicinity:of 112 db and 104 db, respectively,

and long service life. Toa subjective listener
#5 an abrupt initiation and §radual cessation of
Compared to other Silencers and silenced barr
energy outputs, the Sten was o:

Frankford Arsenal,

» the system sounded

a relatively mild hiss,

eis with respectable
ne of the quieter systems tested at

Prim
ar 

Initi
atio

n

Silenced Sten Barrel, T Ittcl, type It

Externally,

are almost identical,

®

the Type I and Type I silenced Sten barrels
The two barrels are also Similar in principle;
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however, each contains a slightly different set of internal components

(Figures 46 and 50 and Tables X and XI). The Type If is distinguishable
primarily in that its gun barrei is slightly shorter and contains two
sets of bleed holes; its metal bafÒes (fewer in number) are somewhat
conical in shape; and, at the forward end, it holds three felt washers,

In the barrel tested at Frankford Arsenal, the front conical
bafÒes had been modified previously, as shown in Figure 50, pre-
sumably for experimental purposes. Acoustically there seems to
be little apparent reason for this modification; if anything, it made
the system slightly louder, Originally, acoustical performance of
the two barrel types was probably very similar,

Figure 51 shows and identifies the sound constituents of
the silenced Type I Sten barrel,fired with the test action shown in
Figure 48. The trace was recorded five meters directly to the side
of the weapon. The first distinct noise recognizable on the trace
{pti, Figure 51) was a sound generated approximately when the firing
pin hit the primer. Thia series of pulses, with its relatively low peak
SPL of 93 db, was essentially mechanical in nature. The next sound
Pulse (pt 2) was the first noise emitted from the silencer muzzle.
This pulse of 101 db peak SPL was generated by the blow-by occurring
through the gun barrel bleed holes,

The next sound pulse {pt 3) corresponded to the time when
gun barrel muzzle blow-by exited the silencer. This sound pulse
had a peak SPL of 104 db, The next, and highest, sound pulse {pt 4)
was generated by the exit of propellent gas which bypassed the pro-
jectile through the modified front bafÒes, Exit of this blow-by wave
Gave rise to a pulse of 113 peak SPL, The projectile exited approx-
imately 0,01 me later,

The initial efÒux of gases following the projectile exit
resulted in 2 positive pulse (pt 5) of 104 db peak SPL, Following
this, the steadily discharging gas gave rise to turbulence which,
combined with reverberations within the silencer, generated a pro-
longed noise {pt &) of approximately 100 db peak SPL, Characteris-
tically, this noise was of random nature, varying from round to
round,

To a subjective listener, the Type II Sten sounded like
a clap-initiated, gradually diminishing hiss. In general, it seemed
somewhat louder than the Type I Sten,
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TABLE XI.

Projectile

Weight

Diameter

Velocity (at silencer exit)

Energy {at silencer exit}

Travel at peak ballistic pressure (estimated)

Travel in barre]

Travel time in barrel {estimated)

Travel time in silencer

Propellant

Weight (WCC-6102, double base, web ~ 0, 003 in, )

Chamber volume

Ballistic pressure

Peak

At barrel muzzle (estimated)

Silencer Characteristics

Passage diameter (for projectile}

Passage diameter in old felt bafÒes (when tested)

Free volume around gun barrel

Free volume in front silencer portion

Silenced barrel

Weight

Length

Diameter

Standard Sten gun barrel length

Silenced submachine gun weight (without magazine)
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9mm Silenced Sten Submachine Gun, Type ik Barrel

115 gr

0, 356 in,

1000 fps

258 ft-ib

0.3 in,

3,1 in.

0.3ms

0.91 ms

6 gr G4 0.3 gr

primer)

0,038 in, 3

31,000 psi

400 psi

0,50 in,

0.3 ia,

2.7 in, 3

13,0 in. 3

2.5 Ib

13.5 in,

1.5 in,

6 in,

7.9 lb
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9mm P38 Walther Pistol/AAI Silencer

The 3 mm AAI experimental silencer {Figures 52 and 53 and

Table XII) was manufactured by Aircraft Armaments, Inc, about

the same time as the caliber . 22 silenced AAI test fixture {see

page 21}. This silencer is adaptable to a P38 Walther pistol by re-

moving the front sight and securing the silencer to the barrel muz-

zle with an adaptor sleeve. Although it is rather bulky and acous-

tically not toc impressive, ite data are deemed useful for comparison

with other silencers and silencing fixtures.

| The 9 mm AAI silencer is essentially a simple, bafÒed, expansion
‘ chamber, 5 inches long and 2,5 inches in diameter, The steel silencer
H housing holds eight bafÒes and nine spacers, all aluminum. Seven of

| the equal chambers formed by the bafÒes contain loosely packed steel
wool, removal of which does not seem to affect the system acoustically.

There is a rubber diaphragm with an X-~slit at the silencer muzzle,

presumably to restrict gas flow, At Frankford Arsenal this diaphragm
required frequent replacement as it was easily destroyed by the ex-

iting projectile, Later it was found that the diaphragm had little

acoustical effect even when new, probably because it was too thin,

The outstanding features of the AAI silencer are its very large

volume (19 in, 3) and the surprisingly large projectile clearances [a
0.5 inch diameter passage for a 0, 35 inch diameter projectile), The

following sound data are from the firings made with a special subsonic
cartridge {see Table XII).
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Figure 54 shows the sound pressure-time history ofthe 9mm P38
Pistol without the silencer, recorded 10 meters to the side of the

weapon. The first sound pulse (pt i, Figure 54) was due to the pre-
cursor exit from the gun muzzle. This pulse had a peak SPL of 127 db,

The projectile exited the gun muzzie approximately 0.4 ms after the
precursor, The accompanying propeilent gas discharge gave rise to

a sound pulse (pt 2) of 139 db peak SPL, The positive pulse {pt 3) is

a ground reflection of the blast pressure wave.
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The sound signature of the P38 pistol with the AAI silencer is

shown in Figure 55, The main noise constituents of the system were
identified as: primer initiation (pt 1, Figure 55), precursor exit

(pt 2), blow-by exit (pt 3}, and projectile exit(pt4), The first significant eae
noise during firing was that due to g:s leakage around the cartridge
case, The peak SPL of this noise w. s approximately 99db, The next
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TABLE XIi.

Projectile

Weight

Diameter

Velocity { at silencer exit)

Energy { at silencer exit)

Travel at peak ballistic pressure (estimated)

Travel in barrel

Travel time in barrel

Travel time in silencer

Propellant

Weight (M9, double base, flake, web ~ 0.003 in.)

Chamber volume

Ballistic pressure

Peak

At barrel muzzle

Silencer

Passage diameter (for projectile}

Weight

Free volume

Pistol weight (without silencer)

Time between precursor and projectile exits

from silencer

91

93mm P38 Walther Pistol/AAI Silencer

115 gr

0, 356 in.

925 fps

220 ft-lb

0. 4 in,

4,35 in.

0, 46 ms {approx}

0,43 ms

3 gr(+0.3gr

primer)

0. 038 in, 3

22,400 psi

1,800 psi

0,50 in,

3 ib.

19 in. 3

2,1 Ib

0,43 ms
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Figure 54, Sound Pressure-Time History, ten materg to side,
Silencer, Using Subsonic Cartridge

Figure 55. Sound Pressure-Time History, ten meters to side, 9 um P38 Walther Pistol/AAI Silencer,

y = 450 ubars/om

x= 0,5 ms/om

lcm - 1 major division

Microphone: Altec BR 150

@) Precursor Exit from Muzzle Ly = 127 db
@) Projectile Exit from Muzzle Lg = 139 db

@) Projectile Exit Ground Reflection

9 um P38 Walther Pistol without

y = 90 pbars/om

x = 0,5 ms/om

1 cm = 1 major division

Microphone: Altec BR 150

Primer Initiation Ly = 99 db

Precursor Exit from Silencer Lg = 105 db

Gun Barrel Muzzle Blow-by Exit from Silencer Lg = 120 db

Projectile Exit from Silencer ly » 105 db

Blow-by Ground Reflection

Using Subsonic Cartridge



sound pulse (pt 2} was generated when the precursor exited from the

silencer. Its peak SPL was 105 db. The blow-by wave generated at

the gun barrel muzzle exited from the silencer after the precursor. .

This blow-by pulse, with its peak SPL of 120 db, represented the

system's loudest effect, The projectile exited about 0.2 ms after the

blow-by wave. Gas flow at the silencer exit evidently was altered littie

by the projectile since the event is not discernable on the scope trace, —TIt—

This, of course, was to be expected with the large blow-by clearances |

and volume. Toa subjective listener, the system sounded unquestion- ; |

ably loud.
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9mm Walther MPK Submachine Gun/ West German Silencer

The MPK silencer (Figures 56, 57, and 58) was reportedly

developed in West Germany sometime after 1963, when the 9 mm MPK

submachine gun itself was introduced, Although somewhat bulky and

internally elaborate, it is ruggedlyconstructed, well finished, and

readily adaptable to a standard MPK weapon, The construction of the
silencer, its size and acoustical performance suggest that it was built

a3 an experimental model-shop item,
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Internally, the MPK silencer (Figure 56) consists of a 10 inch l
long by 2 inch diameter expansion chamber containing an elaborate

assortment of geometrically complex tubes, vanes, and cones. Except '
for two steel end pieces and the steel turbine-like vanes, the silencer

is made entirely of aluminum, Beginning at the rear, the silencer

starts with a simple 1.5 inch long expansion chamber, followed by a

tubular spocl, outside~vaned atthe rear and closed at the front, The
steel vanes forming one end of the spool are brazed to the aluminum
tube, After the. spool come two cones, an expansion chamber, and
another cone,

—

All Frankford Arsenal sound tests on the MPK were made
with special rounds loaded for subsonic velocities {Table XI), The
sound history of the MPK without the silencer is shown in Figure 59.
The weapon's main noise, like that of most other unsilenced systems,
was due to the precursor wave and the projectile exit blast. The two Nenepositive pulses five meters to the side of the MPK were, respectively,
131 and 140 db peak SPL,
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Figure 57, 9mm MPK Walther Submachine Gun and West German Silencer
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Figure 58. 9 mm MPK Walther Submachine Gun/West German Silencer



TABLE XTi, 9 mm MPK Walther Submachine Gun/German Silencer

Time between precursor and projectile exits from

Silencer (estimated) 0.69 ms

a: Projectile 
. 

&i Weight 115 gr g zDiameter 0. 356 in. ae z
Velocity (at silencer exit) 1000 fps Ey 5 3 iEnergy {at silencer exit) 255 ft-ib ri 5 > 5
Travel at peak ballistic pressure (estimated) 0.4 in, gs > 4 °i Travel in barrel 6. 32 in, aoa q aTravel time in barrel (estimated) 0,62 ms a 4 a g a 2 zB
Travel time in silencer 0.79 ms ° ° 1 & “3 3

> x 6 OF a4 FdPropellant 
eo wou &Weight (M9, double base, flake, web ~ 0, 003in,) 3gr{+O.3 gr a8 ss 3 g: 

primer} 
mn

Chamber volume 0.038 in. 3 
«

3
Ballistic pressure 

3Peak 22,400 psi 8At barrel muzzle {estimated) 1,400 psi 
FA

a
rySilencer 

8Passage diameter (for projectile} 0.41 in,, 0.44 in, 
2

and 0.55 in, 
ai Weight 

1,5 1b (approx) 
-| Free volume 

15,0 in, 3 
Ri 

Bi Unsilenced submachine gun weight (without magazine) 6.2 Ib. 
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Although not visible in the trace of Figure 59, the MPK has a
relatively loud, prolonged, mechanical noise. This noise is due
Primarily to the forward slap of the bolt against the breech and
consequent vibration of the weapon's mechanical components, The

sound trace of the weapon, fired dry, without a cartridge, is shown
in Figure 60, The peak SPL of the MPK's mechanical noise was
approximately 106 db five meters from the weapon.

The sound history of the silenced MPK, firing a subsonic car-
tridge,is shown in Figure 61. The system's first significant sound
{pt 1, Figure 61) corresponded to the time of primer initiation. The
first positive pulse of this sound {approximately 106 db}, five meters
from the weapon, was due to the forward slap of the bolt against
the gun breech, Approximately 0.2 ms after the bolt bottomed, there
was a second positive pulse of 114 db peak SPL due to rearward gas
leakage around the Cartridge case, Following primer initiation came
the first noise emitted from the silencer muzzle. This was a pulse
{pt 2) of 108 db peak SPL due to the exiting of the precursor wave
generated in gun barrel. The blow-by occurring in the silencer ex-
ited from the muzzle approximately 0.4ms later, This gave rise to
a positive pulse (pt 3) of 116 db peak SPL. The projectile exited
about 0,4 ms later. This generated the System's largest pulse - 118
db peak SPL, Following this there was a series of smaller random
sound pulses due to reververations inside the silencer.

Figure 62 shows, essentially, only the muzzle noise of the
silenced MPK, The record was obtained by wrapping the weapon
with a suede coat. The effect can be seen most readily in the barely
visible primer initiation noise (pt 1, Figure 62) and the more clearly
defined precursor pulse {pt 2),

In comparison to other systems, the silenced MPK sounded
somewhat louder than the 9 mm Stens and quieter than the caliber . 32
and 9 mm Welrods. Qua litatively, the MPK sound Signature could
be described as a somewhat mufÏed clap, immediately followed by
a diminishing hiss.

Caliber .45 Silenced M3 Submachine Gun (Figure 63)

Bell Laboratories Silenced Barrela er tatories sitenced Barrel

During World War II, Bell Laboratories investigated si-
iencing of various weapons, including the caliber . 45 M3 submachine gun.
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Primer Initiation

Precursor Exit from Silencer

Blow-by Exit from Silencer

Projectile Exit from Silencer

CRCR
OROR

G)

Primer Initiation Ground Reflection

Figure 61, Sound Pressure-Tima History, five meters to aide,
West German Silencer, Using Subsonic Cartridge

Primer Initiation

Precursor Exit from Silencer

Blow-by Exit from Silencer

Projectile Exit from Silencer

©ee
oEe

Blow-by Ground Reflection

Figure 62,

with Attenuating Material

9 mm MPK Walther Submachine Gun/

Sound Pressure-Time History, five meters to side, 9 mm MPK Walther Submachine Gun/

West German Silencer, Using Subsonic Cartridge and with Weapon and Silencer Wrapped

y = 83 phars/om

x = 0.5 me/cm

loom = 1 major division

Microphone: B& 4135

Ly = 114 db

Ly = 108 db

La = 116 db

14 = 118 db

y © 210 pbars/cm

x © 0.5 m3a/om

Loom = 1 major division

Microphone: B&K 4135

Ly w 95 db

Lz = 107 4b

Lg = 116 db

lg * 118 db
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ed M3 barrel (Figures 64, 65 and 66, and Table XIV) was
A silence
designed and presented to the Infantry Board for evaluation. Conciu-

sions from the tests were that the silenced M3 was quiet, but still

detectable at close ranges, A thousand silenced barrels were re-

portedly built and supplied for use by the OfÏce of Strategic Services

(055).

The Beil Laboratories silenced barrel consists essentially

of a drilled gun barrel and a silencing chamber surrounding and ex~-

tending beyond the gun barrel muzzle, Along its length, the gun barrel

has 48 holes (0.25 inch diameter) which are positioned in four straight

rows, During firing, some of the gases are bled off through the

holes, with a consequent reduction in the ballistic gas pressure and

the projectile muzzle velocity.

The silencing chamber is composed of two sleeves of

different lengths and diameters, connected by means of a reducing

bushing, The rear sleeve encloses a roll of wire mesh which sur-

rounds the drilled gun barrel; the forward sleeve, which extends

beyond the gun barrel muzzle, contains a stack of wire mesh discs.

The projectile passage through the wire mesh discs is 0.05 inch

in diameter.

The mechanical noise associated with firing the silenced

M3 submachine gun is substantial, if not dominant, As with the Sten

gun, it was found more realistic to evaluate the silenced M3 barrel

without the overshadowing mechanical noise. Consequently, the

sound results described herein were obtained with the silenced bar-

rel heid in a special single shot test fixture.* The following sound

records were recorded by an Ampex 351 tape recorder before being

transferred to the oscilloscope and the camera film,

Figure 67 shows a scope trace of the sound pressure-time

history of a standard caliber . 45 M3 barrel (7.5 inches long) fired

with a test fixture. The trace was recorded ten meters to the side of

the weapon. The two prominent sound pulses on the trace were due

to exiting of the precursor wave (pt 1, Figure 67} and the gas dis-

charge following the projectile exit {pt 2}, The two pulses were,

respectively, 115 and 130 db peak SPL,

Sound signature of the Bell Laboratories silenced barrel

and test fixture is shown in Figure 68. The main sound pulses were:

*See Figures 71 and 72
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TABLE XIV.
Silenced Barrel

Projectile

Weight

Diameter

Velocity (at silencer exit)

Energy {at silencer exit)

Travel at peak ballistic pressure (estimated)
Travel in barrel

Travel time in barrel (estimated)

Travel time in silencer

Propellant

Weight {HPC1, double base, flake, web~ 0,003 in.)

Chamber volume

Ballistic pressure

Peak

At gun barrel muzzle (estimated)

Silencer

Passage diameter (for projectile)

Free volume around gun barrel

Free volume in front portion

Yolume, rolled wire mesh (brass)

Volume, stacked wire mesh discs (brass)

Silenced barrel

Weight

Total length

Standard M3 barrel

Weight

Length

Standard M3 submachine gun weight (without magazine)

109

Caliber . 45 M3 Submachine Gun/ Bell Laboratories

235 gr

0, 450 in,

768 fps

310 ft-Ib

0,22 in,

7.4 in.

0.95 ms

0.69 ms

5 gr {+ 0.4 gr

primer)

0.061 in, 3

20, 000 psi

200 psi

0,50 in,

7,2 in, 3

2.5 in,3
2.9 in, 3
2.8 in, >

2.63 Ib

14, 2 in.

1.25 Ib

7.9 in.

8.1 Ib
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1 Precursor Exit from Muzzle 
Ly = 115 db1

2 Projectile Exit from Muzzle 
L 130 db

2%

3 Ground Reflection

Figure 67, Sound Pressure-Time History, ten met(standard, 7,5 inches long in Tese eae Caliber ,45 Submachine Gun Berrel

y * 23 pbars/om

x = 0.5 ma/om

Lom-+ 1 major division

Microphone: Altec BR 150

Tape Recorder: Ampex 351

(2) Primer Initiation Ly @ 93 db

2) Bleed Hole Blow-by Exit from Silencer Ly 3 107 db

Blow-by (at Gun Barrel Muzzle) Exit from Silencer L3 = 10% db

4 Projectile Exit from Silencer Lg = 107 db

Bleed Hole Blow-by Ground Reflection

Figure 68, Sound Pressure-Time History, 4,6 meters to side, Caliber .45 Bell Laboratories
Silenced M3 Submachine Gun Barrel in Teat Fixture



primer initiation (pt 1, Figure 68), bleed hole blow-by exit (pt 2},
gun barrel muzzle blow-by exit (pt 3), and projectile exit (pt 4). The
bleed hole blow-by {pt 2) and the gas di.
exit (pt 4) constituted the main noise sources of the system. Both

scharge following projectile

pulses had a 107 db peak SPL, The gun barrel muzzle blow-by re~
sulted in a sound pulse (pt 3) of 101 db peak SPL.

Although the Bell Laboratories Silenced barrel reduced
Projectile velocity of the standard M3 submachine gun from 920 of
770 fps, the projectile muzzle energy still remained a respectable
310 ft-lb. This is only slightly less than the energy of a caliber .45
Pistol and 50 ft-lb more than the energy of the tested $ mm silenced
Sten gun,

Toa subjective listener, both systems {Bell Laboratories
M3 and the 9 mm silenced Sten) sounded comparable in loudness,
However, each weapon had its own characteristic sound signature —
the M3, a mild clap; the Sten, a distinct hiss, A disadvantage of
the M3 is that the wire mesh tequires periodic cleaning and replace~-
ment,

AMF Silenced Barrel
em enced Sarrel

The AMF silenced M3 barrel (Figures 69 through 72 andTable XV) is an experimental item manufactured in the 1960!American Machine and Foundry Company [AMF}.
long gun barrel and a 1, 25 in, diameter Silencing t
and extends 9 inches beyond the gun barrel, Wher
rounding the gun barrel is not utilized, the front
forms the system's Silencer. This front section is filled through-out its length with closely stacked wire mesh discs, separated byfive irregularly positioned rubber discs, In the silenced barreltested at Frankford Arsenal, the projectile Passage through therubber discs was approximately 0.5 inch in diameter, Originaliy,these discs probably partially or completely closed off the silencerinterior. The gun barrel of the AMF system is 2 inches shorter thanthat of a standard M3 weapon. This, however, results in only aslight reduction in projectile velocity,

s by

It utilizes a 5.6 in,

ube which surrounds

eas the space sur-

portion of the tube

The AMF silenced barrel was tested at Frankford Arsenalwith a single shot fixture, shown in Figures 71 and 72. Figure 73shows the Bcope trace of the sound pressure-time history of the 5. 6inch
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Figure 70, Caliber -45 M3 Submachine Gun/AMF Silenced Barre]

ST
T

Figure 71. Assembly, Caliber .45 AMF Silenced M3 Subrnachine Gun Barrel
and Test Fixture



TABLE XV. Caliber .45 M3 Submachine Gun/AMF
Silenced Barrel

projectile

a Weight 235 gr
fs Diameter 0. 45 in,

a Welocity (at silencer exit) 910 fps

Pel Energy {at silencer exit) 435 ft-lb
5 {Travel at peak ballistic pressure 0. 22 in,

o {Travel in barrel 5.6 in,

4 Travel time in barrel 0.85 ms

6 Travel time in silencer 0.83 ms

§ Propeliant
n Weight (HPC1, double base, flake, web~0.003 in.) Sgr{+0.4gr

3 primer}

= Chamber volume 0,061 in.3
vo

g Ballistic pressure
Z Peak 20,000 psi

Int At barrel muzzie 1,600 pai

P=
< Silencer

BY Projectile passage diameter in wire mesh discs 0.50 in,

___ £ Projectile passage diameter in old

Fy rubber discs 0.50 in.

in Free volume (fornt of barrel} 4,9 in, 3
oe Free volume around barrel (unused) 2.9 in. 3
2 Volume, stacked brass wire mesh and rubber discs 4,5 in. 3

BS

Fa fs Silenced barrel
DO Weight 2,5 Ib

j 30 Length 15. lin,

Poms)

Ad Standard M3 barrel

Weight 1.25 Ib
Length 8,0 in.

Standard M3 submachine gun weight

(without magazine) B.1 Ib

Fig
ure
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Time between precursor and projectile exits

from silencer (estimated) 0,56 ms
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rrel without a silencer. The trace was recorded ten

meters to the side of the weapon, The two prominent sound pulses

‘on the trace were due to precursor wave exit (pt 1, Figure 73) and

ga® discharge following the projectile exit (pt 2}. The corresponding
peak SPL's of the two pulses were 113 db and 130 db,

jong euD ba:

Sound pressure-time history of the AMF silenced M3

parrel (with old rubber bafÏes) is shown in Figure 74, The first

gound recorded upon firing the system waa generated at the time of

primer initiation, The low peak SPL (~93 db) of this sound indicates

that it was primarily mechanical in nature. The next sound pulse

(pt 2, Figure 74) was generated when the blow-by wave exited from

the silencer, This wave, formed by gases bypassing the projectile,

resulted ina peak SPL of 127 db. Projectile exited from the silencer

approximately 0,65 ms later, giving rise to the positive pulse (pt 3)

of 121 db peak SPL,

In general, firing of the AMF silenced barrel was char-

acterized by a relatively sharp crack, perhaps only slightly quieter

than that of a standard caliber .22 Short pistol. Better acoustical

results would possibly have been realized if the rubber discs were

new, However, the system's loudness would probably still be limited

by noise due to abrupt emergence of the massive projectile. (See data

on 9 mm Welrod, }

CONCLUSIONS

The more important physical, functional, and acoustical data

of the tested silenced and unsilenced weapons are tabulated in Table

XVI. The peak SPL's of the various pulses in this table were taken

from the preceding sound scope traces. In cases where the sound

Scope trace was recorded at a distance other than five meters, the

data were extrapolated for comparative purposes.

Although in most weapons the major sound pulse was generated

at the time of projectile exit, there were some weapons (such as the

Caliber . 22 Frankford Arsenal silencer, caliber . 30 carbine, etc.}

which gnerated the largest pulse because of blow-by. Some weapons

119
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(with gun barrel bleed holes) generated a large sound pulse due to

bleed hole blow-by, In all weapons except the caliber .45 Bell Lab-

oratories silenced barrel, this pulse was secondary in magnitude,

The primer initiation peak SPL was found to vary from weapon

to weapon. There were even substantial differences between similar

weapons. However, since in most cases the largest primer initiation

pulse was due to gas leakage around the cartridge case, substantial

differences in SPL could be attributed to minute differences in car-~

tridge chamber clearance or simply to dirt accumulation in the weapon,

The highest primer initiation SPL was that of the 9 mm MPK (114 db),

The caliber .32 sleeve gun had the lowest initiation pulse with a peak

SPL of only 87 db,

For some of the silenced weapons, sound scope traces were

taken at various distances (1, 5, and 10 meters}, Although the data

are not included herein, it is worth mentioning that with some silenced

weapons the peak SPL readings at 1 and 5 meters were found to differ

by asmuchas 18 db. Thie is a 4-db greater attenuation than would be

expected from a simple sphericalexpansion. From 5 to 10 meters,

the peak SPL of some weapons was attenuated by nearly 7 db instead of

the normal 6 db, It was also noticed that with distance, some changes

occurred in the general shape of the various sound signals, In each

case many of the short sound pulses tended slowly to coalesce, thus

defining more and more cleariy such pulses as precursor, blow-by,

etc.

The above effects can be attributed to the fact that high sound

pressures propagate at a slightly faster velocity than lower sound

pressures,* Although the phenomenon may bear little significance

in general acoustics, in Frankford Arsenal tests it was found sufÏ-

cient to induce a slow, but noticeable, change in the shape of the

various major pulses toward that of a balanced N-wave.

Throughout the sound tests, efforts were made to note how each

weapon sounded to a listener, particularly in terms of quality and re-

lative loudness. These impressions were later compared with the

corresponding sound scope traces, Although, at most, only several

listeners were involved, the consensus is nevertheless interesting,

Almost invariably sound signatures with one or several shock pulses

*See Appendix C

122

sounded sharp and snappy; the signatures containing a large number

of pulses or simply more "hash" also sounded snappy, but less

sharp, more prolonged, more mufÒed, and more random in quality,

Sound signatures which were predominatly "hash" (such as those of
the Sten, Maxim, and carbine) sounded like an abrupt initiation of a

piss {or hish), All sound signatures containing distinct and recog-

nizable shocks seemed more piercing.

Although the quality of each sound signature was definitely rec-

ognizable, the primary factor determining the relative loudness was

found to be the signal's peak SPL.* Whether by coincidence or design,

the weapons with higher peak SPL almost invariably sounded louder

and rhore perceptible. This, of course does not discount the fact

that there may be other dominant factors affecting a given weapon's

detectability at large distances, As an example one could consider

the faster attenuation of short pulses with distance,

Compiled experimental sound data indicate that the better si-

lenced systems registered a peak SPL of approximately 110 db five

meters from the weapon. In most weapons, the main sound source

was the abrupt discharge of propellent gas. In some weapons {those

with flexible bafÒes} the noise due to gas discharge was relatively low;

however, the abrupt projectile emergence at the muzzle generated a

noise just as undesirable. The precursor wave of an unsilenced

weapon generated a peak SPL in the vicinity of 120 db. Most of the

straight-through silenced weapons tested attenuated the precursor

down to about 90 db, The mechanical noise was found to depend on

system design, In some of the quieter weapons, mechanical noise was

in the vicinity of 90 db,

Evaluation of the compiled experimental and theoretical data

indicates that a silenced system quieter than the weapons tested at

Frankford Arsenal is feasible. However, a system with noise level

below 90 db at five meters will most likely evolve gradually and only

with a fuller understanding of the noise-generating mechanisms.

RECOMMENDATIONS

1, Conduct analytical design of an optimum silenced small arms

weapon based on experimental and analytical data generated to date,

*See Appendix F 122
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APPENDIX A

BALLISTIC CRACK FIELD

When a supersonic projectile exits an unsilenced gun barrel,

the uncorked propellent gases generate a spherically expanding blast
wave, The wave initially bypasses the projectile; however, dissipating

rapidly, it slows downto almost sonic velocity and is overtaken by
the projectile within a matter of a few feet from the muzzle, Later,

in the free far field, the initial projectile lag is overshadowed by the

linear geometric expansions, and projectile, muzzle blast, and bal-

listic crack acquire approximately the proportional relationship shown
below.

MUZZLE BLAST ——. \

MUZZLE BLAST PASSED

OVER BY BALLISTIC

Here the aound field consists essentially of ballistic crack, muzzle
blast, and muzzle blast passed over by ballistic crack. ‘The accous-
tical significance of ballistic crack and muzzle blasthave been pre-
viously considered* It only remains to mention that the section of
muzzle blast wave, having been passed over by the ballistic crack,

—.

*See Appendix C and Reference 46,
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is seen that, with the usual supersonic projectile velocities,
it is 5essentially suffers only slight refraction and scattering by turbu- qhus, it is ck ig confined to approximately a 130° cone to the

“eee the ballistic re m. The cone increases to i60° with projectile
. weapon. 

100°,

far fi dallisti k i ly tangential t front ci eper of 6. At Mach 1.5, the cone detreases to about
In the far field, the ballistic crack cone is nearly gential to Mach @ yt vanishes altogether.

the blast wave sphere. and at Mac!

above data find applic v n
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where M = projectile Mach No.

The azimuth angle from the weapon to the tangency point of

blast and ballistic wave envelopes is expressed py:

@= tan-l Gime -1) (2)

The plot of the ballistic crack field half-angle, 6, is shown below.
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APPENDIX B

SUBSONIG PROJECTILE FLIGHT NOISE

Subsonic projectiles generate noise in flight. Although this

noise is much quieter than that of supersonic projectiles, it can be

quite loud and detectable at large distances from the projectile

trajectory, To the side of the passing subsonic projectile, one hears

the characteristic swish; first increasing, then diminishing in in-

tensity, Although this noise, like all turbulence-initiated noises, can

have a seemingly random quality, in the far field it is generally found

to be periodic, Its frequency depends primarily on the flow velocity

and the diameter of obstruction in the flow; however, as will be seen,

several other factors must also be given consideration, A typical

subsonic, small caliber, flat based projectile generates about 95 db

peak SPL at 10 meters from its trajectory. In comparison, the

more streamlined projectiles are generally found substantially

quieter,

The basic noise-generating mechanism of subsonic projectiles

consists, briefly, of the following. Throughout the projectile flight

a certain amount of air within the turbulent boundary layer follows

the projectile, (See simplified figure below. }

RS DETACHED VORTEX

The velocity differential between the surrounding air and the air

traveling with the projectile generates shear forces which accelerate

the air within the boundary layer into a vortical spin. The attached

spherical vortex size increases simultaneously with increased spin

until the vortex is finally washed downstream, Thus, the amount of

air traveling with the projectile decreases and the process repeats,
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The energy of the attached spherical vortex2? propagating at

the velocity of the projectile is

Ey as ba b3 py Vv" o

where

b = vortex diameter, projectile wake diameter;

Pot air density;

¥ = projectile velocity.

The energy expended by the projectile to generate a single vortex is:

Eye (Cp oat Po vey (2)
2 f

where

py V2

uCp

f

projectile wake area drag coefÏcient, P,/.

projectile vortex shedding frequency,

Upon equating the above two equations, it is found that

ACh, ¥
Ge) z @)

Thus, the projectile vortex shedding frequency acquires the familiar

form of Strouhal frequency, f = (const) V/b. For flat tailed projectiles,

Gp has a typical value of 0,2. When the flow is fuliy attached, which

is the case with projectile boat tail tapers not exceeding about 15°,

the wake diameter can generally be assumed equal to that of the pro-

jectile base flat. If the flow separates before the tail end, then the

wake cross-section area can be taken as approximately the average

projectile area between tail and point of separation.

Representing the sound generating projectile as a moving

monopole source, the far field sound pressure to the side of the pro-

Jectile becomes

(4)
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where

y = distance from projectile trajectory;

a2,

d 7 = time change of air mass flow rate,from and toward
t

projectile,

The sound pressure,as a function of time,can be represented by

P = Pp, Sin 2nft (5)

where

Pry = peak sound pressure;

t = time.

Combining Equations 4 and 5 and integrating, the air mass flow rate

at the projectile is found to be represented by

()-- orem cos 2nft, {6)

Integration of above equation over a time period of half a cycle yields
the periodic change in air mass attached to the projectile as

Thus, the peak sound preasure as a function of frequency and period-

ically transferrable mass becomes

ni2m
Pm = Gr (8)

But,the transferred mass at the projectile is that of the spherical

vortex; i.e. ,

Me. »3 io
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Combining Equations 3, 8, and 9, the peak sound pressure generated
by the subsonic projectile is found to be

sgn? bGpe0v"
Pm ~ 7200 r {10)

Thus, knowing the projectile shape and velocity, Equation 10 may be

used to estimate the peak sound pressure. Comparison of such
estimates with experimental data available to date* from a few

variously shaped projectiles indicated reatively good agreement,

——

* Unpublished Frankford Arsenal data

131



APPENDIX C

GUN MUZZLE BLAST

In the far field, a noise generating tube can often be treated

asa simple acoustical monopole source;26, 34 that is, its sound
diverges as a symmetrical sphere, This is most readily borne out

by the schlieren photographs of discharging shock tubes and abruptiy

uncorked pressurized cylinders (including small arm weapons), 5, 18

Each of these cases almost invariably shows the initial shock expanding

spherically from the tube mouth, It may naturally be further inferred

that the air or gas behind the expanding shock also moves spherically

away from the source.

Physically, a monopole source can be envisioned as a spherical

baloon expanding or contracting uniformly in all directions, thus gen-

erating sound pressureswhich also diverge unifgymly in all directions.

The far field sound pressure for such a source” is given by

p= ge (£2)
dt2 “ty

p = far field sound pressure

'o = ambient air density;

r = distance from source;

Q = volume of ambient air being displaced by source;

t = time.

Algebraic manipulation and integration of the above equation yields

[rat = 2 )
4nr \ dt {2}

a
p

w
e

" instantaneous air volume displacement rate at the source;

rae = cumulative area under the sound Signal's pressure-
time trace.
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With a source {such as a porous sphere, a nozzle, etc.) of constant
emitting gas, the air displacement depends on the quan-

ischarge area

di discharged and on how this gas expands from dischargetity of gas being

-to atmospheric pressure, ln cases of interest the expansion process

ly very nearly isentropic. Thus, the instantaneous air

placement rate can be expressed by

Poul?
(2) = (e)' Tay 3)

is general

volume dis:

where

= absolute pressure of gas at discharge;

o
u

 
t
s

= ambient air pressure;

= gas ratio of specific heats;

gas discharge area;P
x

it
)

t

u, = gas flow velocity at discharge.

The sound signal pressure-time area becomes related to the

source gas flow parameters by

(4)

Thus, it is seen that the cumulative sound signal impulse is directly

proportional to the volumetric air or gas flow rate at the source,

That is, the positive and the negative sound pulses represent, Te-

spectively, an increase and a decrease in gas flow rate. Further,

since a given increase in gas flow must eventually be followed by an

equal decrease in gas flow, it follows that a transient signal must

necessarily consist of both a positive and a negative portion, Each,

however, may be variously distributed throughout time. Although

Equation 4 is sufÏcient to describe the sound field due to change in

gas flow over a finite time, it is insufÏcient for application to prob-

lems involving abrupt initiation or cessation of gas flows.

Consider a point source of spherical discharge area, A,. If

the source abruptly starts and continues discharging gas at a steady

rate, a sawtooth sound pulse will emanate from the source (see

Sketch).
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Steady flow conditions will be established behind the sound pulse
where gas flow rate will be 

,

ApPeup = Apu 5)

where

Ay = source gas discharge area, 4nb2;

P, = gas discharge density;

uz, = gas discharge flow velocity;

area, density,

source,

P 9 fo 0
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and flow velocity at some distance from the

If, at the source, the discharge conditions are supersonic, i.e,

flow velocity is equal to local sonic velocity, then in the range

-b <x <Xor

py,liv

PB (s) (6)

and

(2 { S (7)ues “than, = uy Br)

From Equations 5, 6, and 7,

oy

Ay VFI
Pe « Garaz) @)

and

-1A, of
=< T 9u = a (by (9)

where

P, = absolute pressure of gas at discharge;

ap = discharge sonic velocity;

x = distance from center of source;

P,a = absolute pressure and sonic velocity at some distance, x,

from source.

At distance x, from the source, the gas will have fully expanded

to atmospheric pressure, At this location, x = xo,

P=P. {10)
o

¥rom Equation 8,

7 yt+l1

Aty Pi [A
xo Nae LP. {11}

o
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and from Equation 9,

y

a= a fae)
on TP (12)

where

Ug = flow velocity at pt x9,

PS = ambient air pressure,

Beyond the distance x,, th i
; ‘Oe © g28 remains at constant d iatmospheric pressure. Thus, for Xo sx, me Sensiey an

P=P, (13)

'PP=p =)ie a4

ax oy fF (PY AL
a Als) = lp) (gee 45)

Integrating Equation 15 for the boundary conditions of x = X_ at
t=0,

Rd3 vt 3y-2

x = x, [ove of. AL Pe av suyft (Po 4Y eed| x, =“\ar | PS ay F, (8)

and

Py \Ysb
a

a= —CTT

3ugt 2430 w- a7
[| [> (=) aN t+ iP

t

which describes the location and velocit
particle with time,

and

i 
y of a given discharge gas

Consider now an abruptly initiated gas flow

136

and the air particles immediately in front of the advancing gas front,

The air velocity and location can be described by Equations 16 and 17,
The pressure of the air is related to its velocity. Thus, if itis assumed

that the air acquired its velocity by virtue of a passing shock, 29 then

the overpressure will be given by

AP = y+ P 2 8
= —_—__,}a Y oM fl +, fl + F ny (18)

M = u/ag, air flow Mach No.

where

AP = Static gauge pressure.

For M=1, the overpressure may be estimated by

ytl

2

If it is assumed that the air in front of the advancing gas front acquired

its velocity through insentropic wave compression, then the over-

pressure can be expressed by

AP v¥P M2 a9

2y

aP = P Petey (20)
°

2

For M <1, this overpressure may be estimated by

AP ws ¥PoM y

Whichever case is assumed, shock or isentropic wave compression

(the actual case will be someplace between the two), it is evident

that a reasonable overall representation of the overpressure in

terme of velocity is obtainable with

k2
AP ~ k)M {22}

where

k, and ky = appropriate constants.
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Now, a spherical pressure wave diverging from its source can be substantially larger than 1, and the sound pressure can be cstimated by

described by

AP;
p=—— (25)

r {23) pe

where

aP = over: i i= pressure at given distance x from center of source: Taking the time t as the representative time period of the sound

Pp = overpressure for sound pressure) at distance re pulse and rearranging Equation 25,

Substituting Equations 16, 17, and 21 into Equation 23, the far field 3 3 an =sound pressure due to abrupt initiation of gas flow becomes (2m ) x, (2) ee(z: aya2} xX am =

YPgXotto ta: LP = py San \Pod (26)
= Pim “ ETvN Sug

es 3ugt 73 ~ [aac 1/3 (4)a,-| <2 + | | ran If the time period is established at a constant pressure ratio{Pm/P),
° *o then it will depend only on the source discharge area, discharge pres-

. \d discharge velocity, and can be expressed, generally, as
Equation 24 describes a famil i sures ,y of curves depending o i v1(ug/xe) (see sketch below}, 2g on magnitude of \ee(% ) Wy

an \PoTe. an 2 (27)
(/Py) Up

where

Cc = an arbitrary constant,

This equation is seen to be similar in form, tg the "Strouhal" frequency

except for the additional factor (P,/Po) a am It is to be noted that
the sound pulse duration remains relatively independent of the equation

used for relating the air pressure to its velocity, The only prerequisite

is that it is of the form described by Equation 22.

Some insight into the above problem is to be gained by con-

sidering the nonlinear propagation of strong sound pulses. 13 Con-
sider a relatively strong sawtooth sound pulse (shown in the following

sketch),

Tt can be seen that in each case the sound pressure decreases
exponentially with time, The rate of decrease, however, dependsthe characteristic flow parameters of the source, Except at the ti mewhen the sound pressure is very near pm, the factor 3upt/Xp is ame
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er | T .

By virtue of higher pressure, the
faster than the pulse tail {point 2)
is :

shock front (point 1) will progagate
The velocity of the shock front

Cs = ag [1+ vt 1) Pm
ay Po (28)

Th ipulse tail, of course, Propagaics at approximately ambient sonicvelocity, ag. Due to this velocity differential, the pulse will tend toStretch out with time {and trav iel}. Change in the pulse ti ican be represented in differential form by , sme auration

ar - Yt) _Pm yg,
4¥ Poag 

(29)
Corresponding to this increase in
pressure will decrease,

the relationship between p

represented by

pulse time duration, the peak sound
For the spherically expanding wave front
ulse pressure, duration, and travel can be

T rsT rPm Pmt) (30)
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where

T, and py, = pulse duration and pressure at some reference

1 1 location, ry;

T and Py pulse duration and pressure at some location, r,

Solution of Equations 29 and 30 indicates that the instantaneous peak

gound pressure of a sawtooth pulse can be represented in terms of

its travel by

Pmiti (31)
Pm =

TM r [+ Pmitl in ()e
2y Poa oT] CS |

The sound pulse tinmie duration, as a function of travel, is

1/2
pet.(v¥ti Pmt in (“J+ (32)

1 ay” Poa gt =
ool 1

Thus, it is seen that the relative time duration of a sound

pulse with long wave length and small amplitude changes little

with distance from its source. On the other hand, short sound

pulses, especially those of high amplitude, can significantly incrase

in time duration. This time increase is accompanied by a proportionate

decrease in amplitude beyond that of the simple spherical expansion.

Consider now a long pressurized cylinder (sketch following}

containing a gas. Initially, the gas is at some absolute pressure,

Pi, and absolute temperature, Ty. Initial velocity of gas is zero.

As the cylinder is suddenly uncorked, a sawtooth sound pulse emanates

from the mouth of the cylinder while a rarefaction wave travels in-

ward, Until the rarefaction wave reflects from the bottom of the

cylinder, the discharge conditions at the tube exit remain relatively

constant and dependent on the initial gas conditions,

If the initial sound pulse due to abrupt initiation of gas flow is repre-

sented by a right triangle of amplitude, p,,,and time duration, T, then

TJoa i =m. {33)
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and subsonic conditions prevail at the tube exit, i.e., locally, flow

velocity i8 emaller than sonic vere: e ytl 2yft¥-1)
. If the initial gas pressure is P) = o( z )

2¥

2 37P= Pl g2)yea ~ .28P, 7)

(38)
a, =

In this case the gas is discharged at a velocity just equal to its local

sonic velocity. This is the usuai case found in unsilenced (and most

silenced) weapons, as here the pressures encountered are generally

above critical, From Equation 27 the time duration of the sound pulse

due to uncorking of a pressurized cylinder is

3¥-1

at) *
T=k —#0 (39)

uy

where
and, from E i, quation 4, the peak sound pressure becomes 

diameter ot the cylinder;ds

k » 3, an empirical constant.
Bm © Po (2 i

amt \P5: Ague (34) Combining Equations 34, 37, 38, an 39, the peak sound preseure due
wh, Ay P to an uncorked cylinder becomes

ere d : .» Py, and u,are, r 2 2sure, and velocity, t espectively, discharge area {nd /4), pres- y¥+il
——____. 5-3

. av-l) pg Py \ 4¥—
Gas discharge from the cylind i = 2 2 T 7 (40)ylinder depends on the initial iti 2,29 P, Y ~~ =) >+ gas Conditions, “>

fA < Po(t44)/y-1 x 3,.6P,, TM ed ser \T, /\ PL

Pe= P, .t ° (35) and it seen that the peak sound pressure is directly proportional to the
¥~1 initial absolute gas temperature and only weakly dependent on the2ay PB 2a. iT pave! a aa “ny

UW = h-(2 Yor Oo fr1 -( 2) ay initial gas pressure, as long as it is above critical. However, since

{¥-1) Pi (y-INT BP) (36) in the gun,high pressure is generally accompanied by high temperature,
the peak sound pressure is not completely independent of the initial
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cylinder pressure. If it is assumed that
Was compressed isentropically to its initial condition, thenTy = Ty (Py /Py) Y-DAY, and Equation 4 0 can express the peaksound pressure in terms of aly the initial cylinder pressure. Theresultisthat py on p, 4 - This seems to correlate reason-ably well with experimental date available to date,

the gae being discharged

The sound pressure field of the uncorked pressurized cylinderis directional, pressure bein,ig higher toward the front and lower rear-ward. Directly to the side, itis approximately a representativeaverage. This directional effect can be approximately represented by

P.
Pm’ = ——~ = 

(41)[. -—t cos 9
n

where

Pra = peak sound pressure at given aximuth angle, 8;
ME = u/a,, discharge Mach No.;

n = constant equal to approximately 23

Py, = Peak sound pressure directly to the side.

And the peak sound pressure level at given azimuth angle, of course,becomes

{42)
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APPENDIX D

GUN SILENCERS

i i sisting of a gun barreli typical silenced weapon, con:

hoon 2 bafÒed silencer of volume vz (see sketch below).
of nny a cle, the projectile is accelerated by the high pres .
Doe a the barvel Following this, the projectile travels ae eae y

. : i i cerds into the sileni while the propellent gas expan “it
the sean projectile. Just prior to exiting from the gun ye poo pee e

behing at pases are typically in the vicinity of 2000° Fan .
propeile

gases in t

During its expansion into the silencer cavity, the Propelient
a8 mixes with the air contained within the silencer, are

originally at ambient pressure and temperature, 8 ea sed

cree eres on Eee em. ‘Sith the silencer volumeical silence * ¥

of the order of 20 times that of its gon barrel, the Cation oe
Within the silencer just prior to projectile exit are of ee neably),
of 60 psi and 300° F. The projectile, being manner the. Tost

travels through the silencer at a velocity close
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& enn
how quickly the pas behi: d the projectile expands into the silencer

projecti

m the following graph which sh
t th 

ows theshock, Sonic, and flow velocities of air or 8&5 similar to aia function of pressure, 
Cane 88
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projectile exit will be
i\iiy v2 y

> Po, + vy
P2,=Po 1)

2 1472
“1

which can be simplified to
ify

€:) “yy
P, v

° +1
PS Rs Py Tw (2)

¥v

1

where

P_ = absolute propellent gas pressure in gun barrel at the

1 time of projectile exit from gun barrel.

Po = ambient air pressure {14.7 psi};

v= silencer volume;

4 = gun barrel volume;

= ratio of specific heats for air and propellent gas (actually

for air, y = 1,4; for propellent gas, y ~ 1.2).

Similarly, the absolute temperature of propellent gas in the silencer

at the time of projectile exit is

PN {v2 aw-D
Past \%1

= Lot A TF (3)
m7 vo\/ Pi\ ly

=r

i= absolute temperature of propellent gas at the time of

projectile exit from the gun barrel.

where

T
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OO,

The abpolite temperature of air compressed in the silencer is
(PL/PoNiy

T2 War) » which is very nearly equal to Tz. Thus, the

air temperature may be assumed to be the same as that of propellent

gas fi-e., that given by Equation 3),

Projectile exit from the silencer will be followed by an efÒux
of gases. Ii, at the time of this exit, the silencer pressure is

I

PsPoft il) AY- 1.9 Po, then

Py = Py (4)
and

yl -
wzfPeali- Po 7 Z 2h P, 1 (5)t =1 72 BR P\IT 30 “>¥ P2 v ° P2

where Pp, = absolute discharge pressure;

2%, = discharge velocity;

a, = sonic velocity within silencer at time of projectile exit;

a, = ambient sonic velocity,

T=° absolute ambient temperature.

In this case the discharge conditions will be subsonic; that is, gas
flow velocity will be lower than sonic at the Point of discharge (1m
<a,). If, on the other hand, the silencer pressure at the time of
projectile exit is P22 Py Cet) (vy 1.9P,

then ¥

42 ytl
PL =P. 

{6)t 2 os 1 )
and

2a 2 2 (7)uo cad 2at yr 2 (a NTS
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the discharge conditions will be supersonic, with the flow velocity
Now being equal to the local sonic velocity (u, =a,). This,
at discharge typical condition to be expected in most conventional

in fact, #8 ne ph projectile exits from the silencer, the abrupt un-
eae of internal pressure will generate a sawtooth sound pulse.
cor

The time duration of this puise is given by Equation 39 of Appendix

c, | 3y-1 :
i Pe

tT: kd\ Po (8)

: Ut

where

k = 3, an empirical constant;

d = silencer exit diameter,

The peak sound pressure of the sound pulse is described by Equation

23 of Appendix C,

eo, {Pr\ily 9)P= se | Aput

m 2nrT fs}

where

Py = ambient air density;

r = distance from the weapon;

A, = nd2/4, silencer discharge area.

Combination of Equations 6, 7, 8, and 9 yields the peak sound
pressure of an abruptly uncorked silencer, to the side of the wea-

Pon, as

ytl 5- 3¥

P 2_\ Hy=1) YPod /72\/P2\ ay 10)
m= ytl 8kr TT, \Po :

P2 ana Tz are the absolute silencer pressure and temperature,

respectively, established by Equations 2.and 3.

where
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If the silencer temperature is related to the silencer pressure
T2= Ty (P2/P,)- DA, which is not an unreasonable estimate, then

Pm =o pzlvtl)/4y, The peak sound pressure level of the uncorked
Silencer (from Equation 10) can be described as

r yl 5-3y"
‘( a ( ay

: 

° 

i

Ly, = 29 log : ql

- 0002 |

Itis interesting to note the effect of heat absorption in the silencer
on the peak sound pressure, If, similarly to the above, the silencer's

pressure is related to its temperature by Pou Pg(T2/T,Y- HAY, then
the peak sound pressure can be expressed as a f fÏon. of only the si-
lencer temperature, which gives pp, om T2AN VY -) 0 with maximum
heat absorption in the silencer, temperature Tz wili have been reduced
to ambient temperature Tg. From Equation 10, the attenuation of peak
sound pressure level thus to be attained ina typical silencer is in the
vicinity of 6 db.

A certain amount of blow-by in a silenced system is unavoidable,
Since, for the sake of system accuracy, a clearance must exist between
the silencer and projectile, some propellent gas usually bypasses the
Projectile in the silencer, The effect of this blow-by on gas discharge
from the silencer immediately after projectile exit can be surmised
from the following.

The gas discharge following projectile exit from the silencer is
primarily dependent on the quantity of gas contained in the system at
that time, which, in turn, is determined by the percentage of gas lost
through blow-by. The percentage of gas lost can be represented by

(= ). I ‘Aeu,) de
m P2 (yy) + ¥3)

gas m2ss lost through blow-by during time projectile
traverses silencer;

(2)

S a 4 © e 3 "

m = initial total mass of gas in system;
t = time;

P2 = gas density in system at time projectile exits sileacer,

The duration of blow-by is limited to the time it takes the projectile
to traverse the silencer. If, during this time, a constant and unre-
stricted (maximum) gas flow rate is assumed, then
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L

13}i, {A,Pruddt = ApPeugt (13)

where

AL = silencer discharge area;

Oy, = discharge gas density;

uy = discharge gas velocity;

t = time it takes projectile to traverse silencer.

With maximum discharge conditions,

2 Viy-1

. ayP= P2 (4 :)

_ ft, ft (15)

Me TVET OV TS

The silencer discharge area is approximately

y {16}

vy = volume of gun barrel;

length of gun barrel;

b
e

"

it takes the projectile to traverse the silencers is

4 an

4, = silencer length;

M = projectile Mach No,

With these definitions, Equation % reduces to
vt

2 2ty T2

(@) /Mf +E)
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Substitution of typical quantities into Equation 18 reveals that,

within the time restraint, the maximum percentage of gasa typical

silencer can lose through blow-by is in the order of 5 percent,

From this it may be concluded that the blow-by has a very smaii

effect on the gas discharge occurring at the time the projectile exits

from the silencer,

Examination of Equation 9 reveals that the peak sound pressure

is inversely proportional to the tirne duration of a given sound pulse,

In a system where gas discharge is initiated slowly, the sound pulse

time duration is governed by the time it takes the system to reach a

given discharge rate rather than by the system’s maximum discharge

rate {Equation 8), Thus, it becomes evident that the longer the

system takes to reach its maximum gas discharge rate, the quieter

it will be. Practically, it means that it is desirable to start the gas

discharge from the silencer slowly and early in the process, gradually

increasing the discharge to when the projectile exits from the silencer.

if it is assumed that the gas discharge from the silencer can be initiated

at the time projectile exits the gun barrel, the time restraint is im-

posed by the silencer length and projectile velocity. The time in

which the discharge can increase from zero to maximum wili be

T 42, 
19)

" gM ° {

With this time period {and Equations 6 and 7}, Equation 9 gives the

peak sound pressure as

ytl

= 2 Vv

yi Baar \Tof} \Po

This relationship gives the minimum peak sound pressure of a system

whose gas discharge was initiated gradually, rather than abruptly.

Comparison of this equation with Equation 10 and substitution of typ-

ical system quantities reveals that attenuations of as muchas 15 db

are obtainable with the controlled discharge technique,

Attenuation of a precursor wave in the silencer is somewhat

different from that of a blast wave, Whereas the latter involves high

pressures which present a formidable pas mass transfer problem,

the former can be expected to expand through the silencer at almost
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This allows the assumption that the re-

x within a properly designed silencer will

he forward wave front. In a properly

her silencer components would

pherical expansion cf the
with

onic velocity.

ithe precurso:

i fiect on t
ractically no &

ane Ped silencer, the bafÒes ox ot a

oe has would not impede the natura rical expansion

be oe iront within the silencer. Example of this
«wave

th: rearward-slanted, conical bafÒes.
2

ambient 5

flections ©

barrels identical in ali respects except
i twe gun

Consioen oped . lencer {see sketch below).
t one is equipped with a si

P3' 
yt? |

tha!

ated in the gun barrel will
ene

In the first case the precursor wave § rated in the oote sound

be wnattenuated. At some distance T, in
pressure will be

P2t2 
(21)

where

42 = silencer length;
i zle,

precursor sound pressure gaugeat distance % from gun muz:
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In the second case,
(spherically) in the si
At the front end of th
an absolute Pressure, which can

Expansion of this equal
duces the flow velocit

2 Silencer,

uw ¥8(¥-1) _20
yPo

(guage

Pz
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tion and elimination of lower
¥ to

Corresponding to this flow velocity
) at the silencer exit will be ,

ay

the discharge pressure

{27)

The attenuation of the precursor,in decibels,is

P3' 2AL = 20 log (3) = 20 log y-1 2 (28)

Substitution of typical quantities in Equation 28 indicates thata
properly designed silencer, approximately 6 in, long and .35 caliber,

can be expected to attenuate the precursor by some 30 db,

An interesting prcblem presents itself in considering attenuation

of the silencer type shown in the first diagram of the following sketch.

Here, the silencing volume is separated into two chambers, one in

front of and one surrounding the gun barrel, A bleed hole (or series

of bleed holes) leading to the surrounding chamber is provided in

the gun barrel, As the projectile passes the bleed hole, the propel-

lent gases in the gun barrel expand into the surrounding chamber.

When the projectile exits into the front silencer section, the pressure

in the gun barrel decreases and the gas flow in the bleed hole re-

verses. If the bleed hole is sufÏciently small,then, because of the

greater initial pressure differential, gas flow will be faster into the

surrounding chamber than out of it. This technique is capable of
substantially reducing the pressure in the front silencer at the time

of projectile exit, An optimum exploitation of this technique would

be to introduce a one-way valve in the bleed hole leading to the

surrounding silencer cavity, Consider the silencer with a relatively

large bleed hole, so that gas flow into and out of the surrounding

chamber is relatively rapid, The gas expansion processes will be

very nearly isentropic so that the silencer pressure at the time of

Projectile exit from the silencer (from Equation 2) will be

(2) iy v
Po

(3) + {29)
¥1

P,! wm Po
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where

P_ = ambient air pressure;

Py = pressure in gun barre] just before bleed -off;

v_ = volume of gun barrel before bleed-off;

v, = volume of silencer chamber surrounding gun barrel;

Va = volume of front silencer chamber.

in a silencer with a bleed hole valve, the expansion process up to

the projectile exit from the gun barrel will be similar to that above,

Beyond this point, however, the gases remaining in the gun barrei

will expand into theforward silencer section while the gases in the

surrounding chamber will be trapped pending possible slow reiease.

isentropic expansion up to the gun barrel muzzle gives the gas

pressure as

r

‘@y ft
i \®

Pe P| = +3 (30)

2

(©)
Expansion of the gases remaining in the gun barrel into the forward

silencer section gives the silencer pressure as

ay |Pits Pi} Ataf 43 (31)

(F)
1

This, combined with Equation 30, gives the silencer pressure at

time of projectile exit as

ly ¥

(a) (F)
Solving for minimum P3", it is found that the greatest reduction in

pressure occurs when

P," = P,

+1 (32)
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tities found in silencers into Equation 33
ituti £ typical quant i the surroundingSubstitution ° : imum attenuation, the

rder to obtain maxim that of the for-jndicates that in uld be approximately 0.7 times
sho . .

nilenceTM See e he difference in attenuation of the silencer with a
ber. . 5 be estimated*ward cham : Jumetric silencer can be

d the simple volumpleed hole valve an

from

Par pov + Lay (34)

AL ~ 20 log [5

"are as defined by Equations 29 and 32, Ina silenced
i d silencer-to-gun

1 pressure of 2500 psi an ‘ : :

¥ 20 the bleed hole valve technique yields approx
‘ tion in peak SPL. The technique can

mall volume silencers and less

where P;' & P,

system with gun barr

barrel volume ratio 0

imately an additional 4db attenua ,

be expected to be more effective with 8

effective with larger ones.

>

*

See Equations 10 and 11,
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UniTep STATES PaTENT OFFICE.

READE MACON WASIIINGTON AND ALFRED WILLIS CAPY, OF DALLAS,
TEXAS, ASSIGNORS OF ONE-FOURTU TO SAID WASHINGTON.

ATTACHMENT FOR BARRELS OF FIREARMS,

SPECIFICATION formmg part cf Aalters Patent Wo. 868,084, dated October 2, 1900.
Application Ged Jexonry 6, 2899, Barial Bo, 701,049. (Bo mods)

To all whom it may concern:
Be itknown that we, READE BACON WASH-

INCTON and ALFRED Wi.Lis CaPy, of Datlas,
in the county of Dailas and State of Texas,

§ have invonted a new and useful Attachment
to the Huzrels of Fircarma, of which the fol-
lowing is 4 fall, clear, and oxact description.

_ Oue object of my invention isto provide a
aimple, light, yet durable devica adapted for

© altachment bo the inuzzlesof rifles, muskets,
and other arma adapted to fire ballets, and to
30 construct the attachment that it will mx-
terially wodify or entirely Prevent the noise
made when a weapon is discharged, and will

5 also art losnppress thesmoke alimostentirely
wher black powder is used.

A further ohject of the invention is to at-
tain the ends above set forth without impair-
ing the power or accuracy of the weapon.

o The invention consists in the novel con-
struction aud combination of the several
parts, as will be hereinafter fully sat forth,
aod pointed out in the elaime.

Reference isto be had totheaccompany
5 drawings, forming part of this specification

in which similar ebaracters uf reference ‘adi.
cale corresponding parts in all the digures.

Figure 1 is a side elevation of arifle and
the attachmeut applied theretu. Fig. 2isa

© longitudinal section through the attach ment,
drawn on a larger scale than in Fig. 1, and
also a longitudinal section through thas por-
tion of the barrel to whieh the attachment ia
applied; and Fig. 3 iy a trausveree vertical

5 ries taken practically on the line 3 3 of

A represents acasing, whichis usvatly made
oval in eross-section, as shown in Fig. 3,
This casing is provided with » collar Watthe

® rearend of ita body portion, and thesaid eol-
lar ig adapted to be screwed Upon or otber-
wise attached to the forward or muzzle end
of the barrel A‘ of a gun, as shown particu-
iarly in Fig. 2, At the rear lower. portion of

5 the body-easing Aa tubular exteusion tl is
formed, which is ugnatly circular in eroas-
Section, bol may have other cross-sectional
fentour. The extension 11 from the easing
is adapted to extend rearwanily beneath the

. barrel & becessary distunee. when the casing
ig attached to the barrel and+is fastened to

the barrel by a strap or its equivaleat, In
order thas the extension LI of tbe body and
in fart the chainber in the body proper may
de readily cleaned when desired, the rearend 55
Portion of the extension 11 isclosed bya plug
12, serewed thereia or atherwise detachably
secured in place. The upper sorface of the
easing A is flush with the corresponding sar-
ince of the barrel in order that the sight of $0
said barrel shall not beinterfered with. The
space withia the casing A ead the extenrion
11 anay be tormed an “ expansion-chawber;”
bnt certain portions of this expansion-cham-
ber are shut off, aa will be hereinafter stated. 65

The body-casing A is adapted to receive a
cap B, the cap being at the forward or deliv-
ery oad of the casing, and this capis adapted
toslide within the body-casing and is held in
‘ebgagement therewith in any approved man- yo
aer—se, for example, thrvugh the medium of
spring clips or tungnes 13—as khown in Figa.
land 3, The inmer face 14 of the cap Bis
inclined, the ination being from the ap-
per edge dowawardiy and forwardly, and the 75
inner-face of the exp is open from a point ator
near its bottom to « pointaearthetop. The
upper portion of the inner inclined face of
the cap B is provided with a deflecting-plate
15, and the said deflecting-plate hasan open- Bo
ing 16, the canter of exid opening being in
iongitudinal alinement with the axia of tha
bore A’ of the barrei_

Immediately forward of the opening 16 in
the defecting-plate and at the forward np- 85
Per end of the exp s chamber 16* is formed
Provided with aninlet 7, the center of which
inlet is ine plane with the cenrer of the axia
of the opening 16 ie the deflecting-plate and
the axis of the bors A’ of the barrel. This go
alinement of the openings 17 40d 16 with the
bore of the barrel is in order that the bullet
discharged from the barrel may pass through
the said openings 16 and 17 and out through
the chamber 16* without interfering im the ys
slightest degree with any of the mechanism
designed to confine the gases.

The inner face or wall of the chamber 16*
is inolined, and @ flange 18 is formsd upco
this wall aroaad the i let-opening 17. The 100
flange LY is adapted nam sent for a valve 19,
which valve closes the iniet 17 of the cham-
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per L8* iramedistely alter the discharge of the
ballat; but nvemally the valve ts maids te bear

minst the inner face of The lower portion

of the Mefecting-plate 15, asuming 4 pisi-

tion parallel with the line of th , e c
of the cap B, as shown in positive lines in |

Big. 2. The ning 16 in the Feflecting 7
plate iy made in jt bower edge, and in order

that the dixcharge of the bullet shall not be
ro impetled a correspond” 2 epening 20 ia made

jy the, apper enrt uf the valve, aud when the
valve 1% has bearitiz against the deflecting-
plate 15 the apeniog in the valve and the
opening in th» edge of the deflecting-plate |

1g reginter, orming an openingot seditcient aise

to permit the wninterrupted passage of the;

page rm 21 ix secured to the frant face of |
the lower portion of the vaive 1), the arma be- |

#0 ing ab right angles to the outer face of saiel |

yalve, and the vaive ix pivoted in tbe cap b>
hy w pia 22, that is nassed thrangh the enp!
and throuzh the said arin, at shown in Figs,

Baud 2 The catve 19 is held in tts open per |
a5 sition—that is, iv enxavement with the de- |

fleeting-plate—-by werany of a spring 25, ;

5

magally attached to the bottam eater wall of |

the chamber 15%, the spring baving basring

agaiust the upper surfacn’of the arin El, as

go sbown in Fig. !. [norder that the suring 23

may be repaired or replaced when necessary,

an openivg is inade in the front of the cap j

below the chamber 16%, and this opening is

normally closed hy a block 24.

35 Jw the npertion nd the attachment «hen

gun is ficed the bollet is dischaaged ws usunl, 5
god ia passing aut from the barrel does aot

toveh- or interfere with the wechanisin of the

altachment, as has beretefure been stated.

40 The expanding -gases strike the deflecting: |

plate Lo awl the valve 19 at the sane iustant,

The dellhctiug-plate being rigid and inclined
towanl the valve turns the flew nf gas down

ward in direction of the valve, and the vaive |

45 being frey jo neve vutward is Larown against |

ius seat 15, a3 shown in dotted lives in Fig. 2,

and is beld there antil the inside pressare of 1

the gas in the ex punsion-chainber and barrel
of the gan becomes equal ta the ontside pres- |

50 gure of the atmospheric air plus the tension |

of the spring 23, whereupon the valve agaio ;

opens gud the gun is realy for awotber shot.

The gas, instead of rushing inte the air as ;

usual, is turned by the valve back futo the «
355 ®xpansion-chainber, which the gas itself had

closed. The action is very quink, the vari-

ous Bleps described following exch other ia

Practically a momeut of time.
Theexpansion-chamber, which includes the

59 enbie contents of the bore of the Kun, acts
substantially as a condoaser, aud at the time

of Gring no swoke is visible. Epon throwing
Spen the vreech of the gan as 6000 43 pussi-

bie after firing a bullet the expansion-cham-
5 ber wil! be found practically filled with o

light smoke; but the depoyit upon the lands

and grooves is not more than usyal, as the

I

| by

Kreator portion of the deposit will be fonad

Dpow the valve in nearly a dircet Jing with

the axis uf the borg of the gan, rid

Having thas described our invention, we

ner face | claim as new aud desireto scare by Letters

Patent—

1. A caing arranged for attachment To the

lof aaun, and haviag an omtlet fora 75

an inclined deflecting- plato in said

easing and «valve normally hehi in an open

position and operated hy the gases to close

the ourlet for the bnitet after said bullet bas

excaper from the casiag, substantially asde- 80

seribed.

4. A easing provided with a gas-condensing

chamber amt arranged for connection with

the barrel of 4 gun, Ube said ehocaber having
an eget for 4 hulfet, the said aawiog having 85

h Cabolar extasaion farming part of ibe gas-

coudensing chamber and extenling rear-

wardly beneatl the barrel of the gun, a clo-
sure for the rear end af said tubalar exten-

nian, p valve operated by the gases to close go
the outtet for Lhe Lalies after said bullet has

escaped nud a support against which said

valve normally resta, the said suppert being
| logated hatween the end of tbe gan-harrel and

the outlet for the bullet, substantially as de- 95

seribed.

3. A casing adapted for atiavhiwent te the
barrel of agun, a chatpber at the farvard ood

of said casing and having an jolet in its in-

neror rear wall ia line with the bore af the too

gun,» plate in said casing between the rear

esd of said chainher and the end of tbe gnn-

bacrel aud @ pivuted valve normally resting

nn the yaid plate, the plate aad valve veing

constracted to permit of the passage of a bal. 105

jet, the said valve being adapted to cloye the
opening ia the roar ent of said chamber im-

mediately after the escape of the bullet, be-

iE carried to said closiog position by the ac-

a of the gases, substantially ag described. 110

4. Adevice adapted to control the noise of

the explosion of a charge aud prevent the #s-

' cape of amoke From the muzzhs of a gun, said

device consisting uf a casing arrauzed for at-

tachment ta the wuzele of a gua, the casing 115

being pravided with a downwardly aed ar-

wardly exteadiag deflecting: plate having an

ppeving ia line with the axix of the barrel,
the casing being provided with # passageway

for a bullet forward of the deflectiag-plate, 120

and a valve normally resting with i13 upper

pnd on said doilectinz-plate, ani adapted to
be woved Iv eloge said passage-way ‘by the

| accowulation of gases withio Ube said casing,

as decribed. 125

5. The combination, with the barrel of &

pun, A casing attached to the muzzle of said
barrel, and acap removebdly secured in the

forward end of the casing, the cap being pro-

| vided with av inclined deflecting piste hay. 130
ing an opening therein ip Live wi 8 Bi

i ofthe Uarrel, of a chamber forward of the
dollocting- plate, provided with an opening

algo'in line with the axis of the bore of the
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Rifle Stlencer, German. FMISC 731.



056,084 3

gun, and a valve having bearing normally

aguinet the deflecting-plate, the said valve

being forced to » seat at the inlet of the exid

chamer, by the action of Lhe gas accomu-
5 lated in the barret and back of the said valve

and defecting-piate, after a bullet has been
disebarged, ax deecribed.

6. The combination with the barre! of a

gun, of 4 casing attached tothe inuzzle of said

40 Ddarref, a cap secured in the forward end of

the casing and provided with an inclined de-
Hecting-piate having ag opening therein in

fine with the axis of the barrel, a chamber

forward of the deflecting-plate and provided

1g with an inlet-opening also in line with the

bore of the guo-barrel and formed with a
valve-nest and a spring-pressed valve nor-

matly resting againgt the deflecting-plate and

adapted to be forcett against said valve-seat,

ze substsotially as deweribed. |

7. The combination with the barrel of a

un, and a casing atrached tu the muzzle of

thé barrel and baving a tubular extension at

the rear lower portion provided with a remov-

25 able closure at its rear eud, of a cap remov-
ably secrred in the forward end of the casing,
the inner face of aaid cap being inclined from

the upper edye-downwardly and forwardly

aad the anid inner face being open from a

30 point at or near its bottom to a point near the
twp, an inclined deflecting. plate st the upper
portion of the inclined inger face of the cap,

the said pate having aa opening iz its lower

page in longitedinal atinement with the axis

35 of the bore of the barrel, a chamber formed

at the forward upper end of said cap and for-
ward of the plate, the said chamber being pro-
vided with au iplet fo its inner wall in line
with the opening in the plateand the bore of

40 the barrel, the inner wall of said chamber he-
ing inclined and baviug a flange formed there-
on around the inlet-opening and constituting
avalve-seat, anda pivoted and spring: pressed
valve pormally resting at iis upper end

4§ against the lower portion of the defecting-
piate and having au opening atits upper edge
forming with tbe opening in the lower edge
of the deflecting. plate, a passage for the bui-
let, the suid valve baing forced to its seat at

So the ialet-openiay of said chamber by the ae-
tivo of the gases after » bullet bas been dis-
charged, the front af suid cap beiow the chum-
ber having au opening provided with. a re-
movable cloaure, for the purpose ant forth,

8, A casing arranged forattachment to the
barrel of a gun snd provided with « gas-con-
densing chamder, and a cap removably Be-

eured in the forward end of said casing and

provided with a chamber having an opening

in lina with the axis of the bore of the gao

aud forming # passage for a ballet, a valve

pivoted ia said cap and operated by the gases

to close the outlet. for the bullet immediately

after the escape of the Gullet, the said cap

being provided with an opening in its froat

delow the said chamber, and closure for said

opening, substantially ss described.

2 A device adapted to control the noise of

the explosion of a charge and preveat the 2a-

eape of smoke from the muzzle of a gun, the

said device comprising a caging arranged for

Attachineat to the innzzleof a gan the casing

being provided with « passage-way for a bul-

lut, a valve for closing said passage-way, &

spring for normalty holding said valve open,
and 4 defecting-plate for torning the how of

gas loward the valve, the valve being carried

to closing position by the gases.

1). A casing for atiachment to the muzzle

ofA yun. a cap removably secured in the for-

ward end of xaid casing and having a valve-

seat with an opening for the passage of the

bullet and a valve carried by said removable

cap and free to swing, the said valve being

oormally beld in an open position, and adapt-

‘ed ta be moved by the action of the gases to

a closed position, substantially as deacribed.

11. A casing serangni forattachment to the

mazzleof aeun,aremovable cap fitted in the

forward end of the casing aud having a valve-
seat with 6h opening for the passage of the

bullet, the axis af saict opening ecinciding

with the axis of the bore of the gon, a valve

carried by said exp and free to swing Lo close
said opening, spriog fer normaily holding

said valve in the open position, and « deflect-

ing-piate carried by the cap and arranged to

deflect the gases toward the valve, the said

valve being closed by the action of the gages,

whereby the said casing receives and confines

for a time the gases resulling from firing the

gun.

READE MOON WASHINGTON.

ALBREB WILLIS CAPY.

Witnesses:

O. A. Hzsrres,

H.W. Kerry.
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It is hereby certified thal in Letters Patent No. 658,934, granted October 2, 1000:

upon the application of Resde Msvon Washington and Alfred Willis Capy, of Dalias,

Texas, for an itmprovement in “ Attachments for Barrela of Firearms,” error appear

raqniring oorrgttion, ae follows: In the graat and in the printed head of the specifica-

tion, it is stated that they! have assigned one-fourth of their right to said Washington,

whereas it should have been stated that said Copy assigned one-fourth of the entire right to

vcid Washington: nod that the said Lattere Patent should be read with these corrections

Yrereii that the same .say conform to ihe record of the cise in the Patent OfÏce.

Bigned, conntersigned, and sealed this 16th day of October, A. D., 1900.
[ema] F, L. CAMPBELL,

Amisont Secretary of the Iuterior.

C, H. Dor,

Commissioner of Patents.
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Transiletion: Patent No, 5478, "Device for Silencing a Firearm"
Issued to Josef Hutfless, 1 June 1901, in Vienna

The proposed innovation has to do with reduction of noise due to

the sudden discharge of propellent gases after firing a weapon. It is

hereby claimed that the barrel will close after projectile exit, The

propellent pases will be released after passing through two or more

regulating tubes running parallel to the barrel. in this way, the

pressure will be reduced and the gas exit will cause only an insig-

nificant noise.

The invention, for application to sporting guns, is show in

Fig. 1 through 4, the sketches showing the longitudinal side view and

front views of the barrel cross section, A-B, of Figure 1.

As is evident, the muzzle of the barrel forms into a funnel, At

the bottom of the barrel, a, are arranged two parallel thin walled

tubes, b and c, which are connected together at their ends,

Tube b is connected to the muzzle end of the funnel shaped barrel,

a, while the same end of the other tube, c, is equipped with a row of

holes, d,

This weapon requires the use of special projectiles which are

made up of two loosely connected parts, m and n. The charge is di-

rectly behind part m, which is of the same caliber asa the straight tube,

while the front part of the projectile, n, matches the narrow part of

the tube and is conmected to the heavier projectile, part m, by a fixed

pin.

The operation of the device is as follows, Upon firing the weapon,

the developing propellent gases in the tube push both projectile parts

ti and n up to the narrow tube. Arriving there, the heavier projectile,

m, will be forced in the narrow barrel (position m') and thereby held

back, The front projectile, n, in consequence of its acquired velocity,

will free itself from the back projectile, m, passing and exiting

through the remaining portion of the barrel (position a').

The propellent gases do not pass into the atmosphere through the

muzzle of the barrel but, because of the obstruction, they enter Lube

c¢ through the opening g. From here they passa into tube b and leave the

latter, with essentially reduced pressure, through the arranged holes,

a, in the front end of tube b, whereby only a hissing noise is produced.

As the result of this operation, a loud noise will be avoided and

the propellent geses will leave the tube producing a damped, unnoticed

noise, The remaining projectile part, m, in the tube can be removed

through the insertion of e charging rod,

170

Patent Claim

by firing a weapon,
ilencing the noise produced yo

i A deve acer The barrel near the muzzle is to be funne
to od oor to this are to be commected one or more interconnecte:
sere trom which the gases discharge through many small openings.

bed above. The power
-part projectile, which is descr:

pete te sabe the rear part, which is of the same caliber
charge is to ich is to be loosely

barrel, and the front part, wh
as the straight tieet’ , will! the game caliber as the narrow
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NE 5478,

UNITED STATES PATENT OFFICE.
WIBAM PERCY MAXIM, OF HARTFORD, CONNECTIOUT, ASSIGNOR TO MAXIM SILENT

. FOREARMS COMPANT, OF NEW YORK, MN. ¥., A CORPORATION OF NEW JERSEY.

SILENT FIREAR.

958,935. Specification of Ietiens Pateat «Patented May 24, 1910.

Application fied November 20. 1006. Serial No. 485,051.

To ol whom it may concern:

‘Be it known that 1, Htam Percy Maxim,
a citizen of the United States, residing in
the city of Hartford, in ihe State of -

Wiaphragms shall be secured without requir-
ing great labor in the assembling of the dia- 55
phragins and casing.

The invention will be more fully ex-

§ necticut, have invented certain new and use- | plained hereinafter with reference to the ac-
fol Improvements in Silent Firearms, of | companying drawing in which it is illus
which following is a specification, tefer- |
ance being had to the accompanying draw-
ing, forming a part hereof.

» “fh the continued use of silencers for fire-
arms in whick the energy of the powder

is dissipated in rotary or whirling

movement of the gases before they pass inte

the atmosphere, anc in which a series of par-
16 titions, diapbra or sprenders ate sup-

ported by a shell or casing al. the muzzle of
the firearm, the rotary or whirling move

ment of the gases taking place in the cham-
bers formed thereby, the partitions, dia

2 phragms or spreaders nearest the true muz-

gle of the barrel of the frearm are expased

to the highest gas pressure, while those more
remote from the muzzle are exposed to much

Jess gas pressure. Lightness in the silencer

26 can be secured by making ihe partitions, d
phragins or spreaders in the zone of high
gas pressure of sufÏcient strength to with-

such pressure nad by making the par-

_ titions, diaphragms or spreaders more remote

$0 from the muzzle of thinner and even of

lighter material. If is found, howerer, that

it is necessary to provide an abutment for
the heavier und stronger diaphragms aear

the muzzle to support them against the im-

38 pact of the gases und ty relieve frum great
Pressure the successive lighter diaphragms, i

vdwhich are liable to be crashed eventuall
the resistance is through them.

‘One object of the present i

40 fore, is to provide such ction of
of this cksracter wi] be wa-

Ppable of withstanding the impact of the

an:

Sases while at the same time the minimum ,

of weight in the silencers is secured. Fur- :
tes which |46 thermore, in silencers of this chara

8r9 eccentric with reapect io the #xis of the

fun barrel, it is necessary to assure accurate :
Sinement of the openings through the

ive diay ns for the of the4 projectile. men pussewe
. It is, therefore, a further object of this
invention to provide a construction by which
Such alinement of the openiags through the

vention, there-

ivnted and in xhich— 6

| Figure I ia a view in side elevation of an
| inary gporting rifle equipped with a

neer which embodies the invention. Fig,
detuil view im section and on a larger

| scale of the silencer shown in Fig. 1, a por- 65
| tion of the barrel being also represented.
j Fig. 3 is a face view of one of the dia-
i phragins, showing the recesses im the cir-

tumaferenre thereof. Fig. ¢ is a transverse
section of the supporting shell or casing, 70
showing the longitudinal key.

In the embodiment of the invention shown

in the drawing there is secured to the ex-

iremity of the barrel @ of the gun, in any

suitable manner, as hy screw threads, a cas- 75
ing d. which is preferably substantially cir-

cular in cross section and of greater or less
length as may be required and f forms a su
port and inclosure tor the series of sin,

silencing devices vr partitions or diaphragms 60

or spreaders ¢ by which the gases, which es-
rape at the muzzle of the barzel 2, are com-

' pelled tu avqnire, within successive cells or

chambers formed by ihe diaphragms e, a ro-

‘tary or whirling movement. PS

| In the embodiment of the invention shown
each siagte silencing device ¢ is generally
cireular or annular with reference to the
axis of the sheil or casing a, and is spiral or
conchoidai in cross section, an opening e’ 90

i being gormed for the passage of the pro-
jectile. In the construction shown, such

opening is eccentric with re to the axis
of the sheil or casing. As is now well un-

derstood, the powder gases are directed by 95

ihe frusto-conical portion of each dia-

phragm or spreader, or single silencing de-
vice, Into the annular chamber formed by
the diaphragm and acquire therein a rapid

rotary motion in which their energy is dissi- 100
| pated. The diaphragms or spreaders, a5 4°,
+ nearest the muzzle of the gun are naturally

i subjected to the highest pressure of the

1 gasts, while those more remote from the

! ria ave subjected to 3 considerably lower 106
i pressure. Those more remote from the
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muzzle of the gun me therefore, be sles
cay of resisting high pressure than
nearer the muzzle and may be made of much
lighter cheet steel than those near the
muzzle, or may even be made of aluminum
while those nearer the muzzle are made o

steel However, should the disp! oF |
spreaders nearer the muzzle rest thy |
against those mere remute from the muzzie, |

6o that ihe jatter receive the pressure trans-

mitted through the former, they would |
eventually be broken down. To obviate |
this, an abatment is formed ia the shel! or
vasing @ to receive the pressure of the din.
phragms or spreaders in the zone of high |

pressure. Such abutment may be vari-
ously formed, but as 8 convenient and inez- ‘
pensive, but effective construction, the shel!
or casing d, after the lighter diaphragms or .
spreatlers e have been placed therein, is °

formed with an inner circumferential ridge
or shoulder @’, as by spinning, and against ‘
such abutment the heavier diaphragms or

readers e* rest. It will be understoni
that the number of heavier or stronger dia-
phragms or spreaders employed will depend

silencer is applied. For a light power pun
it is sufÏcient io provide one heavy, steel dia-

hragm or spreader ¢*, as showa in Fig. 2
of the drawing, but with a gun of higher
power two or more of the heavy steel dia-

phragms or spreaders may be required. Of
course the number of the lighter liaphragms
or spreaders employed will also depend upoa
the character of the gun to which the si-
lencer is applied and the effect to be_pro-
duced. In the construction shown in Fig. 2
space is provided within the shell or cusing

for more than one fwavy or strong dia-
phragm or spreader and a 5 ing sleeve a
3s introduced to bold the single diaphragm
or spreader in place.

Jt will be understood that the provision
of an abutment for the heavier disphregms
or spreaders is equally desirable, whether
the silencer be concentric with the axis of ;
the gun barrel or eccentric with respect there- |
te. Jn the construction shown in the draw-
ing, however, the silencer is eccentric and it |
therefore becomes desirable to provide means :
for readily assuring the accurate alinemen
of the openings e’ in ihe several dixphra;
or spreaders with the bore of the gun Lar.
rel. For this purpose, in the construction |
shown, each of the diaphragms or spreaders
is provided in its circumference with a key-
way, ad shown at ¢° in Fig, 3, and the sheil
oc casing d is provided with an internal
longitudinal ridge or key d*, which may be
conveniently formed by rollmg or pressing
a suitably shaped tool into the outer wall of :
the casing. With this constzuction the dis- |
phragms or spreaders cannot be introduced !
into the shell or casing uxcept in their !

upon the character of the gun to which the ! 1

| to receive the pressure of s

958,088

proper relative position with the Si
¢’ in accurate alinement with the
the barrel a,

T claim as my invention:
1, A silencing device for firearma, com-

prising a shell or casing, a series of dia-
phraguie or spreeders disposed in the shell
or casing remote from the muzzle and form-
ing a succession of chainbers, each of the
diaphragms or spreaders having an opening
for the passuge uf the projectile, and a rela-
Gvely heavy or strong diaphragm or
spreader disposed in the shell or casing ad-
jacent to the muzzle gf the firearm an are
having an opening for the passage of the
srojectile, the sheil or casin having an
butment to resist the forward pressure of

such heavier diaphragm or spreader, where-
by the hghter diaphragms or spreaders

reinute from the muzzle of the firearm are

of

: Telieved of the pressure of the heavier dia-
or spreader,

sileacing device for firearms, com-
rising 1 supporting shell or casing, a series

of diaphragms or spreaders disposed in the
Hi or casing remote from the muzzle and

forming a survession of chambers, each of
the diaphragms or spreaders having an open-
ing for the passage of the projectile and
formiug an annular cell substantially con-

choidal in cross section, and a heavier dia-
phragm or spreader disposed in the shell or
casing adjacent to the muzzle of the Grearm

| and also having an opening for the passage
of ihe projectile and also forming au an-
nular ceil substantially conchoidal in cross
section, the supporting shell or casing bav-
ing an abutment te receive the pressure of
such heavier diaphragm or spreader, where-
by the lighter diaphragms ot spreaders re-
mote from the muzzle of the firearm are re-
lieved of the pressure of the heavier dia-
phragm or spreader.

3. A silencing device for firearms, com-
prising a supporting shell or casing, a series
oi diaphragms or spreaders disposed in the
shell or casing remote from the muzzle of
the firearm, each of the diaphragms or
spreaders forming an annular celi substan-
ualiy conchoidal in russ section and having
au opeuing for the passage of the projectile,
mda heavier or stronger diaphragm or
preader disposed in the sbeil or casing ad-

Jacernt to the muzzle of the firearm and also
forming sn anuulur cell substantially con-
choidal in cross section and having an epen-
ing for the passage of the projectile, the sup-
potting shell or casing having an interior
circumferential ridge forming an abutment

heavier dia-
phragm or spreader. whereby the lighter dia-
phragms or spreaders remote m_ the
tanzzle of the firearm are relieved of the
pressure of the heavier diaphragm or
spreader.

iv4

ERY

ces

85

90

oS

100

205

110

i

120

125

asd

056,085 8

_° ing.a succession of chambers, each of the dia-

ati ‘ants 1 phragms or spreaders forming an annular
= a “ell substantiaily conchoidal in cross section

d having an opening coventrical ly dis-
posed for the passage of the projectile, the 3g

shvll or casing having an interior ridge or
and each of the diaphragms or spreaders

4. A silencing device for .
ist ting shell or ca

poring f aiap alle or spreaders disposed
er the shell or casing and forming @ succes-
vom of chambers, each of the diaphragms

5 or spreaders having: an opening ere uirically
ol sage of the projectile, ke at ade

ne eh for ee Mave 8 ; ttior ridge having a key-way to codperate therewith.
the " Jf tad i 7 d witnessedi yagms OF This specification sil an

ax key and ving . hewn Lee aerate this 27th day of November, A. D., 1908.
0 pee : HIRAM PERCY MAXIM.

silencing devier far firearms. com-i . ; a

wi ; sonpeting or epee Signed io eee H. Max,
ores of diaphragms or spre Jenremmne HM ;

win the supporting shell or casing 8 TECH.
nd orm: i
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Jo all whom it may concern:

Be it known that I, Eucktxe Taunien, a

citizen of the Swiss Confederation, residing

at Fribourg, of the Swiss Confederation,
§ have invented certain new and useful Lm-

ments in Devices for the Suppression

of the Report of Firearms, of which the fol-
lowing is a specification.

This invention relates to devices for less-

W-ening the report of firearms. According
to this invention the energy with which tie
gases of combustion travel is destroyed by

iding said gases through a certain num-

of chambers which are arranged at a

W eertuin distance apart the one before the
other and which have passages for the pro-
jectile. The gases are thus deviated from
the trajectory and made to expand gener-

ally in said chambers.
20) = The devices according to this invention

differ from the devices of known types und
serving for the same purpose by the ar-

rangement that the said expansion chanshers

have the shape of conical sleeves which are
25 mounted in a casing the rear end of which

is perforated or formed of wire gauze for
3 of its length. The inner casing is fur-

ther inclosed in one or more mantles which

are alternately perfarated at the front or

30 at the rear end. The gases which are com-

pressed at a very high degree of pressure
when they are being generated are thos

quickly deviated from the trajectory of the
projectile. The pases ag through the

getting hot of

the conical sleeves e
In the uccompanying drawing, a plan of

execution of the object of the present inven-

tion is shown as applied to a rifle-barrel.
Figure 1 represents a horizontal tongi-

tudinul section of the apparatus Fig. 2

shows a cross section along the line TT -IT

(see Fig. 1). Figs. 3 and 4 have reference
to the Feta of the device shown in Figs.

“6 1 and 2. Figs, 5 to 7 show the details of
modifications.

The device represenied in Figs. 1 to 4 has
& sleeve @ the internal diameter of which ts
equal to the onter diuimeter of the barrel 3.

angatar slot a’ (Fig. 3) at the free end
of the sleeve « serves to fix the device to the
barrel 2, said slot being pushed over the
Sight ¢. The interior of the apparatus is

ss Provided with a series of tubular sleeves d
oo-arinlly in the tube ¢ This tube

¢ is doublewalled and it is made for two-
thirds of its ieight of fine net-work, the re-
maining third being of sheet metal. The

steeves dare conically enlarged toward the

turned toward the barrel 6 and constitute

together 4 canal for the projectile i) The

sleeves ¢ have at the front end Four slots

through whieh are passed four rods f fixed

maintain the sleeves d at a given distance

from each other so that each two succeed-

ing sleeves form a curved for the

compressed gas. The tube ¢ is surrounded

than ¢, the position of which is eccentric

swith regurit to the common axis of the tuhu-

lar sleeves d. ‘This tube g is perforated at
the first part g’ for one-third of its length.
A third tebe A perforated at its rear pact 76
for one-third of its length surrounds the
tube g. The space between g and & is filled
with shavings of metal, such us aluminium,

The position of the tube 4 is also eccentric

that the sight ¢ projects over the device for

a few millimeters.

The «lirection followed by the compressed
gas is shown by the arrows. The projectile

chanel formed by the narrow extremities
of the sleeves d closing this channel to the

conpressed gas which rushes consequently

through the annular openings of the tube ¢
into the space between the tubes e and g 0
where it partially expands. From there

the gas escapes theoagh the narrow open-
ings of the first or forward third of the

tube g into the space between g and A

instantly owing to the filing of metal shav-

ings, the escape of gas through the open-
ings in the tube & taking place without any

report. The solid walt of the forward part

ing the sleeves ¢ thus escaping by the cen-

tral channel before the shat. ‘The more
elongated the form of the sleeves the less
zhe gas will endeavor to penetrate into the
passage for the projectile.

ebserved that the tube ¢ cles not

touch the wall of the tabe g at its up
part; there is stilt a space of a few milh-

incters between ¢ and g which is

for the free passage of

ivf

front end. The narrow reur ends are all 6¢

on the inside of the tube ¢ and serving lo 85

by a second tube g of a greater diameter 70

|. with regard to the axis of the sleeves ¢ so 80

P, on leaving the barrel 4, enters into the 85

where the gas is prevented from expanding 98

of the tube ¢ prevents the ges from enter- 10d

the ges around the 110
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tube ¢. If this tube were to tuuch the tube ‘the projectile by means of consecutive <te-

g the resalt would be a pressure on the pre- ; tents which form a channel for the passage 25

jectile causing the sume to deviate.
Experiments have shown that the recoil

6 of u gun fitied wi

vive ts only vey slightly diminished, the

automatic reloading by recoil could there-

fore be accomplished.

Fig. 5 shows a moaditied constriction ac-

10 cording to which the tubulur sieeves are
differently shaped than in the first instance.
According to Fig. 6 the tube g on this de-
vice has been suppressed. The entire space

between the tubes e” and A’ is filled with

15 meial shavings. A net-work A? has been
applied to the inside of the perforated por-

tion of the tube 4’. Fig. T shows slots A*
provided in the tube A’ for the escape of
the gas.

2% = L[elaim:—

Aa improved device for lessening the re-
port of firearms in which the compressed
gases ara deviated from the trajectory of

the above describeu de- {

of the projectile, comprising ia combination
a certain number of elements consisting of

conical sleeves, a tube inclosing snid ele-

nots and perforated for two thirds of its
iength from the front end to the rear, an

eccentric casing surrowiding said tubs and

composed of two tubes of which the inner

one is perforated at ihe front part about one
third of its length, the outer tobe being per-

forated at the rear part for about one third

of its lengli and a filing of metai shavings

in the space betweea said tubes Substantially
as described and shown and for the purpose
set forth,

my hand in the presence of two witnesses.

EUGENE THURLER.

‘Witnesses:
Avwert px Cazsabape,

IL. GC. Coxe,
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In witness whereof I have hereunto seb 40

5. THURLER.

DEVION FOR THE SUPPRESSION OF THE REPORT OF FIREARMS,

1,000,702.

APPLIQATION FILED NOV. 3, 1729.
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Translation: Patent No. 629404, "Silencers for Hand Weapons"
Issued to Hans Eiesfelde, 13 March 1933, in Germany,

Silencers for hand weaponsare already known, Generally, they

consist of an elongated hollow cylinder with bafÒes, which either

ition the chamber or close it off from the atmosphere by use of

elastic washers. Either way, good results are not obtained because

the noise, even though somewhat attenuated, always remains.

In relation to such silencers, the following improvement and dis-

eovery is contained herein, The inner chambers will be completely

filled with a porous material, such as viscous sponge, rubber sponge,

or a Similar material. This material offers no resistance te the

passing projectile and closes immediately behind it, The gas follow-

ing the projectile will be forced into the many small cavities, where

it will be delayed prior to arrival at the closing washer until such

time as the projectile will have passed through and the wesher will

pave closed, In this mamer, a substantial attenuation of the noise

will be obtained.

The objective of this discovery is illustrated in the following

sketch.

Fig. 1 shows a longitudinal view of the silencer in which the

walls, d, separate the hollow cylinder into separate chambers, The

chamber, b, is filled with porous material, followed by packing washers,

e, and the elastic closing washer, a.

Fig, 2 shows the view of the mzzle of the silencer with the

notched closing washer,

Fig. 3 shows &8 view of the silencer end attachable to the barrel

of the weapon,

Patent Claim

SLiencer for a hand weapon is described as follows, The closing

packing washers in front of the hollow cylinder are to be made of a

Material which is capable of closing the hole produced by the passage

vf the projectile, One of the divided chambers of the holiow cylinder

is to be completely filled with rubber sponge, viscous sponge, or other

Similar porous material,
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Fig. 2

Anstcht von A

Fig. 3

Ansicht von 8

Flexible BafÒes and Sponge Bubber at the Silencer Exit
German Patent No, 629404
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Patented Aug. 31, 1948

UNITED STATES

2,448,382

PATENT OFFICE

2,448,382

SILENCER

‘Warren P. Mason, West Orange, N. J., assignor

to Bell Telephone Leboratcries, Incorporated,
New Fork, N. ¥., a corpcration of New York

Application October 26, 1544, Berial No, 560,455

2 Claims.

1
‘This invention relatcs to firearms and more

particularly to a silencer for reducing the muzzie

blast.

‘The principai object of the Invention is to

reduce the noise associated with the muzzle blast

ef 8 firearm. Other obsects are to reduce the

weight, slze and cost of a silencer and improve

the stabllity of performance.

Important factors In slencing the muzzle blast

of a firearm are the rapld cooling of the power

gases and the reduction of pressure before they
emerge. An effective silencer utilizing these

Principles comprises a chamber containing heat

absorbing material through which the butlet

passes. The effectiveness of such a device de-

pends, among other things, upon Its cross-sec-

tonal area. Applicant bas discovered, however,

that the importance of having a large cress-

seetionai area diminishes considerably Laward the

front end of the sitencer.

In accordance with the invention, therefore.

the chamber has at its front end @ section of

Teduced cress-sectional atea. Welght, size and

fost are reduced without seriously affecting the

efÏciency of noise reduction. The silencer may

be built as an attachment or. preferably, the rear

portton of the chamber may de built around the

barre! of the firearm. with communicating hotes

through the barrel, The heat absorbing material

May be metal screen, which may take the form

of apertored discs, stacked one upon another and

Preferably held in compression. Piattng the

Screen with some meta] such as tin before punch-

ing the discs will increase [he stability of per-

formance.

The mature of the invention will be more fully

‘undersivod from the following detailed descrip-

Bon and -by reference to the accompanying

drawings, in which like reference characters refer

to simitar or corresponding parts and in which:

Fig. 1 Is site virw, partly in section, of &

SHencer In accordance with the Invention ak-

tached to a firearm:

Figs. 2 and 2 are cross-sectional views, to larger

‘stale, of the silencer of Fig. 1 taken slong the

ives 2—2 and 3-3, respectively;

Pig. 4 is a side view, partly in section, of a
Modified form of the sHencer of Fig. 1 in which

the rear portion of the chamber ts built around

‘the barrel; and

Pig. 5 is a cross-sectional view, to Jaryer scale.

‘of the silencer of Fiz. 4 taken alung the Ilne 5—5.

Fig. { shows one form of the silencer JD at-

tached to the end of the barrel #) of @ firearm
W2. The silencer #0 comprises a cylindrical

iC], 891d)

2
chamber having a Tear section 13 and a front

sectlon 21, Doth contain’ng heal adsorbing ma-

terial, chrough which the bullet passes with min-

imum clearance. The side walls of the rear

section 13 are formed by the meta! Lube 14 which

's securely fastened at the rear to the apertured

end piece §§ and at the front end is internally

threaded to receive the apertured connector IT.

The heat absordng material in the section 73 Js

Tin the form of a number of annular di-cs 18 of

metal screen stacked on= upon another and held

i mn by the connictor (7. The end

piece #6 jocludes as an integra] part thereof an

internally threaded collar 19 which screws onto
\3 the rhreaded muzzic of the barrel |} to hold the

silencer IB securely In pesition,

The front section 21 comprises « metal tube 22

securely attached at Its tear to ine connector #7,

threaded st {ts front end to receive the annular

20 end plece 23, and filled with annular discs 34 of

metal screen. A forward sight 26 is provided

at the front end of the silencer (D. In order to

save drawing space parts of the sections 13 and

24 have been removed. Figs. 2 ucd 3 are cross-

25 sectional views.

The effectiveness of the silencer 18 depends

upon Its Jength and cross-sectlonal area. How-

ever, appifeant has found that the cross-sectional

aren may be reduced at the front end of the

silencer without a proportiona! reduction in Its

abtltty to silence the muzzle blast. This Is due

to the fact that the powder gases have already

been considerably lowered In temperature and

pressure before they reach the front portion of

ag the silencer and so It takes a smaller cross-

sectional area to conl them a riven additional

amount. Therefore, in accordance with the in-

vention. the front section 21 has a smaller eross-

sectional ares than the section 13. Furthermore,

ao the original efÏckency may be restored by a rom-

paratively slight addition to the length of the

silencer 10. There results, however, a consider~

able reduction in welght and volume. This re-

duces the cast of the silencer and, more import-

#5 antly. improves the balance of tie firearm.

Pies. ¢ and 5 show a modified form of the

silencer 1@ in which the rear section 27 Js built

around the barrel |) of the ftrearm $2. The side

walls of the section 27 are formed by the metal

5p tube 28 which Is closed at the rear by an end

plece 2$ securety Fastened to the barre] (1 and

at its front end by an apertured and flanged

metal dire $4, The seetlon 27 is substantially

filed *ith heat absorbing material in the form

64 of Sayers of metal screen $2 wrapped around the
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‘The front section 34 comprises a metal tube

‘a6 internally threadert af Its rear to acTew cate the

threaded end of the barrel | 1, internally threaded

at ita front end to recetve the annular end piece a9

24, and filled with xonuiar discs 28 of metal

reenis preferably plated with some metal

such, for example, as tin before the <incs 1@ and

184

4
‘L A aileneer for frearme comprising p chamber

and « plurality of annoler discs of metal screen
positioned within said chamber transversely with
respect to the longitudinal axis thereof, sald discs
‘being stacked one upon another under compres-
sion and substantially filling sald chamber ex-
cept for a passageway therethrough providing
only minimum clearence for a bullet.

2. A silencer In accordance with clatm 1 in
which said disca are plated with tin,

‘WARREN P. MASON,
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3,038,991
FIREARM MUZZLE ATTACHMENT AND PROJEC.

TILE WITH EXPANSIBLE, DETACHABLE MUSK

Richard L. Malter, 241 Occan Parkway. New York,

Fited Jan, 10, 1962, Ser. No. 165,334

1 Claim, (Ch 69—33}

‘this invention is for a novel combination generally

characterized as a firing piece. as for example, a rifle.

. which is particularly adapted to the firing of a husk bullet

and husk shnt.

‘Abother object of the invention involves navel methods

of projecting such duifets with a view to metessinz the

range. accaracy and recoil seduction of the firing piece.

As is well undersiood in the art of firearms. the inercia

of the baillct or projectile at the msoment ol firing sets up

enormnts stresses in the bullet or projectile which cause

it to try te move aff to one side or the other of the unis

of the bore of the weapon and to Tum su as to cause iL

to wobble or yaw as it mows down the bure anil issues

From it.

Since the conventional bullec is made relztively soft

aed ductile so that it will proper!y enape the siding of

the barrel of the firing piove. these enormous strewes abo

cuuse it io become deformed abalurced. Upon

its exit froun tbe bore of the firing piece the Itullet retairs

these daterctions or subbing and cocked conditions, caus-

ing a Tesultant undesisable ina. at

These various woedesire! comliions and elects ave in

creased the shorter the pearing surface af the projectile

in relativn to its overall leneth

An important object of it 2

either a perniane Rt or zemo: Atachntent foe rhe barrel

muyzle of a sith, for exsmpie. which puides the Fullet

back onto the axis of the zille bere atter its exit therefrom

and separutran from its bunk.

Additional objects include sednced weight of husk duc

to reduced length id sducillity of husk due to sle-

creased bulk: reduced beatin: F

in relation Ww us ov

ination of a

satlay of atluchment duc to di

pieves.

(A fumber wbject i to prot

in combination with a husk bu

recoil of the gun.

‘Sull another object of the invention js to provide such

an attachment which waion Bith a busk butler

will serve 10 prote: F dram the dis-

turbanees por itally 2

atthe time of the Sanane of the Suller proper frou tbe

gun and its atachment

A further object of this invertion is to provide such

Bn attachment whist pe

inveaton is to provide

curacies rey

of the bul

welerulivu.

Other objects of ction inciude novel methods

ofa ting and plezeet.as Sunder conditiuns of

extreme aieuracy

Still another ob

ing Maxie tas Pn

Ores aint more detacted 0%

be apparent troce the fell

bodiment of the rnvenues ile

drawings.

io the Jrawines.

FAGURD 1 is a vertaal cent

tinvugh a perticn of J busk Bull

and caching

1 is perind of ace

devel methods of oh-

sein.

fc mvention will

aleseripiion af the em-

sted in the accompa ing

al, srose-sectional view

sartindge posit.oned in

2

haniher of w rile wo which tbe ante

sem at UE mn has heen applied:

- from it;

FIG! RF} ive sta:

* of the ren

prope

TIGURE 4 is a similar view showing a

in the devi, mimely just

proper J fram the at:
chient

Titer lage

deer the buller

ment bul with the fusk

invmentaridy trapping the pases
behind it.

The subject matter of th invention has its prune

ea with the of hink ki

in exe feem in the di

tet im FIG. 1. tbe barrel 18 of ii rite. far

i with a suitably rifled Fore 12. which

he firing chamber.
insists of a Short cvlindrical so: metal

20

S projectile will be male oF any

aildble for this purpose. and

shee such as used in shot

sagions forms. bysin. T

tMlustra test

i & lear from FIG. crunped,

er otherwise: shed te the progecrite proy

SO 2s 20 form a wnrtary assembty prior to firing.

As fs clear from FIG. 2, the external diameter of the

operly aliusted to the bose of the rifle to fern

the usea! fit while abe peajectile proper 28 is af lesser

s a

point or 2 short poiul, as dlusirated. “The length

of the cup 26. as w: ar ker. can be considerably

shorter than would be required in the pormel case to pre-

ven » i ing. and the like. The shel
proper 8.5: v! comse provided with the usual

explon’ve . an! ising cap, not shown.

In the germ sMistesied the tetminal end 14 of Use tar

rel LD is shown vf reducest external diameter and pra-

vide with external threads by means of which ibe sleeve

16 of the s.uil and euiding attachment is secured thercie
by complementary internal threads. Ta tuen, the end of

the sieve 46 is internally threaded to receive a core or

nose piece 18 by means of complementary threads, as

shown, The core 18 is provided with a cylindrical pas-
sage. the axis of which Ji

the barrel. “Lhis pass,

section 20 and a concentric crlindrical eudle bore section

22. The diameter of the guide bore section 22 is dess

ahan the diameter vf the bore of the barre] anci is pref-

erably related in its diameter to the dizmeles of the pro-

gq jectile 28 so as w provitte a livbr pres, fit thereuith, ‘The

diameter of the entrance en of ibe conical portion 20

is equ] to the internal diameter of the sleeve 16, se us
to form a simple transiiion poind therewith for a pur
pose to be explained fater. The <slindrical guide Fore sec-

ao Hon 22 of the nose piece preferably has a length about

equal to the length of che bearing surface of the bullet

proper ZB.

The steeve 16 is proved with a series of radial pas-
sages 24 which pr escape ports fer the explosive

may be af sarines forms such

BBY

a“

terns ciccumfercatially around

24 vorrespend to the simitat

chokes. se-ai)

and, of cvnrse

adjbsatle 1

god the leke.
i)

" 4 done. ther inay be made
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3 4
When piece in acer ith this inventi inlusi utilitarian fea-ing piece i dance with this invention FIG. 4 illusirates another advantage of an fe

1a plese «the cartridge casing is activated in ture of the subject matter of this inveotion: as is well
is Bred the Ars enerating tremendous gas pressure be- known in this art the explosive gases which surround the

Seed the Ink 36 containing the projectile 28. The bnsk trailing edec of the projectile at tbe moment of issve
Ramet ig therefore rapidly accelerated down the bartel 5 from the barrel tend fo engalt and disor the fab a

i a nto the casing formed "the projectile and 2 that extent reduce the act
10 in the wsual manner and moves inte U ing for ce te SO Eee apni of the ex

t dition Wes- flight. As illustrated in l. pping

ie ee AS aoe ere eno nullet jereleased —ploaive gases within the attachment by the husk 26, ak
Hoes ine discharge end of the barect 70, the husk 26 though momentary, is sulicient to permit the projectile 28
opens up under the forces atterslant at high velocity, sepa- 19 to get well started an its Right before the hast is omit
oF substantially (com the projectile 28, and slides along anid the gases hein to escape. ‘The result is that Ti

see interior surfate of the passage in the sleeve 16 until any disturhance of the flight of she projectile results from

i i f the conical portion 20, these gases. -_ ;

Began the rans em of heel fat 2 a cecnin of re ets a
% atively decelerated with respect to the projectile 28, so. 25 this invention illusisating the principles thereof. it sill be

at the 1 jjectile progresses cnwardly ay an independent apparent to those skilled in athe art that maay of the struc-
inte ino the passage 22. ‘This passage teing accurately at details herein disclosed can be varied without depart-

ee in whe etis of the barrel and baving a light ing from the novel subject matter of this invention. His
fit with the projectile 28 steadies it, taking away . prelerred, there! ‘ fore, thatthe scope of Prete en

from if i tat 20 bereby jeter te
from it any wobbling or off course movement that it may A eae a foe itesteative purposes only,

: lime the decelerated husk 26 blocks the ‘What is claimed ist _ :

anorerment of the explorive gases isting from the bartel A ficcares comprising in combination projectile, an
behind it sufÏciently to increase their pressure. These | expansibte, detachable hesk soured to sid projet sald

cha he ports 24 al 23 husk being cup shaped and having an end wall a
a ra veloc 0 ech eee nt lurality of integral, separable, curved wall portions, 2
$n increased velocity which discharge continues and is PI ; parable, curved wall portions, 2

i “omkition illustrated in FIG. 4 is reached gun barrel having a projectil , and a ps

a ee eee tet into tbe guide bore 22 and biliving means at the exit end ot said barrck paviog an
Further tends to block the escape of the gasts except apertized husk and gas confining cytindrical wall form.

Ghrnagh the ports 26 Iwill be apparent, therefore, that 30 ing a chamber with an interna! diameter greater then tha

the nainimin of recoil afforded by this device is en- of Said bore, said means having a projectile guiding exit

hanced by the momentary forward deceleration of tbe passage having a diameter tess than ta ot s id bbore and
P ving, i if their resullant in- providing a light press fit for said projectile and a com-

Fe ae ine nes ieterally through the ports 24. pression fit for said husk, said means also having a conical
Gaine back it will be seen that as the expanded husk 35 passage comverging into suid exit passage ond acting to

36 reaches the tapered passaze 20 it will he gradually contract said. hask for movement through said passage,
Ceatracted or closed back wo its original condiion, Ta said husk being detached in and expanded into contact

Cotton st wll he compressed as the force of the gases with the wall of sail chamber and being contracted a

Saves it through the guide bore passage 22. ‘The fusk | delayed by saill conical passage for tailing movement
being hollow and of solt. deformable, ductile material #9 through suid exit passage behind said proxcule.

such as copper, for example. can be squeezed or 20n- References Cited in the file of this patent
tracted suflcientty so that it will be forced through the : S patents

guide bore pone 22 and ejected behind the projectile UNITED STATE
i i ject B6B.938 - Oct. 22, 1907

28. During the period of compression and ejection of
the husk the explosive pases ill be relatively impeded in ZALZB3E “fers Feed
their forward motion, thereby increasing their tendency, ers fpr. 36. 138
2s previously explained, to being ejected at even higher Estey My 8 1938

velocities hrough the ports 24.

187



June 30, 1964 RL. MALTER
PLREARM MUZZLE ATTACHMENT ane

EXPANSI1ELE, ui
Filed Jan.

= RTL

Ga
CAMA

WN

INVENTOR

FICHARD L_ MALTER

anby Panky
TORNEYS

APPENDIX F

RELATIVE LOUDNESS OF DISCREET SOUND PULSES

Presently there exists no analytical criterion for estimating

Joudness of a transient sound signal from its pressure-time history,

The usual means of measuring and specifying such signals is by their

peak SPL's. Since loudness of a discreet sound signai is also time

dependent, it is important to re-examine the qualitative significance

of this dependence. The most reliable and revealing data are to be

found in the commonly used equal-loudness-level contours for con-

tinuous pure tones, 26 The frequency range below approximately
200 cps is of little use here, since the single cycle time periods

of these tone are well above that to be found in small arms sound

signatures, Within the frequency range from 200 to 8000 cps, the

loudness levei {phons) of a pure tone of given SPL is approximately

independent of frequency, Above this range the loudness level de-

creases,to a first approximation, directly with frequency. All

attempts to exemplify the human ear by a dampec spring-mass system

seem to fail in explaining the above frequency-loudness relationship.

However, through inductive reasoning, the whole loudness level spec-

trum as described above can be reprsented by:

200 < £ < 8000,

LL w 20 log a , phons i

and

f > 8000,

Pm £- 8000
—Pm_ _ 3p (£28000) | on 2LL = 20 log p97 ~ 0 ( 3000 ) » phons (2)

where

LL = loudness level in phons;

Pp, = peak sound pressure;

f = pure tone frequency, cps,

The pressure-time area Spay of the positive haif-cycle of a sinus-
Sidal tone is
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Pa= Pm _ 2Pm(T/2) @)

g
y

H
y

a

where

T/2 = 1/2f, half-cycle time duration,

Thus, the loudness levels can be defined in terms of the recurrent

character of the pure tone i.e.,

200 <f< 8000, LL gy 20 log Pm
- 0002 4)

-A
f> 4000, LL ps 20 log Pm _ 30 f= )

. ‘6000,

Or, in terms of the positive half-cycle time durations,

200 <f< 8000, Liss 20 log Pm
0002 (5)

Pm. (T/2)qco0 _- (T/2)f> 8000, LL 20 —= - Aaa> * log 0002 | {T/2)
2000

where

(T/2gooo = 1/2(8000) = .063ms.

The last equations indicate that:

1. Up to approximately 8000 cps, the tone loudness level is

essentially equal to peak SPL,

2. Above approximately 8000 cps, the tone loudness decreases

almost proportionately to the tone's half-cycle time duration,

If the same conclusions are applied to the singular sound pulses,

their loudness levels can be expressed by:

-063 ms< t <2.5ms LL w 20 log
° 

(6)

Pm 063 -t
. 2 ~ ~7063

t <.063 ms, LL w 20 log ~a55 30( 7063

190

where

t = time duration of the sound pulse in ms,

This suggests that the loudness level of a sound pulse longer in

time duration than approximately 0.063 millisecond is numerically

equivaient to the peak SPL. The loudness level of a sound pulse

shorter in time duration than 0.063 millisecond decreases approx-

imately as its time duration. This is partially borne out by the

records of silencers fired at Frankford Arsenal and partially by the

widespread tendency to specify transient sounds by their peak SPL.

Although qualitatively significant, to date the above equations are

based only on 2 somewhat boldly assumed analogy between transient

and continuous sounds,

It is interesting to note that the "Loudness level" (phons) is

not representative of how loud a signal sounds. In other words, the

loudness of a signaldoes not double with doubling of number of phons.

The true loudness is represented by sones, which are related to

phons by

L = 10-033{LL - 40) {7)

where

L = loudness in sonea,

From previous analysis, if the sound pulses to be deait with

are longer than 0,063 millisecond, the loudness in sones can be

represented by,

(8)

which is dependent only on the peak sound pressure level. A plot

of loudness (L) vs peak SPL follows. Here may be seen the true

relationship between peak SPL and how loud the signal actually

Sounds, As an example, a signal of 102 db peak SPL sounds twice

as loud as a signal of 90 db, since the latter is half the number of

Sones of the former.
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No, Date Inventor Title

381 950 1 May 88 N. W, Pratt Pneumatic Ordnance
618 901 7 Feb 99 L, Peterson Gun Barrel
658 934 2 Oct 00 R.M. Washington, etc Attachment for Barrels of Firearms
692 819 11 Feb 02 J. E, Bissell Means of Effecting Noiseless Discharge

of Guns

785 975 28 Mar 05 S. N. McClean Means for Controlling Recoil and Muzzle

Blast of Guns

786 230 28 Mar 05 S. N. McClean Recoil Controlling Means for Guns
832 695 9 Oct 06 J.O. Nygaard Attachment to Barrels of Firearms

~ B55 439 4 Jun 07 J. Adrianson Extensible Jacket for Revolvers
2 880 386 25 Feb 08 H. P. Maxim Silent Firearm

916 885 30 Mar 09 H. P. Maxim Silent Firearm
951 770 B Mar 10 J. M. Miller Silencer

953 943 5 Apr 10 B.B. Childress Gun MufÒer

955 694 10 Apr 10 G. P. Riggs Gun Attachment

956 717 3 May 10 R. A. Moore Silencer for Firearms
958 934 24 May 10 H, P. Maxim Silent Firearm

958 935 24 May 10 H. P, Maxim Silent Firearm
959 400 24 May 10 J. H. Stinson Gun MufÒer

971 083 27 Sep 10 A, C, Shipley MufÒer for Firearms
984 750 21 Feb 11 H. Craven Gun Silencer
984 890 21 Feb 11 D. W. Duddebar Noise MufÒer for Exhaust Pipes
989 158 11 Apr lI B. W. King Combined Silencer and Bayonet

1 000 702 15 Aug Il E. Thurier Device for Suppression of the Report of
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Firearms

1003 531 19 Sep 11 L. C, Smoot, etc Engine MufÒer
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Patents - United States

No. Date Inventor Title

1 006 595 25 Oct 11 Cc, Red MufÒer

1 017 003 13 Feb 12 Cc, H. Kenney Silencer for Firearms

1018 720 27 Feb 12 H, P, Maxim Silencing Device for Firearms

1021 742 26 Mar 12 R. A. Moore Silencer for Firearms
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1 127 250 2 Feb 15 H. Humm Silencer
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“ 1173 687 29 Feb 16 E, W. Thompson Firearm
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1 390 65B 13 Sep 21 R, M. Towson Recoil Neutralizer & MufÒer

1 406 404 14 Feb 22 J.C. R. McCrudden Machine Gun

1 427 802 5 Sep 22 B. A. Goodwin Gun Silencer, Flash Cover & Recoil Check

1 462 158 17 Jul 23 F. Wildner Silencer for Firearms

1477 315 11 Dec 23 A. Combot Exhaust Silencer
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1 482 805 5 Feb 24 H, P. Maxim Silencer for Guns
1 487 214 18 Mar 24 R. L. Detendorf Firearms & Ammunition Therefor
1 497 553 10 Jun 24 J. Dickman Exhaust Silencer
1 525 846 10 Feb 25 L. E. Wurtzbach Silencing Device for Firearms
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s 1 763 287 10 Jun 30 Z, Wilman Damping Appratus for Prevention of
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1 773 443 19 Aug 30 Z, Wilman Silencer, etc,
1 874 326 30 Aug 32 W. P. Mason Sound MufÒer

1 939 700 19 Bec 33 C. F, Hopsetter Muzzle Attachment for Guns
1 972 065 28 Aug 34 Q. G. Noblitt MufÒer
1 990 837 12 Feb 35 S$. H. Morgenstern Exhauster for Internal Combustion Ergine
2043 731 9 Jun 36 R. B. Bourne Sound Attenuating Device
2 087 594 20 Jul 37 M. E, Evang Projectile
2101 849 14 Dec 37 5. G, Green Muzzle Attachment for Guns
2101 850 14 Dec 37 5. G, Green Muzzle Attachment fer Guns
2112 831 5 Apr 38 R. M. Cutts Compensation for Ordnance
2128 936 6 Sep 38 5. G. Green Muzzle Attachment for Guns
2 143 596 10 Jan 39 N.J.A, Galliot, etc, Recoil Absorber for Firearms

,2 150 161 14 Mar 39 5. G, Green Muzzle Attachment for Guns
2 184 595 26 Dec 39 Hughes

2194 484 27 Feb 40 Hughes

Patents - United States

No, Date Inventor Title

2191 648 27 Feb 40 N.J.A. Galliot, etc. Recoil Absorber for Firearms

2 208 093 16 Jul 40 J. L. Brown Gun Silencer & Scavenger

2 212 685 27 Aug 40 R. H. S&S. Hughes Control Device for Control of Recoil

2 212 686 27 Aug 40 R. H. 5, Hughes

2 216 653 1 Oct 40 J. Sauer Suction MufÏer

2 223 O14 26 Nov 40 N. J. A. Gallict, etc

2 233 804 4 Mar 41 R. B. Bourne Fluid Silencer

2 241 768 13 May 41 F. E, Deremer Silencer Construction

2 283 607 19 May 42 A, J. Ludwig MufÒer Device

2 348 114 2 May 44 A, M. Dow Gun Stabilizer

8 2351 037 13 Jun 44 5S, G. Green Stabilizer for Guns
~ 2 375 617 R May 45 R, B. Bourne Gun Silencer

2 403 699 9 Jul 46 E, E. Wilson Resonator Silencer

2 442 773 8 Jun 48 W. P. Mason Sound Suppressor

2 448 382 31 Aug 48 W. P. Mason Silencer

2 449 571 21 Sep 48 B. Walker Silencer for Firearms

245) 514 19 Oct 48 J. E, Sieg Compensator for Guns

2 457 802 4 Jan 49 A, Bauer Silencer & Recoil Reducer, etc,

2501 306 21 Mar 50 P. E. Bessiere Silencer with Flat Semicylindrical Ex-

pansion Chamber

2503 49] 11 Apr 50 R, Janz Gun Silencer Including Side Branch Chamber

2514 996 11 Jul 50 C, H. Faust Flash Eliminator & Silencer for Firearms

2 625 235 13 Jan 53 C. P. Caulkins Discharge Silencer & Recoil Compensator

2 868 O78 13 Jan 59 W. J. Jarrett Noise Reducer for Gun

3134 330 26 May 64 B. Batou Projectile

3138 991 30 Jun 64 R. L. Malter Firearm Muzzle Attachment & Projectile

ena rE
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Patents - France

No. Date Inventor Title

12, 850 26 Nov 10 M.R.A. Moore Silencer

74, 757 17 Sep 17 E, Berthoud Silencer

401, 168 20 Aug 09 M. H. S. Maxim Silencer

492,535 25 Mar 19 E, Rossignol Silencer

493, 462 9 Aug 19 M. J, Barlowatz Silencer
498, 339 8 Jan 20 M. R, Brevpaire Silencer

$10. 683 9 Dec 20 M. J. Brun Silencer

634,990 3 Mar 28 M. L. Bielecki Silencer

644, 379 5 Aug 28 J, Duchenet Silencer

w 647, 561 26 Nov 28 M, F. Wilman Silencer

4 684, 938 2 Jul 30 M. J, Vergne Silencer

737,125 7 Dee 32 A.G. I. R, Silencer

786. 143 27 Aug 35 Kagan, etc, Silencer

786, 895 11 Sep 35 E. G, Caron, etc, Silencer

B56, 238 18 Mar 40 H. Liberia Silencer

858. 032 15 Nov 40 A. Chantreux Silencer

864,735 3 May 41 E, Pister Silencer

866. 587 20 Aug 41 P,C.F, DuBois Silencer

911. 148 28 May 46 M. Marcel Silencer

918, 658 14 Feb 47 J. J. Stapelle Silencer

981, 733 30 May 51 H, A. J, Guarniery Silencer

981, 869 31 May 51 J, A. Mouret Silencer

1,003,025 14 Nov 52 5, A. Silto Silencer

1.021, 270 26 Nov 52 L. Baer Silencer

1,123, 835 18 Jun 56 J. M. Lefebore Silencer

Patents - Germany

No. Date Inventor Title

B 453 5 Jun 28 Cc, A, Aeppeli Silencer

144 415 3 Mar 01 R, Schultz Silencer

150 359 20 Dec 02 H, Bandish Silencer

172 498 21 Sep 05 F. Hauvsesner Silencer Attachment

191 758 2 Jun 19 A, M. Low Improved Silencers for Guna

210 314 19 Apr 08 B. Gavriloff Gun Silencer

212 126 14 Feb 08 E. K, Kloesz Gun Silencer

214 226 3 Nov 08 W, Kristandt Gun Silencer & MufÒer

215 488 16 Apr 08 P. Schader Gun Silencer

231 957 4 Sep 09 P, Klan Gun MufÒer

rs) 241 846 11 Jul 09 Cc, Billerbeck Silencer

Fes 298 935 19 Jan 15 P, Schauer Silencer
301 229 30 May 16 F. Stendenbach Silencer for Small Arma

303 306 2 Jun 17 B. Hass MufÒer

314 192 4 Aug 17 0, Hoffmann Gun MufÒer

314 842 29 Nov 17 K, W. Hess, etc Silencer

316 274 25 Oct 18 K, Schenkl MufÒer

317 577 9 Jan 17 G, Nothiger, etc, MufÒer for Pistol

351 625 1 Dec 17 W, Altendorf MufÒer

629 404 9 Apr 36 H. Eissfeldt MufÒer

665 167 4 Mar 36 Sewais Silencers, Ltd. Absorbtion Material

695 929 28 Feb 39 K, Rehor Silencer

732 487 20 Apr 38 W. Klaus, etc, Silencer & MufÒer



No.

104 199

125 148

166 851

308 572

498 775

5B1 974

$0
z

20 302

47 405

35 748

No.

401 021

401 755

402 478

415 686

472 688

Date

21 Feb 17

17 Apr 19

28 Jul 21

1 May 30

13 Jan 39

31 Oct 46

3 Dec 08

30 Apr 28

15 Mar 26

Date

2 Jan 43

30 Jan 41

10 Mar 43

28 Oct 46

27 Jun 52

Patents - England

Inventor

E, W. Thompson

D. Samia

J. Taliaferro

Coll. Worobjeff,

D.S, 0.

F. G, Barnes

W, A, Kulikowski, etc,

Patents - Norway

H, P. Maxim

Bror Witt

Patents - Denmark

f. S, Anderson

Patents - Austria

F, Nemet

Inventor Title

A. B, aTorino Silencer

L. M, aCastel Silencer

Verres

E, A. aMadellio Lario Silencer

E, G,. aBologna Silencer

A, T. aGrisolera Dissipative Silencer

Patents - Italy

Title

Gun Silencer

Improvements in or Relating to Mortars

and Like Firearms

Improvements inSmallArms & Machine Guns

Improvements in or Relating to Silencers

in Firearms

Improvement in & Connected with Attach-

ment to Firearms

Improvements in & Relating to silencing

of Firearms

Silencer

Silencer

Silencer

Silencer
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