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Report R-1896 — Silencers: Principles and Evaluations

SILENCERS

LEONARD W, SKOCHKO HARRY A, GREVERIS

AMCMS Code 5542.12, 46801. 02


ABSTRACT





INTRODUCTION

Throughout the history of firearms, gun noise has been of considerable 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 eliminate 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 generation and attenuation in a small arms weapon. Perhaps the failure to theoretically define noise problems can be attributed to the virtual nonexistence 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 evaluation 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 ackground Many of the above theoretical knowledge. T to be essential and experi

8 presented were taken in the far field © weapon, This permitted application of of the sound Scope trace during the firing cycle,

. A dibligoraphy of books, lencing a weapon is included fo: to basic sciences were include: to such works in Preparation o. theoretical efforts, directly p sented as appendices, reports, and patents pertinent to sirT reference, Works pertaining more Sony when specific reference was made "aS Tepert. <A few of the fragmentar ertinent to Silencing a weapon, are pre.


SILENCER PRINCIPLES


	

	3 This effect, » Tequires attention in i n8ignifica: Silenced systems



3, Air or propellent gas discharge {or inflow) following projectile 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 asilenced 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 asawtooth configuration, beginning with a shock and ending with an exponential pressure decay with time. In some sijlenced weapons this precursor sound pulse constitutes the dominant noise source.

The abrupt exit of the projectile itself generates asubstantial noise in some silenced weapons. This is especially common in weapons 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 discharging 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 ee * Py This phenomenon i 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 precede, 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 fluctuation 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 discharging jet. In such cases both the amplitude and the dominant frequency of the jet noise can be substantially altered by changing the bafÒe spacing within the silencer.

Presently the exact relationship between asound Signature and the corresponding effects occuring in asilenced 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 apressurized 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 volume results in acorresponding 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 absorption, 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 material 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. ae

; Another method of effecting large heat losses in the silencer is to introduce aforeign substance, preferably a highly volatile solid or liquid, into the propeilent gas just prior to projectile exit frum the

* 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 present 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 technique would not be expected to reduce the initia! propellent gas discharge rate aiter projectile exit, it does have anatural 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 1936in Germany). The disk closes off the internal silencer cavity unless 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 expanding 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 distribution 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 projectile exit from the weapon. One of these prescribed the use of a metal gate to close the gun barrel immediately after projectile passage. 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 proceed 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 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 output 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@ paramoun t effect on the validity of recorded sound data, Some microphone systems were found to have insufÏcient response while others disterted 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 recommended 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 Preintended, 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 ine, internal pressure, , thus reducing i B the projecti 1 ject ite muzzl. zle

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 asufÏcient 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 the jacket noise was Components found to be a remarkably good attenuator). Noting on the trace thus attenuated or completel: liminated, positive identification was made of the weapon's breech noise this, and the first noise emitted from the weapon muzzle Following cope traces were made with the weapon muzzle taped over with heavy elastic tape, This determined the r ative time of projectile t i E i e 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 i of 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. apon noise i sources lis: i scope traces. ted with the f Analysis of all o identification ollowing sound in practi P ice, all sound measurements and loudness judgements are the apparent made i 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 weapon 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 aParker-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 aseries 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 functional parameters of the Hi-standard pistol and the "'French" silencer.

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 p istol 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.
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Figure 2.

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
	volume

Free
	2

38

in

3



	
	
	
	,



	
	G
	Pistol weight (without

silencer)
	



	
	
	
	2,75 lb



	
	
	Time between precursor and projectile exits from
	



	
	
	silencer (estimated)
	0.95 ms





- w y = 540 pbare/cm x= 0,5 ma/om
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Figure 3, Sound Pressure-Time History, five meters to side, Caliber ,22 Hi-standard Pistol (Unsilenced), Using Long Rifle Cartridge y = 108 phars/cm x = 0.5 ms/om lcm = 1 major division aoPrimer Initiation
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Precursor Exit from Barrel oe Projectile Exit from Barrel

Fy Precursor Ground Reflection (Unsilenced), Using Long Rifle Cartridge
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Lg es 136 db

The sound signature of aHi-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 p istol. 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 p in 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 weapons 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 projectile 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 aShort 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 silenced weapons were bulky and still detectable at close ranges. Because of low lethality, it is doubtful if the Hi-standard pistol described herein found very wide application.
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Projectile Exit from Barrel Lg « 135 db

GBoOeCO Fracuraor Ground Reflection

Figur é@ 6, Sound Pressure-Time History, five meters to side, Caliber ,22 Hi-standard Pistol (Unsilenced), Using Short Cartridge (29-gr projectile; velocity, 1050 fpa; peak pressure, 16000 psi)
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Figure 8, 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 asilencing 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.

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.
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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 12, Caliber .22 Silenced AAI Experimental Test Fixture
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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 isessentially 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 aNegator spring, presumably to give adaptability to both the Short and the Long Rifle cartridges. Surrounding the barrel is a silencing tube which forms an expansion space for the propellent gas escaping through the barrel bleed holes. The expansion space is divided by six bafÒes which isolate each set of bleed holes 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 principle, 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 projectile 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 barrel bleed holes, resulted in apeak 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 apeak y = 78 pbars/om x 70,5 ms/om e 3° A ta dda~ Me i-] 2a alsa et
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Sound Pressure-Time History, five metats to side, Caliber .22 Silenced AAT

Experimental Test Fixture, Using Long Rifle Cartridge

Figure 14.

SPL of 101 db, Shortly after the precursor and blow-by, the projectile 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 recently were refined, consist of casting the molten metal over a salt configuration and dissoiving the salt after the metal hardens. Presently, 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 relatively 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

Figure 15, Cross section, Caliber , 22 Hi- standard Pistol/FA Silencer
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Caliber ,22 Hi-standard Pistol and FA Silencer (with Tape Removed), Disassembled Figure 17.








	Projectile
	




	{Leng Rifle)

Weight
	40 gr



	Diameter
	0, 225 in,



	exit)

silencer

(at

Velocity
	1050 fps



	exit)

silencer

(at

Energy
	98 ft-lb



	pressure {estimated}

ballistic

peak

Travel

at
	0.4 in.



	barrel

Travel

in
	7.0 in.



	barrel

in

Travel

time
	0.65 ms {approx)



	time in silencer

Travel
	0,47 ms



	Propellant
	



	web

~ 0.003 in.)

flake,

base,

(double

Weight
	17 gr (+ 0.2gr



	
	primer}



	Chamber volume
	0.016

in,

3



	Ballistic pressure
	



	Peak
	24,000 psi



	At barrel muzzle {estimated}
	1, 000 psi



	Silencer
	



	Passage diameter (for projectile)
	0. 23 in,



	Weight
	0.47 lb



	Totai free volume
	5,6

in,3



	Total pore volume
	4,9

in,

3



	Mean pore diameter (approx)
	in

3

0,04

,



	Porous aluminum deasity
	Ib/in.

3

043

0,



	Pistol weight (without silencer)
	2,75 lb



	Time between precursor and projectile exits
	



	from silencer {estimated}
	0.90 ms





y = 20 ubers/em 0.5 ms/em lcm = 1 major division

Microphone; B&K 4135
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Sound Pressure-Time History, five meters to side, Caliber ,22 Hi-standard Pistol/ FA Silencer, Using Long Rifle Cartridge Figure 18, (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 described) 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 projectile. 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 eccentric with respect to the rifle bore, It attaches to the military Springfield 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 rearward and off-center from the silencer and the rifle bore axes.

[image: Figure, page 26]

Figure 19, Cross section, Caliber .30 M1903 Rifle/Maxim Silencer
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Figure 21, Maxim Silencer for Caliber ,30 M1903 Rifle

TABLE V. Caliber . 30 M1903 Rifle/Maxim Silencer








	Projectile
	




	Weight (Match}
	175 gr



	Diameter
	0, 309 in.



	Velocity {at silencer exit)
	1050 fps



	Energy {at silencer exit)
	431 ft-Ib



	Travel at peak ballistic pressure

{estimated
	0.4 in,



	Travel in barrel
	22,0 in,



	Travel time in barrel
	2,3 ms (approx}



	Travel time in silencer
	0,56 ms



	Propellant
	



	Weight (M9 double base,

flake, web ~ 0,003

in,}
	7.6 gr (+ 0.5 gr



	
	primer)



	Chamber volume
	0,

30

in.

3



	Ballistic pressure
	



	Peak
	20,000 psi



	At barrel muzzle (estimated)
	1,000 psi



	Silencer
	



	Passage diameter {for projectile)
	0, 375 in,



	Weight
	0.63 Ib



	Free volume
	4,0

in,

3



	Outside diameter
	1,0 in.



	Length (beyond gun barrel)
	7.0 in.



	Rifle weight (without silencer)
	5 ib



	Time between precursor

and projectile exits
	



	from silencer {estimated}
	1,44 ms





The Maxim silencer bafÒe configuration induces the gases, _propagating down the silencer, into avortical 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 performance (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 asubsonic 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 turbulence 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.

St y = 896 pbars/cm x = 0.5 ms/em loom = 1 major diviaion
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	@ Primer Initiation Ly = 93 db

	@) Precursor Exit from Barrel Lg = 119 db

	@ Projectile Exit from Barrel L3 =137 db



Figure 23, Sound Pressure-Time History, five meters to sida, Caliber .30 M1903 Rifle {Unsilenced), Using Subsonic Cartridge y = 43 pbars/em x = 0.5 ms/em

[image: Figure, page 29]

2 cm =1 major division

Microphone: Altec BR 150

@ Primar Initiation Ly = 93 db

@ Precursor Exit from Silencer Lp = 93 db e) Blow-by Exit from Silencer L3 =100 db

@) Projectile Exit from Silencer L4 =113 db
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-Time History, five meters to side, Caliber ,30 M1903 Rifle/Maxin

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, e 3 . & a pulkiness, 4 a3 8 8 itis doubtiul if the weapon was widely utilized.

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 & gt;* 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 p t 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).



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

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
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TABLE VI, Caliber . 30 Silenced Ml Carbine











	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
	108

pr

0.

306

in,

1058 fps

270 ft-lb

0.5 in.

9.2 in,

i. 30 ms (approx)

0.56 ma
	Fl

2

&
	5

no.

So aw

sf
	d

3

A]

ZF

un

42a

2

8




	Propellant
	
	>»
	*
	8



	Weight (WC820

double base,

spherical

granulation

0.013 by

0,009 in.)

Chamber

volume
	13 gr (+ 0.3

gr

primer}

0. 062 in,

3
	
	
	a



	Peak ballistic

pressure
	31,800

psi
	
	
	



	Silencer
	
	
	
	



	Passage diameter

{for projectile}

Free volume
	0. 375 in,

10, 3 in,

3
	
	
	



	Carbine

weight (without

magazine)

Sileaced

Standard

unsilenced
	6,75

Ib

5 lb
	
	
	



	Time between

precursor and Projectile

exits

from silencer

(estimated)
	0,41 ms
	
	
	





[image: Figure, page 32]

[image: Figure, page 32]

&

=

2 ZF

Sound Pressure-Time History, five maters to side, Caliber .30 Silenced MI Carbine Figure 28,

Ls ry 118 db (average)

Ly w 94 db

Lg = 112 db

L3 = 122 db (DS Gun Barrel Muzzle Blow-by Exit from Silencer

4) Projectile Exit from Silencer a

@) Bleed Hole Blow-by Exit from Silencer

YD Primer Initiation

) Propellent Gas Discharge Turbulence and

Reverberations within Silencer

Ly = 119 db discharge turbulence occurring at this time. An approximate value of 119 db peak SPL was wssigned to the projectile exit pulse. Following 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 agradual 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

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.

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,

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 silencing effect.

[image: Figure, page 33]

* See Figure 35.
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® ang ie 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 through the center,
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Figure 33 shows and identifies Pood & the various sound constituents 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 : 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 , Cartridge case seemed negligible,

Silencer The muzzle, next significant sound pulse (pt 2) was emitted from the propellent It was identified as the Pressure wave due to the way gases exiting through the bleed holes and finding their ahead of the projectile. The peak SPL of this pulse was 118 db, 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 projectile resulted Positive ina Positive pulse (pt 4) of 126 db peak SPL, The sound pulse 0.2 ms after pt 4 was due to reverberation | Side inthe weapon, ei] fad ©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, sleeve the gun with old bafÒes sounded likea somewhat with ioud snap. Fired new bafÒes, it sounded likewise snappy, but substantially quieter.





Caliber . 32 Silenced Welrod Pistol

The caliber , 32 pistol close resemblance to the 9 (Figures 35 and 36 and Table VUOi) bears mm Welrod pistol* developed in Britian g a 4 aot 32 g.8 | o nm FS & gt;# 8 E a Z
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TABLE VIL. Caliber . 32 Silenced Welrod Piatol

[image: Figure, page 38]

Caliber ,32 Silenced Welrod Pistol

Figure 36, 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 specifically designed to be "silent." It had been provided with asuitable Silencer anda relatively quiet breech mechanism. Although its clip {the pistol handle) holds eight rounds, the Pistol requires slow manuai reloading for each shot,

Internally, the caliber . 32 Welrod pistol consists ofa metal tube surrounding and extending beyond the pistol barrel, The barrel has a series of 20 holes {0.062 inch in diameter} drilled around its pe-Tiphery. The holes are positioned in the five rifling grooves and lead to the surrounding expansion chamber. This chamber is Sep~ arated from the front silencer Section by a bafÒe which has 12 heles barrel {0. 062 inch muzzle, in diameter), The silencer Section, extending beyond the rubber is four inches jong and contains a series of metal and the metal bafÒes, The rubber bafÒes are spaced intermittently between bafÒes (Figure 35}. The projectile passage diameter steel in the bafÒes is 0.375 inch. The passage diameter bafÒes, in the oid rubber rubber when tested, was approximately 0.25 inch; when new, the 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 blow-by (pt 1, Figure 37), bleed hole and positive {pt 2), and projectile exit (pt 3}. The high SPL (~112 db} nature of the first sound pulse {pt I) identify caused by it as that igenerated gas by leakage around the cartridge case. The blow-by wave 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 approxblow-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

y = 78 pbare/em x = 0.5 ms/em lcm # 1 major division Microphone: B&k 4135
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Primer Initiation (rT, Blow-by Exit (through Blead Holes) from Silencer

Ly = 112 db

Ly = 118 db

Ly = 122 db

3) Projectile Exit from Silencer 4) Bleed Hole Blow-by Ground Reflection

The 9 mm Welrod Pistol, except for size, is externally very Similar 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 barrel is surrounded by a tube which, together with the threaded front bushing, forms an expansion chamber f the bleed holes. the weapon's silencer, bushing. It attaches to the pistol by means of athreaded metal, The inside of the Silencer section contai:nS aBeries of Steel rubber, and felt bafÒes Separated by a perforated, spool-iike spacer. The passage through the steel bafÒes and Spool is approximately 0,43 inch in diameter, ons, front and ch has sixteen

The pistol examined at Frankford Arsenal Contained three flexible bafÒes - two rubber and one felt, The projectile passage through new, these bafÒes was approximately 0.35 iach in diameter. When however, the silencer the flexible bafÒes probably completely closed off cavity; therefore, bafÒes records were also made with new tested weapon, containing only an X-slit, Not knowing the condition of the most firings were made with areduced charge cartridge (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 retable {and barely visible ime the firing Pin hit the Figure 40) had apeak SPL of approximately leakage around the cartridge case, The the gun, The high due to the precursor shock exiting from of gas SPL of this pulse (131 db) Suggests a possibility leakage past the projectile, Any bypassing of the propellent
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9mm Silenced Welrod Pistol Figure 39,








	Projectile
	



	Weight
	115 gr



	Diameter
	0.357 in,



	exit)

silencer

{at

Velocity
	$40 fps



	exit)

silencer

[at

Energy
	106 ft-lb



	pressure (estimated)

ballistic

peak

Travel

at
	0.4 in.



	barrel

Travel

in
	4,7 in.



	stimated)

gun barrel

[e

in

Travel

time
	0.71 ms



	silencer

in

Travel

time
	0,60 ms



	Propellant
	



	in

}

003

, web

~ 0

flake

base

double

Weight

{M9

,

,

,
	3 er (+ O.3 gr



	
	primer)



	Chamber volume
	in

3

0

038

,

,



	Ballistic pressure
	22, 400 psi



	Peak
	



	(estimated)

hole

first

At
	10,600 psi



	{estimated

muzzle

gun barrel

At
	200 psi



	Silencer
	



	portion)

(front

Weight
	0.63 Ib



	gun barrel

around

volume

Free
	2.3in

.3



	portion

front

in

volume

Free
	3

in,

4,3



	passange diameter

Projectile
	



	Silencer spool
	0, 43 in,



	In old rubber bafÒes
	0. 35 in. (approx)



	bafÒes

new rubber

Through
	X-slit



	silencer)

the

{with

weight

pistol

Total
	3.5 Ib



	projectile

exits

precursor and

between

Time
	



	{estimated)
	6,91 ms



	silencer

from
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y © 450 pbars/em x = 0.5 ms/om

Lom = 1 major division

Microphone: B&X 4135


	Primer Initiation

	Precursor Exit from Gun Barrel Muzzle 11 =131 db

	ORORG) Projectile Exit from Gun Barrel Muzzle La =131 ab



L, = 105 db

Figure Silencer Sound Pressura-Time Section), Using History, five maters to side, 9mm Silenced Welrod Pistol (1, Reduced Charge Round (ieee y = 90 pbars/om x= 0.5 ms/om
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1 em = 1 major division

Precursor Exit from Muzzle Ly = 111 db

.& Blow-by Exit from Muzzle L3 =119 db fac Ne Projectile Exit from Muzzle Ly = 124 db

Primer Initiation Ly = 105 db

Té (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 projectile in the spool spacer, constituted the second loudest sound source of the system. This blow-by sound pulse (pt 3) had apeak 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 guerrillas 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 amodified version of a standard unsitenced Sten submachine gun. The modification consisted essentially of reducing the bolt weight, shortening y = 195 pbars/om x= 1 ma/em lem © 1 major division Microphone: B&K 4135
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	@ Primer Initiation Ly = 105 db

	@) Projectile Exit Ly = 125 db

	® Ground Reflection



Figure 43, Rubber Sound Pressure-Time BafÒes, Using History, Standard five meters to side, 9 mm Silenced Walrod Pistol with New NATO Round (Pro jac!tile Muzzle Velocity, 930 fps)
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Fu the bolt spring, and Substituting the replaceable barrel with a sijenced 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 insulated with acoustical material, this to attenuate the weapon's mechanical 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 essentially of a drilled length of standard 4 inch long gun barrel anda surrounding silencing tube which extends beyond the gun barrel muzzle. 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 bleeding 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 adiametral 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 standard 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 aconsiderable 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 essentially contain only the system muzzie noise,
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Microphone: Altec Br 150
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Figure 47, Assembly, 9mm Silenced Sten Submachin Test Fixture ¢ Gun Barrel (Type J) in

[image: Figure, page 47]

The sound pressure history of the Type I silenced Sten with the test fixture is shown in Figure 49. Time corretrace with the various functional effects occurring in the ng firing indicated that the five Principal noise sources were: primer initiation blow-by (pt 1, Figure 49), precursor wave exit (pt 2), exit (pt 3}, Projectile exit {pt 4), and reverberation and jet noises 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 The in nature, peak SPL of this noise five meters from the System was approx~ imately 93 db, The Precurscr wave formed from in the gun barrel exited The the silencer approximately one ms after the firing pin bottomed, had a precursor peak sound pulse, although not very distinct, seems to have by-passing SPL of about 94 db, The blow-by wave, caused by gases and the projectile The in the Silencer, exited 0, 3ms5 later. The sound pulse (pt 3} due to this blow-by had apeak SPL of 104 db, The projectile exited approximately 0.4 ms after the blow-by wave. efÒux of gases following the Projectile exit was fairly mild since the event was barely distinguishable from the secondary acoustical effects {such as reverberations and turbulence) occurring at this time, The noise generated during this event seems to have jet turbulence, The Sequence and oise are inconsistent, in general, the maximum for any one given round of 112 and average peak SPLs of this noise are in the vicinity: 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



tcl, Silenced Sten Barrel, T It type It

Externally, are almost identical, the Type I and Type I silenced Sten barrels The two barrels are also Similar in principle;

y = 78 phare/cm x= 0,5 ms/om lem = 1 major division Microphone: B&K 4135
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Reverberations within Silencer

Gun Barrel (Type I), in Test Fixture

Figure 49,

Sound Pressure-Time History, five maters to side, 9 om Silencad Sten Submachine however, each contains aslightly 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, presumably 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 apeak SPL of 104 db, The next, and highest, sound pulse {pt 4) was generated by the exit of propellent gas which bypassed the projectile through the modified front bafÒes, Exit of this blow-by wave Gave rise to apulse of 113 peak SPL, The projectile exited approximately 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 prolonged noise {pt &) of approximately 100 db peak SPL, Characteristically, 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. 9mm Silenced Sten Submachine Gun, Type ik Barrel








	Projectile
	




	Weight
	115 gr



	Diameter
	0, 356 in,



	Velocity (at silencer

exit)
	1000 fps



	Energy {at silencer exit}
	258 ft-ib



	Travel at peak ballistic

pressure (estimated)
	0.3 in,



	Travel in barre]
	3,1 in.



	Travel time in

barrel {estimated)
	0.3ms



	Travel time in

silencer
	0.91 ms



	Propellant
	



	Weight (WCC-6102, double

base, web ~ 0, 003

in,

)
	6 gr G4

0.3 gr



	Chamber

volume
	primer)

0,038

in,

3



	Ballistic pressure
	



	Peak
	



	At barrel

muzzle (estimated)
	31,000 psi



	
	400 psi



	Silencer Characteristics
	



	Passage diameter

(for projectile}
	0,50 in,



	Passage diameter

in old felt bafÒes

(when tested)
	0.3 ia,



	Free volume around

gun barrel
	2.7

in,

3



	Free volume

in front silencer

portion
	13,0 in.

3



	Silenced barrel
	



	Weight
	



	Length
	2.5 Ib



	Diameter
	13.5 in,



	
	1.5 in,



	Standard Sten

gun barrel length
	6 in,



	Silenced submachine

gun weight (without

magazine)
	7.9 lb
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® Bleed Hole Blow-by Ground Reflection Sound Pressure-Time History, five meters to side, 9 mum Silenced Sten Submachine Gun Barrel (Type IT), in Test Fixture Figure 51.

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 removing the front sight and securing the silencer to the barrel muzzle with an adaptor sleeve. Although it is rather bulky and acoustically 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 exiting 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 a0, 35 inch diameter projectile), The following sound data are from the firings made with aspecial subsonic cartridge {see Table XII).



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 precursor exit from the gun muzzle. This pulse had apeak 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.

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. sapproximately 99db, The next
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TABLE XIi. 93mm P38 Walther Pistol/AAI Silencer
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3mm P38 Walther Pistol/AAI Silencer

Figure 53,








	Projectile
	



	Weight
	115 gr



	Diameter
	0, 356 in.



	Velocity { at silencer exit)
	925 fps



	Energy { at silencer exit)
	220 ft-lb



	pressure (estimated)

ballistic

at peak

Travel
	0. 4 in,



	Travel in barrel
	4,35 in.



	Travel time in barrel
	0, 46 ms {approx}



	Travel time in silencer
	0,43 ms



	Propellant
	



	web

~ 0.003 in.)

flake,

(M9, double

base,

Weight
	3 gr(+0.3gr

primer)



	Chamber volume
	0. 038

in,

3



	Ballistic pressure
	



	Peak
	22,400 psi



	At barrel muzzle
	1,800 psi



	Silencer
	



	Passage diameter (for projectile}
	0,50 in,



	Weight
	3 ib.



	Free volume
	in.

3

19



	Pistol weight (without silencer)
	2,1 Ib



	Time between precursor and projectile exits
	



	from silencer
	0,43 ms





£6 y = 450 ubars/om x= 0,5 ms/om lcm - 1 major division
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Microphone: Altec BR 150


	@) Precursor Exit from Muzzle Ly = 127 db

	@) Projectile Exit from Muzzle Lg = 139 db

	@) Projectile Exit Ground Reflection



Figure 54, Sound Pressure-Time History, ten materg to side, Silencer, Using Subsonic Cartridge 9 um P38 Walther Pistol without y = 90 pbars/om x = 0,5 ms/om
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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 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.



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,

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 Nene positive pulses five meters to the side of the MPK were, respectively, 131 and 140 db peak SPL,

[image: Figure, page 54]

[image: Figure, page 55]

Figure 57, 9mm MPK Walther Submachine Gun and West German Silencer hihidin he Ph, ! ileal
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TABLE XTi, 9 mm MPK Walther Submachine Gun/German Silencer










	Projectile

Weight

Diameter
	115 gr

0

356

in
	g

ae
	




	Velocity (at silencer

exit)
	1000 fps
	Ey

5

3
	



	Energy {at silencer exit)
	255 ft-ib
	ri

5

>
	



	Travel at peak ballistic pressure

(estimated)
	0.4 in,
	4

>

gs
	



	Travel

in

barrel
	6.

32

in,
	aoa

q
	



	Travel time in barrel (estimated)
	0,62 ms
	4

a

a

g
	2

a



	Travel time in silencer
	0.79 ms
	°

°

1

&
	"3



	
	
	6

OF

>

x
	a4



	Propellant
	
	eo
	wou



	Weight

(M9, double base, flake,

web ~ 0, 003in,)
	3gr{+O.3 gr

primer}
	a8
	3

ss



	Chamber volume
	0.038 in. 3
	
	



	Ballistic pressure
	
	
	



	Peak
	22

400

psi
	
	



	At

barrel muzzle {estimated)
	,

1,400 psi
	
	



	Silencer
	
	
	



	Passage diameter (for

projectile}
	0.41 in,, 0.44 in,
	
	



	Weight
	and 0.55 in,
	
	



	Free

volume
	1,5 1b (approx)

15,0 in, 3
	
	



	Unsilenced

submachine

gun weight

(without

magazine)
	6

Ib

.2
	
	



	Time between precursor

and projectile exits

from
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e) Projectile Exit from Barrel @ Precursor Exit from Barrel

@ Precursor Ground Reflection i 5 °a 3 & g «3 8 a 8 2 a RB Ea1 BE FI F4aob Ba33n without Silencer, Using Subsonic Cartridge Figure 59.

Silencer (estimated) 0.69 ms

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 acartridge, 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 cartridge,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 apulse {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 exited 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 asomewhat mufÏed clap, immediately followed by a diminishing hiss.

Caliber .45 Silenced M3 Submachine Gun (Figure 63)



a Bell Laboratories er Silenced Barrel tatories sitenced Barrel

During World War II, Bell Laboratories investigated siiencing of various weapons, including the caliber . 45 M3 submachine gun.

y = 208 ybars/em x= 0.5 ms/cm 1 cm + 1 major division
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Microphone: B& 4135
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Figure 61, Sound Pressure-Tima History, five meters to aide, West German Silencer, Using Subsonic Cartridge 9 mm MPK Walther Submachine Gun/ y © 210 pbars/cm x © 0.5 m3a/om
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Loom = 1 major division
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£01 ed M3 barrel (Figures 64, 65 and 66, and Table XIV) was A silence designed and presented to the Infantry Board for evaluation. Conciusions from the tests were that the silenced M3 was quiet, but still detectable at close ranges, A thousand silenced barrels were reportedly built and supplied for use by the OfÏce of Strategic Services (055).

[image: Figure, page 59]

The Beil Laboratories silenced barrel consists essentially of adrilled 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 surrounds 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 barrel 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 astandard 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 discharge 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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Disassembly, Caliber .45 Bell Laboratories Silenced M3 Submachine

Gun Barrel

Figure 66.

TABLE XIV. Silenced Barrel Caliber . 45 M3 Submachine Gun/ Bell Laboratories








	Projectile
	235 gr



	Weight
	0, 450 in,



	Diameter
	768 fps



	exit)

silencer

Velocity

(at
	310 ft-Ib



	exit)

silencer

{at

Energy

(estimated)

ballistic
	



	peak

Travel

pressure

at
	0,22 in,

7.4 in.



	barrel

Travel

in
	0.95 ms



	(estimated)

barrel

in

Travel

time
	



	time in silencer

Travel
	0.69 ms



	Propellant
	



	web~

in.)

flake,

0,003

double

base,

Weight

{HPC1,
	5 gr {+ 0.4 gr



	
	primer)



	Chamber volume
	0.061
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Figure 67, Sound Pressure-Time History, (standard, 7,5 inches ten met long in Tese eae Caliber ,45 Submachine Gun Berrel y * 23 pbars/om x = 0.5 ma/om
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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

TIL 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 arespectable 310 ft-lb. This is only slightly less than the energy of acaliber .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,



em AMF Silenced Barrel enced Sarrel

The AMF silenced M3 barrel (Figures 69 through 72 and Table XV) is an experimental item manufactured in the 1960! American Machine and Foundry Company [AMF}. long gun barrel and a1, 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 throughfive out its length with closely stacked wire mesh discs, separated by irregularly positioned rubber discs, In the silenced barrel tested at Frankford Arsenal, the projectile Passage through the rubber discs was approximately 0.5 inch in diameter, Originaliy, these discs probably partially or completely closed off the silencer interior. that The gun barrel of the AMF system is 2 inches shorter than of a standard M3 weapon. This, however, results in only a slight reduction in projectile velocity, s by It utilizes a5.6 in, ube which surrounds eas the space surportion of the tube with The AMF silenced barrel was tested at Frankford Arsenal a single shot fixture, shown in Figures 71 and 72. Figure 73 shows 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]
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y " 230 pbara/cm x= 0,5 ms/om

1 om * 1 major division

Tape Recorder: Ampex 351

Microphone: Altec BR 150

Ly = 113 ab

Lz = 130 db

Sound Pressure-Time History, ten meters to side, Caliber .45 M3 Submachine Gun Barrel (5.6 in, long), without Silencer, in Test Fixture

Figure 73,

[image: Figure, page 66]

D Precursor Exit from Muzzle ()) Projectile Exit Ground Reflection @ Projectile Exit from Muzzle 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 characterized by a relatively sharp crack, perhaps only slightly quieter than that of astandard 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

[image: Figure, page 67]
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Figure 74. Sound Pressure-T M3 Submach ime History, five meters to side, Caliber .45 AMF Silenced ubmachine Gun Barrel in Tast Fixture
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Mew (lonttve tare Dil Hew 4 (with gun barrel bleed holes) generated a large sound pulse due to bleed hole blow-by, In all weapons except the caliber .45 Bell Laboratories 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 apeak 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 sufÏcient to induce a slow, but noticeable, change in the shape of the various major pulses toward that of abalanced N-wave.

Throughout the sound tests, efforts were made to note how each weapon sounded to a listener, particularly in terms of quality and relative 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 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 recognizable shocks seemed more piercing.

Although the quality of each sound signature was definitely recognizable, 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 silenced 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 asilenced 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 C

* See Appendix F 122


	

	







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 ballistic crack acquire approximately the proportional relationship shown below.

[image: Figure, page 69]

Here the aound field consists essentially of ballistic crack, muzzle blast, and muzzle blast passed over by ballistic crack. 'The accoustical significance of ballistic crack and muzzle blasthave been previously 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,

In the far field, the ballistic crack cone is nearly gential to Mach @ yt vanishes altogether. the blast wave sphere. and at Mac!

trajectory depends solely on the projectile velocity.46 It is expressed weapon ceually loud and far ranging ballistic ceack will ou Per sist

where M = projectile Mach No.

The azimuth angle from the weapon to the tangency point of blast and ballistic wave envelopes is expressed py:

θ=tan−1(M2−1) \theta = \tan^{-1}\left(\sqrt{M^2 - 1}\right) \tag{2} 

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

[image: Figure, page 70]

PROJECTILE MACH Wo. No 127 is seen that, with the usual supersonic projectile velocities, it is 5 essentially 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 tfront ci eper of 6. At Mach 1.5, the cone detreases to about above data find applic v n ee hus although the silencer will effective ation when silencing 4 supersonic The angle between the ballistic wave envelope and the projectile ly attenuate muzzle " : bat ath i To the side and the rear wi ithi edefined frontal cone. > : TM x a° C M ») " wit ee somewhat weaker, spherically expanding ballistic crac bea: reflecting from the weapon.




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 intensity, 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. }

[image: Figure, page 71]

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,

The energy of the attached spherical vortex2? propagating at the velocity of the projectile is

E𝐯≈5π28𝐛3ρ𝐨𝐕2 E_{\mathbf{v}} \approx \frac{5\pi}{28} \, \mathbf{b}^3 \, \rho_{\mathbf{o}} \, \mathbf{V}^2 \tag{1} 

b =vortex diameter, projectile wake diameter;

Pot air density;

¥ = projectile velocity.

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

Eb≈(Cbab2poV224)Vf E_{b} \approx \left(C_{b} \frac{a_{b}^{2} \frac{p_{o} V^{2}}{2}}{4}\right) \frac{V}{f}  (2)

py V2 Cp u f projectile wake area drag coefÏcient, P,/. projectile vortex shedding frequency,

Upon equating the above two equations, it is found that

f=(7Cb10)Vb f = \left(\frac{{}^{7}C_{b}}{10}\right) \frac{V}{b}  (3)

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 projectile 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

p=14πr(d2mdt2) p = \frac{1}{4\pi r} \left( \frac{d^2 m}{dt^2} \right) \tag{4} 

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=pmsin2πft p = p_{m} \sin 2\pi ft \tag{5} 

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

(dmdt)=−2rprmfcos2πft \left(\frac{dm}{dt}\right) = -\frac{2rp_{rm}}{f} \cos 2\pi ft  (6)

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

$$ M = \frac{2\pi p_{\rm im}}{\pi f^2} \tag{7} $$

Thus, the peak sound preasure as afunction of frequency and periodically transferrable mass becomes

Prrr=πf2M2r P_{rrr} = \frac{\pi f^2 M}{2r} \tag{8} 

But,the transferred mass at the projectile is that of the spherical vortex; i.e. ,

M≈π6b3ρ0 M \approx \frac{\pi}{6} b^3 \rho_0 \tag{9} 

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

$$ p_{\rm m} = \frac{49\pi^2}{1200} \frac{bG_b^2 o_0 v^2}{r} $$ (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




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 generating sound pressureswhich also diverge unifgymly in all directions. The far field sound pressure for such a source" is given by

p=ρo4πr(d2Qdt2) p = \frac{\rho_o}{4\pi_r} \left( \frac{d^2Q}{dt^2} \right) \tag{1} 

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 time. nanipulation and integration of the above equation yields ∫pdt=c04πr(dQdt) \int pdt = \frac{c_0}{4\pi r} \left(\frac{dQ}{dt}\right) \tag{2} 

ap we "instantaneous air volume displacement rate at the source;

rae = cumulative area under the sound Signal's pressuretime trace.

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 tity of gas being discharged and on how this gas expands from discharge -to atmospheric pressure, ln cases of interest the expansion process ly very nearly isentropic. Thus, the instantaneous air p lacement rate can be expressed by is general volume dis:

(dQdt)=(PtPo)1/γAtut \left(\frac{dQ}{dt}\right) = \left(\frac{P_t}{P_o}\right)^{1/\gamma} A_t u_t \tag{3} 

= absolute pressure of gas at discharge;

ou ts = ambient air pressure;

= gas ratio of specific heats;

Px it) gas discharge area; t u, = gas flow velocity at discharge.

The sound signal pressure-time area becomes related to the source gas flow parameters by

∫𝐩dt=ρ04πr(𝐏𝐭𝐏𝟎)1/Y𝐀𝐭𝐮𝐭 \int \mathbf{p} dt = \frac{\rho_0}{4\pi_r} \left( \frac{\mathbf{P_t}}{\mathbf{P_0}} \right)^{1/Y} \mathbf{A_t u_t}  (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, Tespectively, 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 problems 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).

[image: Figure, page 74]

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

Atρtut=Aρu A_{t}\rho_{t}u_{t} = A_{\rho u} \tag{5} 

Ay = source gas discharge area, 4nb2;

P, = gas discharge density;

uz, = gas discharge flow velocity;

area, density, source, P9fo 0and 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

P=Pt(PPt)1/Y P = P_t \left(\frac{P}{P_t}\right)^{1/Y}  (6)

u=ut(aat)=ut(PPt)Y−12Y u = u_t \left(\frac{a}{a_t}\right) = u_t \left(\frac{P}{P_t}\right)^{\frac{Y-1}{2Y}}  (7)

From Equations 5, 6, and 7,

P=Pt(At4πx2)2γγ+1 P = P_t \left(\frac{A_t}{4\pi x^2}\right)^{\frac{2\gamma}{\gamma+1}}  (8)

u=ut(At4πx2)Y−1Y+1 u = u_t \left( \frac{A_t}{4\pi x^2} \right)^{\frac{Y-1}{Y+1}}  (9)

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=𝐏𝐨. \mathbf{P} = \mathbf{P_o}. 

¥rom Equation 8,

𝐱o=𝐀t4π(𝐏t𝐏o)γ+14γ \mathbf{x}_{o} = \sqrt{\frac{\mathbf{A}_{t}}{4\pi}} \left(\frac{\mathbf{P}_{t}}{\mathbf{P}_{o}}\right)^{\frac{\gamma+1}{4\gamma}} \tag{11} 

and from Equation 9,

uo=ut(PoPt)Y−12Y u_{o} = u_{t} \left(\frac{P_{o}}{P_{t}}\right)^{\frac{Y-1}{2Y}}  (12)

Ug = flow velocity at pt x9, PS = ambient air pressure,

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

P=P0 P = P_0  (13)

ρ=ρt(P0Pt)1/γ \rho = \rho_t \left(\frac{P_0}{P_t}\right)^{1/\gamma} \tag{14} 

Equation 5, dxdt=u=u0(x0x)2=ut(PtP0)1/γ(At4πx2) \frac{dx}{dt} = u = u_0 \left(\frac{x_0}{x}\right)^2 = u_t \left(\frac{P_t}{P_0}\right)^{1/\gamma} \left(\frac{A_t}{4\pi x^2}\right) \tag{15} 

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

x=xo[3uotxo+1]−∞1/3At4π(PtPo)γ+12γ[3utAt4π(PoPt)3γ−14γt+1] x = x_o \left[ \frac{3u_o t}{x_o} + 1 \right]_{-\infty}^{1/3} \sqrt{\frac{A_t}{4\pi}} \left( \frac{P_t}{P_o} \right)^{\frac{\gamma+1}{2\gamma}} \left[ 3u_t \sqrt{\frac{A_t}{4\pi}} \left( \frac{P_o}{P_t} \right)^{\frac{3\gamma-1}{4\gamma}} t + 1 \right]  (16)

u=uo[3uotxo+1]2/3=ut(PoPt)V−12Y[3utAt4π(PoPt)3V−14Yt+1]2/3 u = \frac{u_{o}}{\left[\frac{3u_{o}t}{x_{o}} + 1\right]^{2/3}} = \frac{u_{t} \left(\frac{P_{o}}{P_{t}}\right)^{\frac{V-1}{2Y}}}{\left[3u_{t}\sqrt{\frac{A_{t}}{4\pi}\left(\frac{P_{o}}{P_{t}}\right)^{\frac{3V-1}{4Y}}t + 1}\right]^{2/3}}  (17)

which describes the location and velocit particle with time, i y of agiven discharge gas Consider now an abruptly initiated gas flow 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

ΔP=Y+14γP0M2[1+1+8Y(Y+1)M2] \Delta P = \frac{Y+1}{4} \gamma P_0 M^2 \left[ 1 + \sqrt{1 + \frac{8}{Y(Y+1) M^2}} \right]  (18)

M = u/ag, air flow Mach No.

AP = Static gauge pressure.

For M=1, the overpressure may be estimated by

ΔP≈γ+12γP0M2 \Delta P \approx \frac{\gamma + 1}{2} \gamma P_0 M^2 \tag{19} 

If it is assumed that the air in front of the advancing gas front acquired its velocity through insentropic wave compression, then the overpressure can be expressed by

ΔP=P0{[1+γ−12M]2γγ−1−1} \Delta P = P_0 \left\{ \left[ 1 + \frac{\gamma - 1}{2} M \right]^{\frac{2\gamma}{\gamma - 1}} - 1 \right\}  (20)

For M <1, this overpressure may be estimated by

ΔP≈γP0M \Delta P \approx \gamma P_0 M  (21)

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

ΔP≈k1M \Delta P \approx k_1 M  (22)

k, and ky = appropriate constants.

described by

𝐩=Δ𝐏𝐱𝐫 \mathbf{p} = \frac{\Delta \mathbf{P} \mathbf{x}}{\mathbf{r}} \tag{23} 

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 sound pressure Equations due to 16, 17, and 21 into Equation 23, the far field 3 3 an =

The solution of pressure at distance r. Equations 16, 17, and 21 into Equation 23, the far field sure due to abrupt initiation of gas flow becomes p=γP0x0u0a0r[3u0tx0+1]1/3=Pm[3u0tx0+1]1/3 p = \frac{\frac{\gamma P_0 x_0 u_0}{a_0}}{r \left[\frac{3 u_0 t}{x_0} + 1\right]^{1/3}} = \frac{P_m}{\left[\frac{3 u_0 t}{x_0} + 1\right]^{1/3}}  (24) If the time period is established at a constant pressure ratio (pm/p)(p_m/p) , then it will depend only on the source discharge area, discharge pressure ratio.)

Equation 24 describes a famil yof curves depending i o i (ug/xe) (see sketch below}, 2g on magnitude of \ee(% )
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Tt can be seen that in each case the sound pressure decreases exponentially with time, The rate of decrease, however, depends the characteristic flow parameters of the source, Except at the ti me when the sound pressure is very near pm, the factor 3upt/Xp is ame

Now, a spherical pressure wave diverging from its source can be substantially larger than 1, and the sound pressure can be cstimated by

p=ΔPXr p = \frac{\Delta P_X}{r}  [3u0tx0]1/3 \left[\frac{3u_0 t}{x_0}\right]^{1/3}  (25)

16, 17, and 21 into Equation 23, the far field abrupt initiation of gas flow becomes YP0x0u0a=(pmp)33u0=(pmp)33ut(ptp0)3γ−14γ(ptp0)3γ−14γ \frac{\text{YP}_{0}\text{x}_{0}\text{u}_{0}}{\text{a}} = \frac{\left(\frac{p_{m}}{p}\right)^{3}}{3\text{u}_{0}} = \frac{\left(\frac{p_{m}}{p}\right)^{3}}{3\text{u}_{t}} \left(\frac{p_{t}}{p_{0}}\right)^{\frac{3\gamma-1}{4\gamma}} \left(\frac{p_{t}}{p_{0}}\right)^{\frac{3\gamma-1}{4\gamma}} \tag{26} 

° *o then it will depend only on the source discharge area, discharge pres- . \d discharge velocity, and can be expressed, generally, as

T=CAt4π(PtP0)3γ−14γut T = C \frac{\sqrt{\frac{A_t}{4\pi} \left(\frac{P_t}{P_0}\right)^{\frac{3\gamma-1}{4\gamma}}}}{u_t}  (27)

Cc = an arbitrary constant,

This equation is seen to be similar in form, tg the "Strouhal" frequency except for the additional factor (P,/Po) aam 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 considering the nonlinear propagation of strong sound pulses. 13 Consider a relatively strong sawtooth sound pulse (shown in the following sketch),
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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=a0[1+v+14v]PmP0 Cs = a_0 \left[ 1 + \frac{v+1}{4v} \right] \frac{P_m}{P_0}  (28)

Th pulse tail, i of course, Propagaics at approximately ambient sonic velocity, ag. Due to this velocity differential, the pulse will tend to Stretch out with time {and trav el}. Change i n the pulse ti i can be represented in differential form by , sme auration

dT=Y+14YPmP0a0dr dT = \frac{Y+1}{4Y} \frac{Pm}{P_0 a_0} dr  (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

Tp𝐦r=T1p𝐦1r1 Tp_{\mathbf{m}r} = T_1 p_{\mathbf{m}1} r_1 \tag{30} 

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 asawtooth pulse can be represented in terms of its travel by

𝐩𝐦=𝐩𝐦𝟏𝐫𝐢𝐫[Y+12Y𝐩𝐦𝟏𝐫𝟏𝐏𝐨𝐚𝐨𝐓𝟏ln(𝐫𝐫𝟏)+1]1/2 \mathbf{p_{m}} = \frac{\mathbf{p_{m1}r_{i}}}{\mathbf{r}\left[\frac{Y+1}{2Y} \frac{\mathbf{p_{m1}r_{1}}}{\mathbf{P_{o}a_{o}T_{1}}} \ln\left(\frac{\mathbf{r}}{\mathbf{r_{1}}}\right) + 1\right]^{1/2}}  (31)

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

T=T1[v+12vpm1r1PoaoT1ln(rr1)+1] T = T_{1} \left[ \frac{v+1}{2v} \frac{p_{m1}r_{1}}{P_{o}a_{o}T_{1}} \ln \left( \frac{r}{r_{1}} \right) + 1 \right]  (32)

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, asawtooth sound pulse emanates from the mouth of the cylinder while a rarefaction wave travels inward, 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 represented by a right triangle of amplitude, p,,,and time duration, T, then

∫pdt≈pmT2 \int pdt \approx \frac{p_m T}{2}  (33)
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and, from E i , quation 4, the peak sound pressure becomes ds diameter ot the cylinder;

$$ p_{\rm m} \approx \frac{\rho_{\rm o}}{2\pi_{\rm r}T} \left(\frac{P_{\rm t}}{P_{\rm o}}\right)^{1/\gamma} A_{\rm t} u_{\rm t} \tag{34} $$

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

+ from the cylind ylinder depends on the initial i iti 2,29 P, gas Conditions, "> fA < Po(t44)/y-1 x 3,.6P,, TM ed ser \T, /\ PL

Pt=P0 P_{t} = P_{0} \tag{35} 

ut=2a1(γ−1)[1−(PoP1)]γ−12γ≈2ao(γ−1)T1To[1−(PoP1)]γ−12γ(36) u_{t} = \frac{2a_{1}}{(\gamma - 1)} \left[ 1 - \left( \frac{P_{o}}{P_{1}} \right) \right]^{\frac{\gamma - 1}{2\gamma}} \approx \frac{2a_{o}}{(\gamma - 1)} \sqrt{\frac{T_{1}}{T_{o}}} \left[ 1 - \left( \frac{P_{o}}{P_{1}} \right) \right]^{\frac{\gamma - 1}{2\gamma}} (36) 

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 )

Pt=P1(2V+1)2VV−1≈.28P1 P_{t} = P_{1} \left( \frac{2}{V+1} \right) \frac{2V}{V-1} \approx .28 P_{1}  (37)

ut=2a1(Y+1)≈2a0Y+1T1T0 u_t = \frac{2a_1}{(Y+1)} \approx \frac{2a_0}{Y+1} \sqrt{\frac{T_1}{T_0}}  (38)

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

T=kd(PtP0)3γ−14γut T = k \frac{d\left(\frac{P_t}{P_0}\right)^{\frac{3\gamma - 1}{4\gamma}}}{u_t}  (39)

k » 3, an empirical constant.

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

Gas discharge from the cylinder depends on the initial gas conditions, 2,29 Pm=Y(2(Y+1))2(Y−1)2(Y+1)Pod8kr(T1To)(P1Po)5−3Y4Y P_{m} = Y\left(\frac{2}{(Y+1)}\right)^{\frac{2(Y-1)}{2(Y+1)}} \frac{P_{o}d}{8kr} \left(\frac{T_{1}}{T_{o}}\right) \left(\frac{P_{1}}{P_{o}}\right)^{\frac{5-3Y}{4Y}}  (40)

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 the 2ay 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 cylinder pressure. If it is assumed that Was compressed isentropically to its initial condition, then Ty = Ty (Py /Py) Y-DAY, and Equation 40 can express the peak sound pressure resultisthat in terms of aly the initial cylinder pressure. The py on p, 4 - This seems to correlate ably well reason- with experimental date available to date, the gae being discharged

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

Pmθ=Pm[1−Mtncosθ] P_{m\theta} = \frac{P_{m}}{\left[1 - \frac{M_{t}}{n} \cos \theta\right]}  (41)

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

Lmθ=20log[Pmθ.0002] L_{m\theta} = 20 \log \left[ \frac{Pm\theta}{.0002} \right]  (42)




APPENDIX D — GUN SILENCERS

i i sisting of a gun barrel i 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 . : ds into i the silen i cer i 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
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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 ical on silence Eee em. * 'Sith the silencer ¥volume 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

& enn how quickly the pas behi: d the projectile expands into the silencer projecti m the following graph which sh t th shock, Sonic, ows the and flow velocities of air or 8&5 similar afunction of to ai pressure, Cane 88
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projectile exit will be

Projectific data and P2=P0[(P1P0)1/γ+v2v11+v2v1]γ′ P_2 = P_0 \left[ \frac{\left(\frac{P_1}{P_0}\right)^{1/\gamma} + \frac{v_2}{v_1}}{1 + \frac{v_2}{v_1}} \right]^{\gamma'}  (1)

which can be simplified to

P2≈Po[(P1Po)1/γv2v1v2v1]γ P_{2} \approx P_{o} \left[ \frac{\left(\frac{P_{1}}{P_{o}}\right)^{1/\gamma} \frac{v_{2}}{v_{1}}}{\frac{v_{2}}{v_{1}}} \right]^{\gamma}  (2)

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

T2=T1[(P1Po)+(v2v1)(v2v1)(P1Po)1/γ](γ−1) T_{2} = T_{1} \left[ \frac{\left(\frac{P_{1}}{P_{o}}\right) + \left(\frac{v_{2}}{v_{1}}\right)}{\left(\frac{v_{2}}{v_{1}}\right) \left(\frac{P_{1}}{P_{o}}\right)^{1/\gamma}} \right]^{(\gamma - 1)}  (3)

i= absolute temperature of propellent gas at the time of projectile exit from the gun barrel. T

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

Pt=P0 P_t = P_0 \tag{4} 

𝐮𝐭=2y−1𝐚2[1−(𝐏o𝐏2)γ−1γ]≈2γ−1𝐚o𝐓2𝐓o[1−(𝐏o𝐏2)γ−1γ](5) \mathbf{u_{t}} = \sqrt{\frac{2}{y-1}} \mathbf{a}_{2} \left[ 1 - \left( \frac{\mathbf{P}_{o}}{\mathbf{P}_{2}} \right)^{\frac{\gamma-1}{\gamma}} \right] \approx \sqrt{\frac{2}{\gamma-1}} \mathbf{a}_{o} \sqrt{\frac{\mathbf{T}_{2}}{\mathbf{T}_{o}}} \left[ 1 - \left( \frac{\mathbf{P}_{o}}{\mathbf{P}_{2}} \right)^{\frac{\gamma-1}{\gamma}} \right] (5) 

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 Pt=P2(2γ+1)γγ+1 P_t = P_2 \left(\frac{2}{\gamma+1}\right)^{\frac{\gamma}{\gamma+1}}  (6)

ut=2γ+1a2≈zγ+1a0r2r0 u_{t} = \sqrt{\frac{2}{\gamma+1}} a_{2} \approx \sqrt{\frac{z}{\gamma+1}} a_{0} \sqrt{\frac{r_{2}}{r_{0}}}  (7)

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 uneae of internal pressure will generate a sawtooth sound pulse. cor The time duration of this puise is given by Equation 39 of Appendix

T=kd(PtPo)3γ−1ut T = \frac{kd \left(\frac{P_t}{P_o}\right)^{3\gamma - 1}}{u_t}  (8)

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,

Pm=Po2πrT(PtPo)1/γAtut P_{m} = \frac{P_{o}}{2\pi r T} \left(\frac{P_{t}}{P_{o}}\right)^{1/\gamma} A_{t} u_{t}  (9)

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

$$ P_{\rm m} = \left(\frac{2}{\gamma + 1}\right)^{\frac{\gamma + 1}{4(\gamma - 1)}} \frac{\gamma P_{\rm od}}{8kr} \left(\frac{T_2}{T_{\rm o}}\right) \left(\frac{P_2}{P_{\rm o}}\right)^{\frac{5 - 3\gamma}{4\gamma}} $$ (10)

P2 ana Tz are the absolute silencer pressure and temperature, respectively, established by Equations 2.and 3.

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

Lm=20log[(2γ+1)γ+14(γ−1)γPod8kr(T2To)(P2Po)5−3γ4γ.0002] L_{m} = 20 \log \left[ \frac{\left(\frac{2}{\gamma+1}\right)^{\frac{\gamma+1}{4(\gamma-1)}} \frac{\gamma P_{od}}{8kr} \left(\frac{T_{2}}{T_{o}}\right) \left(\frac{P_{2}}{P_{o}}\right)^{\frac{5-3\gamma}{4\gamma}}}{.0002} \right]  (11)

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 silencer 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 asilenced 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

(Δ𝐦𝐦)=∫0t(Atρt𝐮t)dtρ2(𝐯1+𝐯2) \left(\frac{\Delta \mathbf{m}}{\mathbf{m}}\right) = \frac{\int_0^t (A_t \rho_t \mathbf{u}_t) dt}{\rho_2 (\mathbf{v}_1 + \mathbf{v}_2)}  (12)

gas m2ss lost through blow-by during time projectile traverses silencer; Sa4©e3"

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 unrestricted (maximum) gas flow rate is assumed, then

∫0t(Atρtut)dt=Atρtutt \int_{0}^{t} (A_{t}\rho_{t}u_{t})dt = A_{t}\rho_{t}u_{t}t  (13)

AL =silencer discharge area;

Oy, = discharge gas density;

uy = discharge gas velocity;

t =time it takes projectile to traverse silencer.

With maximum discharge conditions,

ρt=ρ2(2γ+1)1/γ−1 \rho_{t} = \rho_{2} \left( \frac{2}{\gamma + 1} \right)^{1/\gamma - 1} \tag{14} 

ut=2γ+1aoT2To u_{t} = \sqrt{\frac{2}{\gamma + 1}} a_{o} \sqrt{\frac{T2}{T_{o}}}  (15)

The silencer discharge area is approximately

At≈v1ℓ1 A_t \approx \frac{v_1}{\ell_1}  (16)

vy =volume of gun barrel;

be "length of gun barrel;

it takes the projectile to traverse the silencers is

$$ t = \frac{\frac{\ell_2}{a_0 M}} $$

4, = silencer length;

M = projectile Mach No,

With these definitions, Equation % reduces to

(Δmm)=(2γ+1)γ+12(γ−1)T2T0(z2t1)M(1+v2v1) \left(\frac{\Delta m}{m}\right) = \frac{\left(\frac{2}{\gamma+1}\right)^{\frac{\gamma+1}{2(\gamma-1)}} \sqrt{\frac{T_2}{T_0}} \left(\frac{z_2}{t_1}\right)}{M\left(1+\frac{v_2}{v_1}\right)}  (18)

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 imposed by the silencer length and projectile velocity. The time in which the discharge can increase from zero to maximum wili be

T≈L2a0M T \approx \frac{L_2}{a_0 M} 

With this time period {and Equations 6 and 7}, Equation 9 gives the peak sound pressure as

Pm=(2γ+1)γ+12(γ−1)γPod28ℓ2r(T2To)(P2Po)1/γ P_{m} = \left(\frac{2}{\gamma + 1}\right)^{\frac{\gamma + 1}{2(\gamma - 1)}} \frac{\gamma P_{o} d^{2}}{8 \ell_{2} r} \left(\frac{T_{2}}{T_{o}}\right) \left(\frac{P_{2}}{P_{o}}\right)^{1/\gamma} 

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 typical 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

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 p herical 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 excep t i twe gun Consioen oped . lencer {see sketch below). t one is equipped with asi 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
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p3i=P2ℓ2r p_3^{i} = \frac{P_2^{\ell} 2}{r}  (21)

42 =silencer length;

i zle, precursor sound pressure gaugeat distance % from gun muz:

In the second case, (spherically) in the si At the front end of th an absolute Pressure, which can 2 Silencer,

P2≈Po+2p2 P_{2} \approx P_{o} + 2p_{2} \tag{22} 

ut=2γ+1ao[1−(PoP2)γ−1γ] u_{t} = \sqrt{\frac{2}{\gamma+1}} a_{o} \left[ 1 - \left( \frac{P_{o}}{P_{2}} \right) \frac{\gamma-1}{\gamma} \right]  (23)

Expansion of this equal duces the flow velocit tion and elimination of lower ¥ to

ut≈8(γ−1)a0γP0P2 u_t \approx \sqrt{8(\gamma - 1)} \frac{a_0}{\gamma P_0} P_2  (24)

(guage Corresponding to this flow velocity ) at the silencer exit will be the discharge pressure

Pt=γP0uta0=8(γ−1)P2 P_{t} = \frac{\gamma P_{0} u_{t}}{a_{0}} = \sqrt{8(\gamma - 1)} P_{2}  (25)

p3″≈Ptd4r=8(γ−1)p2d4r p_3'' \approx \frac{P_t d}{4r} = \frac{\sqrt{8(\gamma - 1)} p_2 d}{4r}  (26)

P3″P3″=2γ−1t2d \frac{P_3''}{P_3''} = \sqrt{\frac{2}{\gamma - 1}} \frac{t_2}{d}  (27)

The attenuation of the precursor,in decibels,is

ΔL=20log(P3′P3″)=20log[2V−1ℓ2d] \Delta L = 20 \log \left(\frac{P_3'}{P_3''}\right) = 20 \log \left[\sqrt{\frac{2}{V-1}} \frac{\ell_2}{d}\right]  (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.
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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 propellent 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 reverses. 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 arelatively 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

P3′≈P0[(P1P0)1/γ(v2+v3v1)+1]γ P_{3}' \approx P_{0} \left[ \frac{\left(\frac{P_{1}}{P_{0}}\right)^{1/\gamma}}{\left(\frac{v_{2}+v_{3}}{v_{1}}\right)} + 1 \right]^{\gamma}  (29)

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 ableed 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

P2≈Po[(P1P0)1/γ(v2v1)+1]γ P_2 \approx P_o \left[ \frac{\left(\frac{P_1}{P_0}\right)^{1/\gamma}}{\left(\frac{v_2}{v_1}\right)} + 1 \right]^{\gamma}  (30)

Expansion of the gases remaining in the gun barrel into the forward silencer section gives the silencer pressure as

$$ P_{3}^{"} \approx P_{o} \left[ \frac{\left(\frac{P_{2}}{P_{o}}\right)^{1/\gamma}}{\left(\frac{v_{3}}{v_{1}}\right)}^{\gamma} + 1 \right]^{\gamma} $$ (31)

This, combined with Equation 30, gives the silencer pressure at time of projectile exit as

$$ P_{3}" = P_{0} \left[ \frac{\left(\frac{P_{1}}{P_{0}}\right)^{1/\gamma} \frac{v_{2}}{v_{2}}}{\left(\frac{v_{2}}{v_{1}}\right)\left(\frac{v_{3}}{v_{1}}\right)} + 1 \right] $$ (32)

Solving for minimum P3", it is found that the greatest reduction in pressure occurs when

v2=v3(P1P0)1/γ(P1P0)1/γ+(v2+v3v1) v_{2} = v_{3} \sqrt{\frac{\left(\frac{P_{1}}{P_{0}}\right)^{1/\gamma}}{\left(\frac{P_{1}}{P_{0}}\right)^{1/\gamma} + \left(\frac{v_{2} + v_{3}}{v_{1}}\right)}}  (33)

tities found in silencers into Equation 33 Substitution ituti ° £ typical quant : i the surrounding imum attenuation, the jndicates that in rder uld to be obtain approximately maxim 0.7 that of the fortimes sho . . nilenceTM See e he difference in attenuation of the silencer with a ward cham ber. . 5 be estimated* : Jumetric silencer can be p leed hole valve and the simple volum

ΔL≈20log[P3′P3″](γ+1)/4γ \Delta L \approx 20 \log \left[ \frac{P_3'}{P_3''} \right]^{(\gamma+1)/4\gamma}  (34)

"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.

from

& gt;* See Equations 10 and 11,
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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 following 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 mxterially 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 attain the ends above set forth without impairing the power or accuracy of the weapon.

o The invention consists in the novel construction 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 portion of the barrel to whieh the attachment ia applied; and Fig. 3 iy a trausveree vertical 5 ries taken practically onthe line 3 3 of

A represents acasing, whichis usvatly made oval in eross-section, as shown in Fig. 3, This casing isprovided with » collar Watthe ® rearend of ita body portion, and thesaid eollar ig adapted to be screwed Upon or otberwise attached to the forward or muzzle end of the barrel A' of a gun, as shown particuiarly 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 sarince 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-chamber are shut off, aa will be hereinafter stated. 65

The body-casing A is adapted to receive a cap B, the cap being at theforward or delivery 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 ortungnes 13—as khown in Figa. land 3, The inmer face 14 of the cap Bis inclined, the ination being from the apper edge dowawardiy and forwardly, and the 75 inner-face of the exp is open from apoint ator near its bottom to «pointaearthetop. The upper portion of the inner inclined face of the cap B is provided with adeflecting-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 ofwhich 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 ilet-opening 17. The 100 flange LY is adapted nam sent for a valve 19, which valve closes the iniet 17 of the cham 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 pisition 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 p late 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 p late 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; 5 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 2The 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, ; 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 ablock 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: | p late 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 theontside 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 various Bleps described following exch other ia

Practically amomeut 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 pussibie 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

Kreator portion of the deposit will be fonad Dpow the valve in nearly adircet 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—


	| by 1. A caing arranged for attachment Tothe 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 gascoudensing chamber and extenling rearwardly beneatl the barrel of the gun, a closure for the rear end af said tubalar extennian, 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 supper t 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 inneror 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 gnnbacrel aud @ pivuted valve normally resting nn the yaid plate, the plate aad valve veing constracted to permit ofthe passage of abal. 105 jet, the said valve being adapted to cloye the opening ia the roar ent of said chamber immediately after the escape of the bullet, beiE 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 attachment ta the wuzele of a gua, the casing 115 being pravided with a downwardly aed arwardly 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 achamber forward of the dollocting- plate, provided with an opening algo'in line with the axis of the bore of the







APPENDIX E — SILENCER TECHNIQUES & REPRESENTATIVE PATENTS


	U.S. Patent No. 658,934, Washington issued 2 October 1900 to Reade Macon and Alfred Willis Capy, "Attachment Firearms," for Barrels of

	Austrian Patent No, 5478 » issued 1 June 1901 to Josef Hut for Silencing a Fire.arm," (T ranslation) fless, "Device

	U.S. Patent No, 958,935 "Silent Firearm," » issued 24 May 1910 to Hiram Percy Maxim,

	U.S. Patent "Device No. 1,000, 702 » issued 15 August 191] to Eugene Thurler, for the Suppr:ession of the Report of Firearms,"

	German "Silencers Patent No, 629, 404, issued 13 March 1933 to Hans Eissfeldt, for Hand Wea.pons," (Translation)

	U.S, PatentNo, "Silencer," 2,448, 382, iseued 31 August 1948 to Warren P. Mason,

	U.S, Patent No, 3,138,991 "Firearm Muzzle Att: tachable Husk, " » issued 30 June 1964 to Richard L, Malter, achment and Projectile with Expansible, De-
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A44668 APERDEEN PROVING GROUND German Rifle Silencers (sect! Sl January 1647 omalized). PNMISC-731, (Silencer pound also shown)
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@1 January 1947 (8tlencer round also shown)
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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 normatly 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 removably 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 forward of the plate, the said chamber being provided 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 heing inclined and baviug a flange formed thereon 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 defectingpiate and having au opening atits upper edge forming with tbe opening in the lower edge of the deflecting. plate, a passage for the builet, the suid valve baing forced to its seat at So the ialet-openiay of said chamber by the aetivo of the gases after » bullet bas been discharged, the front af suid cap beiow the chumber having au opening provided with. a removable cloaure, for the purpose ant forth,

8, A casing arranged forattachment to the barrel of a gun snd provided with « gas-condensing chamder, and a cap removably Beeured 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. 55 bo

2 A device adapted to control the noise of the explosion of a charge and preveat the 2aeape of smoke from the muzzle ofa gun, the said device comprising a caging arranged for Attachineat to the innzzleof a gan the casing being provided with « passage-way for a bullut, 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. ze 7s

1). A casing for atiachment to the muzzle ofA yun. a cap removably secured in the forward end of xaid casing and having a valveseat 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 capfitted in the forward end of the casing aud having a valveseat 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 « deflecting-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. ge LT 196
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Witnesses:

O. A. Hzsrres, H.W. Kerry.

Correctiuns In Letters Patent No. 658,934.

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, ofDalias, 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 specification, 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.

See eer el.
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PATENTSCHRIFT NE 5478.

CLASSE 72. Scavsswarrex, Gescuosse, VeRscuaxzix:. ) andéerrmiten samme Zagebir,

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 insignificant 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 directly 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,


	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 -par t 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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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 - § necticut, have invented certain new and use- | plained hereinafter with reference to the acwhich following is a specification, tefer- | ance being had to the accompanying draw ing, forming a part hereof. » "fh the continued use of silencers for firearms 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 supported by a shell or casing al. the muzzle of the firearm, the rotary or whirling move ment of the gases taking place in the chambers formed thereby, the partitions, dia 2 phragms or spreaders nearest the true muz gle of the barrel of the frearm are expase d 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 withsuch 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 grea t Pressure the successive lighter diaphragms, i which are liable to be crashed eventuall vd 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- : vention, there-

46 thermore, in silencers of this charates which | 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 the 4 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

Wiaphragms shall be secured without requiring great labor in the assembling of the dia- 55 phragins and casing.

The invention will be more fully ex fol Improvements in Silent Firearms, of | companying drawing in which it is illus 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 diai phragins, showing the recesses im the cirtumaferenre 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 exiremity of the barrel @ of the gun, in any suitable manner, as hy screw threads, a cas- 75 ing d. which is preferably substantially circular 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 esrape 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 projectile. In the construction shown, such opening is eccentric with re to the axis of the sheil or casing. As is now well understood, the powder gases are directed by 95 ihe frusto-conical portion of each diaphragm or spreader, or single silencing device, 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

10 15 26 25 30 P. 35 40 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 transmitted 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 variously 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 diaphragms or spreaders employed will depend silencer is applied. For alight power pun it is sufÏcient io provide one heavy, steel diahragm or spreader ¢*, as showa in Fig. 2 of the drawing, but with a gun of higher power two or more of the heavy steel diaphragms 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 silencer is applied and the effect to be_produced. In the construction shown in Fig. 2 space is provided within the shell or cusing for more than one fwavy or strong diaphragm or spreader and a 5 ing sleeve a 3s introduced to bold the single diaphragm or spreader in place. upon the character of the gun to which the ! 1

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 drawing, 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 akeyway, 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 !

proper relative position with the Si ¢' in accurate alinement with the the barrel a, of

ERY ces oS i asd

T claim as my invention:

1, A silencing device for firearma, comprising a shell or casing, a series of diaphraguie or spreeders disposed in the shell or casing remote from the muzzle and forming 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 adjacent 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, whereby the hghter diaphragms or spreaders reinute from the muzzle of the firearm are : Telieved of the pressure of the heavier diaor spreader, sileacing device for firearms, comrising 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 opening for the passage of the projectile and formiug an annular cell substantially conchoidal in cross section, and a heavier diaphragm 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 annular ceil substantially conchoidal in cross section, the supporting shell or casing baving an abutment te receive the pressure of such heavier diaphragm or spreader, whereby the lighter diaphragms ot spreaders remote from the muzzle of the firearm are relieved of the pressure of the heavier dia-

| to receive the pressure of s phragm or spreader. 3. A silencing device for firearms, comprising 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 substanualiy 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 conchoidal in cross section and having an epening for the passage of the projectile, the suppotting shell or casing having an interior circumferential ridge forming an abutment heavier diaphragm or spreader. whereby the lighter diaphragms or spreaders remote m_ the tanzzle of the firearm are relieved of the pressure of the heavier diaphragm or spreader.

4. A silencing device for . ist ting shell or ca poring f aiap alle or spreaders disposed er the shell or casing and forming @ succesvom 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 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

_° ing.a succession of chambers, each of the diaati 'ants 1 phragms or spreaders forming an annular = a "ell substantiaily conchoidal in cross section d having an opening coventrical ly disposed for the passage of the projectile, the 3g shvll or casing having an interior ridge or and each of the diaphragms or spreaders i 7 d witnessed i yagms OF This specification sil an


A. P, MAXIM. SILENT FIREARM, APPLICATION FILED KO¥. 30, 1008.

Patented May 24, 1910.
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EVGEHE THUBLER, OF FRIBOURG,

DEVICE FOR THE SUPPRESSION OF THE REPORT OF FIREARME.

1,000,702, 'Specification of Letters Pateat. Patented Aug. 15, 1911.

Application Sled November 2, 1910. Serial No. 590,367.

Be it known that I, Eucktxe Taunien, a at Fribourg, of the Swiss Confederation, § have invented certain new and useful Lmof the Report of Firearms, of which the fol-

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 numof chambers which are arranged at a W eertuin distance apart the one before the other and which have passages for the projectile. The gases are thus deviated from the trajectory and made to expand generally in said chambers.

35 perforations of t getting hot of the conical sleeves e In the uccompanying drawing, a plan of execution of the object of the present inven projectile. The pases ag through the

Figure 1 represents a horizontal tongitudinul 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.

© An & 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 ss Provided with a series of tubular sleeves d oo-arinlly in the tube ¢ This tube

Jo all whom it may concern:

citizen of the Swiss Confederation, residing ments in Devices for the Suppression lowing is a specification.

20) = The devices according to this invention differ from the devices of known types und serving for the same purpose by the arrangement 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 further inclosed in one or more mantles which are alternately perfarated at the front or 30 at the rear end. The gases which are compressed at a very high degree of pressure when they are being generated are thos quickly deviated from the trajectory of the tion is shown as applied to a rifle-barrel.

The device represenied in Figs. 1 to 4 has Sight ¢. The interior of the apparatus is

¢ is doublewalled and it is made for twothirds of its ieight of fine net-work, the remaining 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 succeeding 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 tuhular 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 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 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 openings of the first or forward third of the tube g into the space between g and A instantly owing to the filing of metal shavings, the escape of gas through the openings in the tube & taking place without any report. The solid walt of the forward part ing the sleeves ¢ thus escaping by the central 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. 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 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 milhincters between ¢ and g which is for the free passage of the ges around the 110

[image: Figure, page 95]

tube ¢. If this tube were to tuuch the tube 'the projectile by means of consecutive <tejectile 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 therefore be accomplished. the above describeu de- {

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 device 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 portion 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 report of firearms in which the compressed gases ara deviated from the trajectory of g the resalt would be a pressure on the pre- ; tents which form a channel for the passage 25 of the projectile, comprising ia combination a certain number of elements consisting of conical sleeves, a tube inclosing snid elenots 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 perforated 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, 39 35 my hand in the presence of two witnesses. In witness whereof I have hereunto seb 40

EUGENE THURLER.

'Witnesses:

Avwert px Cazsabape, IL. GC. Coxe,

5. THURLER.

DEVION FOR THE SUPPRESSION OF THE REPORT OF FIREARMS, APPLIQATION FILED NOV. 3, 1729.

1,000,702.

Patonted Ang. 25, 1911.
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Tag der Bekanntmachung tiber die Evteitung des Patents: p. April 1936

Hans Eissfeldt Nfl. in Hamburg

Schalldampfer fir Handfeuerwalfen

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 diseovery 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 following 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,

Patented Aug. 31, 1948



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. iC], 891d)

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 depends, among other things, upon Its cross-sectonal area. Applicant bas discovered, however, that the importance of having a large cressseetionai 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 punching the discs will increase [he stability of performance.

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 aktached 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 across-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 attached to the end of the barrel #) of @ firearm W2. The silencer #0 comprises a cylindrical chamber having a Tear section 13 and a front sectlon 21, Doth contain'ng heal adsorbing material, chrough which the bullet passes with minimum 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. However, 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 crosssectional area to conl them a riven additional amount. Therefore, in accordance with the invention. the front section 21 has a smaller erosssectional ares than the section 13. Furthermore, ao the original efÏckency may be restored by a romparatively slight addition to the length of the silencer 10. There results, however, a consider~ able reduction in welght and volume. This reduces 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

[image: Figure, page 98]

Flexible BafÒes and Sponge Bubber at the Silencer Exit German Patent No, 629404

u|iiif :Liiin aid 43 iiA ie i i i|fiit i4i|

'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

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 compression and substantially filling sald chamber except for a passageway therethrough providing only minimum clearence for abullet.

2. A silencer In accordance with clatm 1 in which said disca are plated with tin,

'WARREN P. MASON,
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INVENTOR W.P MASON fabel PD NelcomE ATTORNEY

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, causing 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. inveaton is to provide

Additional objects include sednced weight of husk duc to reduced length id sducillity of husk due to slecreased 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 disturbanees 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 curacies rey of the bul welerulivu. and caching 1 is perind of ace

Other objects of ction inciude novel methods ofa ting and plezeet.as Sunder conditiuns of extreme aieuracy

Still another ob ing Maxie tas Pn devel methods of ohsein.

Ores aint more detacted 0% be apparent troce the fell bodiment of the rnvenues ile drawings. fc mvention will aleseripiion af the emsted in the accompa ing io the Jrawines.

FAGURD 1 is a vertaal cent tinvugh a perticn of J busk Bull al, srose-sectional view sartindge posit.oned in 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. by sin. 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 preven » i ing. and the like. The shel proper 8.5: v! comse provided with the usual explon've . an! ising cap, not shown. BBY a"

In the germ sMistesied the tetminal end 14 of Use tar rel LD is shown vf reducest external diameter and pravide 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 acylindrical passage. 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 preferably related in its diameter to the dizmeles of the progq 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 secao 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 passages 24 which pr escape ports fer the explosive may be af sarines forms such 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

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 ie ee AS aoe ere eno nulletjereleased —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 upunder 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 inte ino the passage 22. 'This passage teing accurately at details herein disclosed can be varied without departfrom if i tat 20 bereby jeter te from it any wobbling oroff 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 i "omkition illustrated in FIG. 4 is reached gun barrel having a projectil , and a ps

Cotton st wll he compressed as the force of the gases with the wall of sail chamber and being contracted a 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 velocities hrough the ports 24.

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 t dition Wes- flight. As illustrated in l. pping at the 1 jjectile progresses cnwardly ay an independent apparent to those skilled in athe art that maay of the strucee 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

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 aend 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 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 achamber 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 adiameter tess than ta ot s id bore b and Pving, 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 aconical 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 Saves itthrough the guide bore passage 22. 'The fusk | delayed by saill conical passage for tailing movement
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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 continuous 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 decreases,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 spectrum as described above can be reprsented by:

200 < £ < 8000,

LL≈20logPm10002 LL \approx 20 \log \frac{Pm}{10002}  , phons (1)

f > 8000,

LL ≈20logPm.0002−30(f−80008000) \approx 20 \log \frac{Pm}{.0002} - 30 \left(\frac{f - 8000}{8000}\right)  , phons (2)

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

A=Pmπf=2pm(T/2)π A = \frac{P_{m}}{\pi f} = \frac{2p_{m}(T/2)}{\pi}  (3)

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≈20logPm.0002 LL \approx 20 \log \frac{P_{m}}{.0002}  f>8000,LL≈20logPm.0002−30(A8000−AA8000)f > 8000, \qquad LL \approx 20 \log \frac{P_{m}}{.0002} - 30 \left(\frac{A_{8000} - A}{A_{8000}}\right) (4)

Or, in terms of the positive half-cycle time durations,

200 < f < 8000, LL ≈20logPm10002 \approx 20 \log \frac{P_{m}}{10002}  (5) f > 8000, LL ≈20logPm10002−[(T/2)8000−(T/2)(T/2)8000]\approx 20 \log \frac{P_{m}}{10002} - \left[\frac{(T/2)_{8000} - (T/2)}{(T/2)_{8000}}\right]

(T/2)8000=1/2(8000)=.063 (T/2)_{8000} = 1/2(8000) = .063  ms.

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 < 2.5 mg, LL≈20logPm.0002 LL \approx 20 \log \frac{P_m}{.0002}  (6) t < .063 ms, LL≈20logPm.0002−30(.063−t.063)LL \approx 20 \log \frac{P_m}{.0002} - 30 \left(\frac{.063 - t}{.063}\right)

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 approximately 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) L = 10.033(LL - 40)  (7)

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,

L=10−033[(SPL)max−40] L = 10^{-033} [(SPL)_{max} - 40]  (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.




BIBLIOGRAPHY


	Allen, W. G. B., Pistols, Rifles & Machine Guns; London: English University Press, Litd.; pp 170-172, 1953.

	Bannister, F., et al; ''Wave Action Following Sudden Release of Compressed Gas from a Cylinder;" Proc Inst Mech Engrs, Vol 159, War Emergency Issue No, 42, {1948}.

	3. Bauer, R., etal, "Auditory Localization of Noises;'' Aberdeen Proving Ground, HEL Technical Memorandum 4-65, July 1963.

	4. Bertrand, B., et al, ""Overpressures and Durations of Shock Waves Emerging from Open Ended Shock Tubes;" Aberdeen Proving Ground, BRL Report MR-1724 (AD 633 161), November 1965,

	Bixier, O. C., et al, "Analytical & Experimental Studies of Weapon MufÒing;" Ling-Temco-Vought, Inc, , Final Report {Contract DAA FO5-67-C-0048}, August 1967,

	Campbell C,, The '03 Springfield; Beverly Hills, Calif: Fadco Publishing Co.; pp 41-43, 1957,

	Chaillet, R., et al: 'High-Intensity Impulse Noise: A Major Problem; Aberdeen Proving Ground, HEL Technical Note 4-64 {AD 450 726}, August 1964,

	Corner, J,, Theory of Interior Ballistics of Guns; New York; Wiley & Sons, Inc.; pp 395-400, 1950.

	3. Crossman, E, B,, "Silencer for SMG, Cal. .45; Flash Hider for SMG, Cal, .45," Test Section, The Infantry Board, Record of Test {AD 472 094}, 29 September 1945.

	to, DoD IIR 2836023764, 'Small Caliber Weapons Silencing Devices," July 1964,

	il, Davis, D., et al, "Theoretical and Experimental Investigations of MufÒers, with Comments on Engine Exhaust MufÒer Design;" NACA Report No. 1192, 1954,



[image: Figure, page 103]


	12, Doelling, N., etal, "Characteristics of Noise Produced by Several Contemporary Army Weapons;"' Bolt, Beranel & Newman, Inc. (Contract DA-49-007-MD-885, March 1959.

	13. Dumond, f,, etal, "A Determination of the Wave Forms and Law, of Propagation and Dissipation of Ballistic Shock Waves;"' JASA, Voi 18, No, 1, July 1946,

	4, Dunham J., "Development of Cartridge, Caliber . 30 XM76" (U}; Frankiord Arsenal Report R-1794, March 1966. (Confidential}

	15. Fulton, C,, "Silent Weapon System Cartridge Design and Development Phase I: Design" Frankford Arsenal Report R-1654, November 1962, (Confidential)

	16, Fulton, C., 'Small Armes Silencers, '' DDC Demand Bibliography, ARBO32041, 16 March 1965.

	17. Garinther, G., et al, "Auditory and Acoustical Evaluation of Several Shoulder Rifles;"! Aberdeen Proving Ground, HEL Technical Note 1-65, January 1965,

	18, Garinther, G., "Transducer Techniques for Measuring the Effects of Small Arms Noise on Hearing;" Aberdeen Proving Ground, HEL Technical Note 11-65, July 1965,

	19. Glass, I., "Aerodynamics of Blasts;"' Institute of Aerophysics, University of Toronto, UTIA Review No. 17 {AD 247 445), September 1960,

	20. Gustafson, G. A,, "Tests of Silencer for .45 Caliber M3 and M1928A1 Submachine Guna;" Aberdeen Proving Ground, Firing Record, 12 March 1944,

	ai, Hammer, E. W., "Muzzle Brakes: I - History; IJ - Theory;' Franklin Institute {Contracts W-36-034-ORD-7652, -7705), June 1949,

	22, Harrison, E, H., "NRA Firearms & Ammunition Fact Book -Silencers;"' National Rifle Association, Washington, D, C., 196-4.

	23, Heising. R.A., and W.P. Mason, "An Investigation on Silencers for Small Arms;"' Bell Telephone Laboratories, Inc., Final Reputt (Contract OEMsr-906 SAC-14); Part I, December 1943 and Part II, May 1944,




	Hughes, F, K., "Demolition Devices and Accessories: Silencer for Submachine Gun, Cal. .45, M3A1;" Psychological Warfare Center, Fort Bragg, Interim Test and Evaluation Report No. 1 on Project No, 11006 (AD-57 237), September 1954,

	25. Hughes, F,K., "Test & Evaluation of OSS Silencer for Submachine Gun, Caliber , 45, M3 and M3A1;" Psychological Warfare Center, Fort Bragg, Interim Report No, 2, Project No. 11006 {AD 68 828), June 1955,

	Kinsler, L.E., and A, R. Frey, Fundamentals of Acoustics; New York: Wiley & Sons; 1962,

	Lamb, H., Hydrodynamic s; New York: Dover Publications, Inc.; 1945,

	Levin, S., "Concept and Feasibility Studies of Muzzle Brake Biast Suppression Devices for 105 mm and 155 mm Howitzers;" Ordnance Engineering Associates, Inc. (AD 601 728), February 1964,

	29, Liepman, H.W., and A. Roshko, Elements of Gas Dynamics; New York: Wiley & Sons; 1957.

	Lighthill, F.R,S., 'On Sound Generated Aerodynamically;" "l - General Theory," Proc Roy Soc, A, 211, p 564 (1952); "]I - Turbulence as a Source of Sound, ' Proc Roy Soc, A, 222, pi (1954),

	3a, McLean, D., "Firearm Silencers, Vol I - U.S.;"' Normount Armament Co,, Forest Grove, Oregon, 1968.

	32, Mocre, L.F., "A Test of Silencer, Caliber ,22, T2;'' Aberdeen Proving Ground, Second Report on Project No, TS2-2026, February 1952,

	Moore, L., "Feasibility Test of a Silenced Shotgun;" Aberdeen Proving Ground, Report DPS-1330 {AD 350 280), May 1964,

	34, Morse, P,M., Vibration and Sound; New York: McGraw-Hill Book Co, , Inc.; p 312, 1948.




	35, Nelson, Thomas B,, The World's Submachine Guns; Cologne, a8. Germany; International Small Arms Publishers; pp 10, 11, 44,54, 98, 99, 498, 499, 500; 1963. .

	36. OfÏce, Chief of Ordnance; Annual Reports; 1909-1912.

	37, OfÏce, Chief of Ordnance; 'Small Arms and Small Arms Am- | munition;"' Record of Army Ordnance Research & Development, Vol 2, Book 1, Sec 2, pp 135-137, January 1946, 50.

	38, Ostatitach, K, "Intermediate Ballistics; USAMC Translation, FSTC 381-T65-372, October 1965. 51,

	39, Petersen, H. L., Encyclopedia of Firearms; New York: E, P. Dutton & Co., Inc.; pp 299-303, 1966.

	40, Pols, L,C.W,, "Sound Measurement on Small Arms I;"' Instituut | voor Zintuigfysiologie Rve-Tao (AD 811 290}, Netherland, 1966,

	41, Prandl, L., and O. G. Tietjens, Hydro- and Aero-Mechanics; New York: Dover Publications, Inc. ; 1957.

	42, Rudiner, G., Wave Diagrams for Non-Steady Flow in Ducts; New York: D, VanNostrand, Inc. ; 1955.

	43, Salsbury, M.,""Effects of a Muzzle Brake's Diameter and Length on Overpressure and EfÏciency;" U.S, Army Weapons Command, Rock Island Arsenal, Technical Report 66-2920 (AD 803 417), October 1966,

	44, Schlenker, G,, "Theoretical Study of the Blast Field of Artillery with Muzzle Brakes;"' Rock Island Arsenal, Report No. 62-4257 {AD 296 587), December 1962,

	45, Schienker, G,, "Contribution to the Analysis of Muzzle Brake Design;" Rock Island Arsenal, Report No, 62-1794 (AD 276 154) May 1962.

	46, Skochko, L., ''Sound Analysis of Ballistic Shock Waves" (); Frankford Arsenal, Report R-1798, January 1966. {Confidential}

	47, Skochko, L., and H. Greveris, "A Source of Small Arm Muzzle Noise" (U); Frankford Arsenai Report R-1860, August 1967 (Confidential)




	Smith, F., "Model Experiments on Muzzle Brakes;'' Royal Armament Research & Development Establishment, RARDE Report 2/66 (AD 487 121), February 1966.

	49. Sonier, A. J., 'Evaluation of Gun, Submachine, 9 mm (Modified U.S. Caliber ,45 SMG, M3A1}, with Silencer Attachment, North Vietnam (Viet Cong)" (U); Springfield Armory, Report MR 8-1132, January 1965, (Confidential)

	Sterett, L.S,, "Silencers," Gun Digest, 18th ED., pp 135-138, (1964).

	Watling, W., "Acoustical and Visual Attenuation Through Dynamic Regualtion of Muzzle Gas Flow;" Springfield Armory, Report SA-TR3-1911 {AD 634 649), June 1966.




Patents - United States










	No.
	Date
	Inventor
	




	1 482 805

1 487 214

1 497 553

1 525 846

1554 O51

1 605 393

1 605 864

1 636 357

1 667 186

1 736 319

1 763 287

s

°

1 773 443

1 874 326

1 939 700

1 972 065

1 990 837

2043 731

2 087 594

2101 849

2101 850

2112 831

2128 936

2 143 596

,2 150 161

2 184 595
	5 Feb 24

18 Mar 24

10 Jun 24

10 Feb 25

15 Sep 25

2 Nov 26

2 Nov 26

19 Jul 27

24 Apr 28

19 Nov 29

10 Jun 30

19 Aug 30

30 Aug 32

19 Bec 33

28 Aug 34

12 Feb 35

9 Jun 36

20 Jul 37

14 Dec 37

14 Dec 37

5 Apr 38

6 Sep 38

10 Jan 39

14 Mar 39

26 Dec 39
	H,

P. Maxim

R. L. Detendorf

J. Dickman

L. E. Wurtzbach

0. Walker

R, M. Cutts

R. Steinegger

Cutts

W. R. Bluedorn

H. P, Maxim

Z, Wilman

Z, Wilman

W. P. Mason

C. F, Hopsetter

Q. G. Noblitt

S$.

H. Morgenstern

R. B. Bourne

M.

E,

Evang

5. G, Green

5. G, Green

R. M. Cutts

5. G. Green

N.J.A, Galliot, etc,

5.

G, Green

Hughes
	Silencer for Guns

Firearms & Ammunition Therefor

Exhaust Silencer

Silencing Device for Firearms

Firearms

Climb Arrester

Muzzle Attachment

Muzzle Attachment for Guns

Silencer

Damping Appratus for Prevention of

Noise, etc,

Silencer, etc,

Sound MufÒer

Muzzle Attachment for Guns

MufÒer

Exhauster for Internal Combustion Ergine

Sound Attenuating Device

Projectile

Muzzle Attachment for Guns

Muzzle Attachment fer Guns

Compensation for Ordnance

Muzzle Attachment for Guns

Recoil Absorber for Firearms

Muzzle Attachment for Guns



	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
















	
	No.
	Date
	Inventor
	
	Title



	
	12, 850

74, 757

401, 168

492,535

493, 462
	26 Nov 10

17 Sep 17

20 Aug 09

25 Mar 19

9 Aug 19
	M.R.A. Moore

E, Berthoud

M. H. S. Maxim

E, Rossignol

M. J, Barlowatz
	Silencer

Silencer

Silencer

Silencer

Silencer
	




	w

4
	498, 339

$10. 683

634,990

644, 379

647, 561

684, 938

737,125

786. 143

786, 895

B56, 238
	8 Jan 20

9 Dec 20

3 Mar 28

5 Aug 28

26 Nov 28

2 Jul 30

7 Dee 32

27 Aug 35

11 Sep 35

18 Mar 40
	M. R, Brevpaire

M. J. Brun

M. L. Bielecki

J, Duchenet

M,

F. Wilman

M. J, Vergne

A.G. I. R,

Kagan, etc,

E. G, Caron, etc,

Liberia

H.
	Silencer

Silencer

Silencer

Silencer

Silencer

Silencer

Silencer

Silencer

Silencer

Silencer
	



	
	858. 032

864,735

866. 587

911. 148

918, 658

981, 733

981, 869

1,003,025

1.021, 270

1,123, 835
	15 Nov 40

3 May 41

20 Aug 41

28 May 46

14 Feb 47

30 May 51

31 May 51

14 Nov 52

26 Nov 52

18 Jun 56
	A. Chantreux

E, Pister

P,C.F, DuBois

M. Marcel

J. J. Stapelle

H, A. J, Guarniery

J, A. Mouret

5, A. Silto

L.

Baer

J. M.

Lefebore
	Silencer

Silencer

Silencer

Silencer

Silencer

Silencer

Silencer

Silencer

Silencer

Silencer
	







Patents - Germany











	
	No.
	Date
	Inventor
	Title




	rs)

Fes
	B 453

144 415

150 359

172 498

191 758

210 314

212 126

226

214

215 488

231 957

846

241

935

298

301 229

303 306

314 192

314 842

316 274

317 577

351 625
	5 Jun 28

3 Mar 01

20 Dec 02

21 Sep 05

2 Jun 19

19 Apr 08

14 Feb

08

08

3

Nov

16 Apr 08

4 Sep 09

Jul

09

11

15

19

Jan

May 16

30

2 Jun 17

4 Aug 17

29 Nov 17

25 Oct 18

9 Jan 17

1 Dec 17
	Cc, A, Aeppeli

R, Schultz

H, Bandish

F. Hauvsesner

A, M. Low

B. Gavriloff

E. K, Kloesz

Kristandt

W,

P. Schader

P, Klan

Billerbeck

Cc,

Schauer

P,

F. Stendenbach

B. Hass

0, Hoffmann

K, W. Hess, etc

K, Schenkl

Nothiger, etc,

G,

W, Altendorf
	Silencer

Silencer

Silencer

Silencer Attachment

for

Guna

Silencers

Improved

Gun Silencer

Gun Silencer

MufÒer

Silencer

&

Gun

Gun Silencer

Gun MufÒer

Silencer

Silencer

Small

for

Arma

Silencer

MufÒer

Gun MufÒer

Silencer

MufÒer

MufÒer for Pistol

MufÒer



	
	629 404

665 167

695 929
	9 Apr 36

4 Mar 36

28 Feb 39
	H. Eissfeldt

Sewais Silencers, Ltd.

K, Rehor
	MufÒer

Absorbtion Material

Silencer



	
	732 487
	20 Apr 38
	W. Klaus, etc,
	Silencer & MufÒer














	No.
	Date
	Inventor
	Title




	104 199
	21 Feb 17
	E, W. Thompson
	Gun Silencer



	125 148
	17 Apr 19
	D. Samia
	Improvements in or Relating to Mortars

and Like Firearms



	166 851
	28 Jul 21
	J. Taliaferro
	Improvements inSmallArms & Machine Guns



	308 572
	1 May 30
	Coll. Worobjeff,

D.S, 0.
	Improvements in or Relating to Silencers

in Firearms



	498 775
	13 Jan 39
	F. G, Barnes
	Improvement in & Connected with Attach

ment to Firearms



	5B1 974
	31 Oct 46
	W, A, Kulikowski, etc,
	Improvements in & Relating to silencing

of Firearms



	
	
	Patents - Norway
	



	20 302
	3 Dec 08
	H,

P. Maxim
	Silencer



	47 405
	30 Apr 28
	Bror Witt
	Silencer



	
	
	Denmark

Patents

-
	



	35 748
	15 Mar 26
	f. S, Anderson
	Silencer



	
	
	Patents

- Austria
	



	
	
	F, Nemet
	Silencer







Patents - Italy




	No.
	
	Date
	Inventor
	Title




	401 021
	
	2 Jan 43
	A. B, aTorino
	Silencer



	
	401 755
	30 Jan 41
	L. M, aCastel
	Silencer



	
	
	
	Verres
	



	
	402 478
	10 Mar 43
	E, A. aMadellio Lario
	Silencer



	
	415 686
	28 Oct 46
	E, G,. aBologna
	Silencer



	
	472 688
	27 Jun 52
	A, T. aGrisolera
	Dissipative Silencer







UNCLASSIFIED

aa aes TRACT

'This report presents physical and functional descriptions and acoustical evaluation of various domestic and foreign silencers and silenced small arms weapons, [Encluded are cross-sectional drawings and external view photographs of all systems tested, An acoustical evaluation of each system is given in the form of far field sound pressure-time records, All major constituents of sound signatures are identified and time-correlated with their respective sources in the system. Additionally, the report presents a record of silencing principles and a theoretical analysis of the various noise generating phenomenon.
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