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INTRODUCTION

Throughout the history of firearms, gun nolse has been of con-
siderable concern to the military. Prior to firing, anticipation of the
ear Shattering effects tends to make the gunner flinch, resulting in
a consequenl deterioration of his aim. After firing, the gunner is
usually in a sState of temporary deafness., To the enemy, gun noise
reveals presence and, often, the location ot the firer, thus inviting
defensive or offensive reaction. From the above alone 1t becomes
evident that a '"siient' weapon is to be found indispenable i1n covert

operations,

Of the varicus noises associated with firing a convention.l
small arms weapon, the most significant is the muzzle blast caused
by escape of propellent gases after the projectile exits from the
barrel. Hundreds of patents, war and police records, and other
literature are witness to the efforts, for nearly a century, to elimi-
nate small arms muzzle biast, Notwithstanding time, effort, and
interest, no comvletely satisfactory silenced weapon has yet been
produced.

The lack of theoretical literature on silencing a firearm testifies
to the still inadequate understanding of the principles of sound gener-
ation and attenuation in a small arms weapen. Perhaps the fallure to
thecoretically define noise problems can be attributed to the virtual non-
existence of thorough and reliable experimental sound data from
existing silenced and unsilenced weapons., This lack of experimental
data is partially due to only recent development of adeguate sound
measuring equipmentlaf'h and partially due to the compiexily of the
problem.

This report 1s 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 fell to be representative., The sound eval-
uation presenied here is cursory, primarily because of the complexity
of the problem. First, the gun muzzle nors= is only cne¥ % of the many
possible noises being generated by each given system, Second, the
sound of interest is directional and attenuztes nonlinearly with distance,

*See Bibliography.
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See, for example Appendices A and B



Third, terrain and weather havye
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listener to 2 given sound 15 very
noise and on hkis Current ps
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theoretical knowledgpe,
to be essential and EXperi

a4 paramount effect on the noise being
h, the Physioclogical response of a

Sirongly dependent pn the background
ychological state, Many of the above

All sound measurements prese
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the linearized acoustic thecry and Presented an undistorted Seguence

of acoustical events., The sound Signature of each weapon described

was recorded in pPressure~time coordinate s suificiently expanded to
show each major constituent of the muzz]e noise,

nted were taken 1n the far field
N, Thispermitted application of
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SILENCER PRINCIPLES

Muzzle neise of small 5

TMiE weapons, silenced or unsilenced,
OCCurs due to the fﬂllﬂwing:

1. Air or Propellent gas discharge
This consists Primarily of
and the Propeilent gas blow-by {and
two inside the sy stem),

eXii,

Jectile at the Weapon muzzle, This effect,

requires attention in

Air or propellent gas discharge {or inflow) following f‘rﬂ*

3. ' 1T D- onsists gssentiall‘f of the initial unEFlTklﬂg 0
jectile exit. Thlsr:ssure the subsequent discharging jet turbulence,
inter:al:f}r:g:?dﬂe to reffectinns of these inside the system.
and the

) : h other and
ise sources are relatively 1ndepender1-t of eac orn ThL:E
The caxee T} requitre different techniques for ﬂ:;m_r ﬂ.ttE]‘llﬁ neéessarvl
cﬂﬂﬂﬁ:“‘*?t };;g or evaluating a silenced weapon it is usually :
when design i
to treat each noise source individually.

iectile traveling in a pun barrel accelerates and cn;ile:ses

A.prﬂjﬂd_ tely ahead of it. The precursor pressure Tlalv bsonic
the air lmI:ﬂE lz:t;rntial in most weapons, even the ones wit S:e-::urscnr
generatlgd 15 511_ jes. Prior to exit from the gun barrel, the p o
projectile velﬂ‘:ltlfl ' consists of a shock which reaches a Fressu:s:}r
wave front gEﬂE]:'arE‘fs Upon exit from the gun barre.l, the Pl;lec;lnund
severﬂ-} atmD'EP f a : ositive sound pulse in the far fl-E.:ld.. ThE ool
wave g_-wes r1seuﬂ an;. sawiooth confguration, hEBim_‘mg with a e si.
pulse 15. gﬂmira . exponential pressure decay with time, In E?::;nt
and ezdIZi:Dl;z 1E:L1]*:11iﬁ precursor sound pulse constitutes the dom
lenced w

noise sSouUrce.

! jectile itself penerates a Eubst‘annal

:ThE abrup'tl Ea?:tec? ::;I:pﬂzzfﬂ;l}fs 15 eaj&cially r:.nmn'llt::-n 1;1 :’EHP-
notse n EGH?E iy -:r exits are partially or completely restricte }'EEE
- 'WhDEE Elle‘nis such as sponge, rubber, felt, etc. In these CEf
o rflaterlafa::es of deforming flexible material and the mﬂﬂrf:m
Phe 'Ext?rmr Su;ate sgund, To a certain extent the samf Phﬂmz?l'le
Pr':'.le‘:'?:llﬂ EE‘:‘ n the projectile emerges through a hole in 2 ba_:“Ll :EE
;‘ll-f‘usex;?;;c:; Ean be expected to occur even when the prDJI:CtlTEhE
n-eiel:th followed nor preceded by high gas or Elliiiffﬂ“ifnérg&nce
sound signature in the far field due to abrupt pr igse e ageitude
from the muzzle consists usually nianN-wrave -liu i{,ciw ametor.
of this pulse depends primarily on the pr::uj.ecn Et-vfl > '
and length, and on the silencer muzzle confignration,

5 dis-
in an unsilenced subsonic weapon, th+e hc';t prﬂ?ellel?;tizﬂtz e
charging into the atrosphere after the I:ir-t:_:-J_e:ule Eiidlt Eill'se s generally
dominant source of muzzle noise, The 11111:131-5:::11;1 pu o bstantially
sirnilar in shape to the precursor pulse described above,

—

- ;1 ions on SCope
*This phenomenon i3 not to be confused with de.ﬂgnan;ilhﬂ eneral
traces where "Projectile Exit" is meant to represen
time of an event,

L}



greater in magnitude, In many unsilenced weapons this muzzle

blast exceeds the limits of thefirer's auditery safety and can be of
sufficient magnitude to stun him. In silenced weapons, the majer
portion of the propellent gas penerally escapes 1nto the atmosphere
after the projectile exists from the silencer. Howewver, 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 2 CDTI’-‘E!Epii-JIld.lrlgl}F
low Tesulting 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 ieakage of propelient gases past the projectile
while it i9 still inside the weapon, This condition occurs due to any
significant clearance between the projectile and the gun barrel or
silencer. Since the accuracy of the weapon 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 r-e.*preﬁlenl;ﬂ
a significant sound source in the system, The blow-by sound pulse 15
generally a positive shock, followed by an expoanential pressure decay.
In come cases, when the projeciile velocity is high, the blow-by can
arrive at the silencer exit at almost the same time as the projectile,

In this case the blow-by sound pulse will merge with, rather than pre-
cede, the rmain gas discharge sound pulse.

Theoretically, a gas or air jet discharging into the atmosphere
at a steady rate should nct generate any significant noise. However,
due to turbulanr:e?n vorticity, and reverperation within the jet orifice,
some flow fluctuation usually does occur. In some cases, this flow fluc -
tuation is a significant source of noise [jet planes, turbines, etc., are
examples)., In silencers, jet noise 13 generally substantially ltfwer
than precursor, blow-by, or blast noise. However, in some Sllencers
the jet noise becomes predominant. This 1s especially the case when
precursor, blow-by, and blast effects are substantiaily attenuated,
as in the Maxin and Sten gun silencers. The jet noise can also become
significant when the silencer baffle spacing is such that the baifled
chamber resonance correspends to the natural {requency of the dis-
charging jet. In such cases both the amplitude and the dominant fre-
quency of the jet noise can be substantially altered by changing the

baffle spacing within the silencer.

Presently the exact relationship between a sound signature and
the corresponding effects occuring in a silenced weapon is only vaguely
defined. It is known, however, that generally the magnitude and
duration of any piven sould pulse are primarily dependent on the
area throupgh which a quantity of prepellent gas or air is diecharged
to the atmosphere and on how this discharge varies with time, *

In most silenced weapons the gas discharpge area of interest is
the silencer muzzle opening. However, to predict the gas discharge
from the muzzle prioer to projectile exit, considerarion must alse
be given to blow-by clearances, volume, and internal coafiguration
of the silencer. The gas discharpe rate of a pressurized chamber or
tube is determined by both the discharge area and the stagnation
pressure of the gas, < The stagnation pressure varies inversely with
the volume containing the gas. Thus, the silencer volume becomes
a primary factor in determining the gas discharge rate immediately
following projectile exit, Any significant change in the silencer vol-
ume resulls in a corresponding change of the projectile exit sound
pulse magnitude. In the case of system blow-by, the sound
pulse is more dependent on the blow-by clearances, althocugh often
other factors also become significant., With the precursor wave,
much lower pressures are encountered, and the more dominant role
is played bwy silencer length, ¥

The propellent gas pressure can alse be reduced by heat ab-
sorption, Une method of effecting substantial heat absorption in the
sllencer 18 to increase the conlact suriace between the hot propellent
gas and the heat absorbent silencer material. The heat conduction
1§ maximized by using materials with high heat conductivity {z.g.,
copper 1s good) and by exposing the gas to the heat absorbent mate-
rial early in the expansion process when the temperature differential
18 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 absorpiion is limited by the short ballistic
cycle fimes encountered in small arms weapons.

Another method of effecting large heat losses in the silencer 1s
10 introduce a foreign subatance, preferably a highly volatile selid
or liquid, intc the propellent gas just prior to projectile exit frum the

jﬂ':-l'zhlrﬂ,g.'-En-t:li:l-.: -
**Appendix D



silencer. The substance evaporates by absorbing heat from the
propellent gas thus reducing the internal pressure. The

presumabl}r successful application of this technique 1s o snak the
silencer wire screening in oil. Water is also usable, but may pres=

ent corrosion problems. The gzneral principle, although not thoroughly
investigated in the past, seems 1o have good possibllilies.

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

Several exceptional silencing techniques® deserving mention
may now be added to the above desc ribed principles. H. P, Maxim,
in the early 1900's, patented and manufactured a relatively successful
silencer with specially formed baffles. These baffles channeled the
expanding preopellent pases into a pe ripheral motion within the silencer,
The penerated vortex reduced the pressure at the center, thus reducing
the propellent gas discharge rate from the silencer, Although to dale
the principle lacks conclusive theoretical and experimental verilication,
superficially it seems sound. Except for the vortical gas motion, the
Maxim silencer performed according te the principles previously
described.

During World War II, Germany developed several experimental
silencers, One interesting versiocn incorperated conical baffles, equally
spaced along the silencer and inclined rearward. Although this tech-
nique would not be expected Lo reduce the 1nitia! propellent gas dis-
charge rate aiter projectile gxit, it does have a natural tendency to
reduce the precursor and the blow-by. This reduction can be attributed
fo the efficient inward reflection of all outgoing pressure waves within
the silencer.

Some of the above German World War Il silencers incorporated
a flexible {sponge, rubber, stc,) disk at the silencer exit {patented
1936 in Germany), The disk closes off the internal silencer cawvity un-
less forced open by the exiting prejectile. 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, hiow-by, and ex-
panding blast pressures would not deform it and yet the projectile could

*Appendix E

force its way through., A variation of the technique 1s to distribate
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
gilencer opening. A wvariation of this, not often encountered, 18
discharging pressurized gas through the periphery of the gun barrel
or silencer., Although the technigue as described in some silencer
patents was probably unsuccessful, with proper gas discharge dis-

tribution and timing this silencer type could prove very effective
accustically,

A few of the early silenced weapon patents described mechanical
means for restricting the rapid propelient gas discharge after pro-
jectile exit from the weapon., One of these prescribed the use of a
metal pate to close the gun barrel immediately after projectile pas-
sage. The gate in this case was to be driven directly by the propellent
gas following the projectile. Other patents described the same
principle, but added a side-branch, gas-driven piston to activate the
gate. Another patent described a weapon 1n which the projectile was
driven by a piston of shightly larger diameter., The piston was to be
stopped at the chocked barrel muzzle while the projectile would pro-
ceed to exit. In this way the piston would trap the propellent gas inside
the gun barrel. The patent did not prescribe an expedient method for
extracting the piston from the barrel., 35till ancther 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
reieased through small openings in the chamber. Althuugh-:‘:‘tll of the
above techniques seem sound, more often than not they are plapued
by insurmountable design problems, Even if the abovs E}fstem_s could

be made operable, as described they would not be expected to effect
any exceptional attenuation in noise.

DESCRIPTION AND EVALUATIONS OF
SILENCERS TESTED

rest dﬁn array of readily available silencers and silenced weapons was
ed al Frankford Arsenal. Since theinformation was collected over an

7



extended period of time, some of the sound histories were recorded
at distances other than five meters, All measurements were made
with either a Bruel and Kjaer{B&K),1/4 inch (Model 4135} or an Altec,
1/2 inch {(Model BR150) condenser microphone, The microphone out -
put was fed into an oscilloscope [Techtronix) and photographed lor
record. In a few cases the weapon sound history was Lirst recorded

by a tape recorder {Ampex 351) and then transferred to the oscilloscope
and the camera film, In each case sufficient 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 Iound to have 2 paramount
effect on the validity of recorded socund data, Some microphone
systems were found to have insufficient response while others dis-
torted the signal with resonance. Zoth Altec and B&K microphoene
systems showed a pronocunced tendency to distort the signal when
measuring low intensily shock waves. They were almost completely
free from resonance at higher sound levels, Although the specified
frequency responscs of Allec andB&K microphones are, respectively,
11,9000 and 75,000 cps, both gave relatively comparable results for
the purpnse at hand. The tape recorders are generally not recom-
mended for recordinpg shock type sounds, primarily because of thelr
slow response [usually not higher than 20,000 cps) and vulnerability
to overloading., With care, however, useful data can be recorded,

Another problem eacountered during the tests was the sounnd
reflection from the pround, Incases where both the direct and re-
flected sound signals were recorded, no perceptible loss seemed
to oceur through reflection from loose sand and Sparse grass. The
reflected signal was simply slightly smaller in amplitude for hawing
traveled a lonper distance {rom the source, Consequently, 1t was
found necessary to place the microphones and weapon sufficienily far
from the ground te insurc receipt of only the primary signal, The
further from the gun the measurements were taken, the higher the
microphones had to be placed off the ground,

iost silencers and silenced weapuns tested were intended for
standard subsonic ammunition, available commercially., Some
sy stems, however, required special reduced charge cartridges. For
tests, these rounds were prepared with appropriate type and quanfity
of provpellant 12 vield projectile velocities substantially below the
speed of svucd, Since 1n some Cases the projectile velocities intended

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

pared and tested ammunition may have deviated slightly fr e pre-
intended. It is doubtiul, howewver, that this factor Eum'}; Sinrnq:.hat
alter the sound results presented herein. Some systems Ezz}tcantlv
the Sten gun, were designed for standard supersonic -11111;111 t'd- as
these cases the barrel nsually had propellent gas bieed hul:sl’::-l.reln

duce the internal pressure, thus ] ]
» reduclng the projectit :
locity. Pr ) e muzzcle

It 15 appropriate at this point to describe the methods whereb
the weapon's major noise constituents, listed with each of the fn::ilE 4
ing suund.ﬁc-:]pe traces, were identified. In most cases the fir t o
step consisted of examination of a sufficient number of the we:;s ’
scope traces to establish the recurrent character of the mveralfnn *E
on noise, Next, scope traces were taken with the whole weapor e
cept the muzzle, wrapped with attenuating material {a suedfh;:::i{_
_]a.::ketl was found to be a remarkably good attenuator). Noting o
tzh-e 'nmae Ccomponents on the trace thus attenunated or compietely e -
1111.11nated, positive identification was made of the weapon's br ¢ h
nu-lse and the {irst noise emitted from the weapoen muzzle ij‘: '
this, scope traces were made with the weapon muzzle ta;;ed -:wei“x:iﬁu

heavy elastic tape, Thi -
" 8 determined the ' i - -
exit from theo weapon, relative time of projectile

* The mechanical noises due to the weapon hammer and firj
pin fall alone were determined by dry firing the weapon. In we:lins
Ebti;:]f;ch};able 31lencers, the precursor shock exit time was esf
| Oom sScope iraces of the weapon fired without
Next, an impulse-time diagram was constructed from
trace of the overall unmodified weapon noise, This established an

approximate relationshi
P between the propellent sas di '
3
of the weapon and and the scope trace ° Scharge mstory

the silencer,
the scope

1n t ] 18Li

knﬂl;ﬂ weapm} during the_: ballistic cycle were calculated from the

o nor estimated projectile travel-time history
culated and experimentally established data

of ' '
the major weapon noise sources listed with t
SCOpe traces,

ﬁna]ysis of all
led to identificalion
he following sound

in practic
P €, all sound measurements and loudness judgements

are made j
In the presence of some type of background noise. Although

the :
Pparent loudness of a signal can often be altered substantially



by the background noise, presently there 1s no satisfactory means Ior
predicting this masking effect, Howewver, it is known that when the
sound pressure level (SPL} of a continuous signal exceeds the SPIL,

of background noise by more than 10 db, the effects of backpround
noise, for all practical purposes, can be neplected. If the same
criterion 1s assumed {or {ransient noises, then masking of the weap-
on notse by the backgorund noise should become significant only when
the background sound pressure exceeds about a third of the weapon
sound pressure. All Frankford Arsenal scund traces were made with
the background noise well below this Hmit,

Caliber . 22 Hi-standard Fistol/French Silencer

The "French' silencer is a recently manufactured item, designed
for a caliber , 22 or a slightly larger caliber weapon, In all respects
other than that its baffles are not perforated, this silencer of French
origin is identical to a Parker-Hale '"Sound Moderator'' presently
being manufactured commercially in Britain. History and exact
origin of the "French' silencer are unknowmn,

The all-metal siiencer tested (Figures 1 and 2) was adapted to
a cabiber . 22 Hi~standard semi-autoematic pistol by threading the
barrel. Inside, the silencer contained a series of metal baffles,
spaced 0, 43 inch apart, The first baffle was located 2, 37 inches
from the gun barrel muzzle, presumably to reduce stresses on the
batfles and to provide an initlal expansion chamber., The projectile
passage diameter throughout the silencer was 0,28 inch, Outside,
the silencer diameter and lenpth were, respectively, 0.94 and 7. 31
inches, Table 1lists some ofthe more important physical and func-
tional parameters of the Hi-standard pistol and the "French' s1-

lencer.

Figures 3 and 4 show scope traces of the sound pressure-time
history of the pistol without the sikencer firing a L.ong Rifle cartridge,
Thetraceswere recorded five meters from and direcly to the side of the

pistol muzzle, The three primary acoustical efiects - primer initiation,
precursor shock exit, and propellent gas blast - are distinctly visible on

the traces, The highest sound 1impulse 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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. 22 Hi-standard Pistol/French Silencery

Cross section, Caliber

Figure 1,



TABLE I, ©Caliber .22 Hi-standard Fistol/French Silencer

Projectile
Weipht { Long Rifle) 40 pr
Diameter {. 225 in
Velocity [at silencer eaat) 1050 fps
a Enerpy [at silencer exit) 98 ft-1b
= Trawvel at peak ballistic pressure [estimated) 0, 4 inch
— Travel in barrel 7.0 inch
E Trawvel time in barrel 0.65 ms [approx)
o Travel time in silencer 0.55 ms
5
; Propellant
E Weight (double base, flake, web ~. 0,003 in,) 1.7 gr (+0, 2 gr
b pPrimer)
g Chamber volume 0.016 in, 3
o
- Ballistic pressure
E Peak 24, 000 psi
% At barrel muzzle {estimated) 1,000 psi
i
L Silencer
o Passage diameter [for projectile) 0,28 in,
:: Weipht 0.25 1b
E Free volume 2.38 in, 3
i,f FPistol weight (without silencer) 2,75 1b
~ Trme between precursor and projectile exits from
Ellencer {estimated) 0.95 ms

Flipure

12 13
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Primer Initiation
Precursor Exit from Barrel
Projectile Exit from Barrel
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sound Prassure-Time History, five meters
(Unsilenced) , Using Long Rifle Cartridge

y = 108 pbars/cm
¥ = 0.5 ma/cm
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Mierophone; B&X 4135
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to side, Caliber .22 Hi-standard Pistol



The sound sipnature of a Hi-standard pistol with the French
silencer a2nd using & Long Rifle cartridgeis shown in Figure 5, In this
casethe sound pressures were substantially lower than withthe unsilenced

pistol. The Iirstdistinct sound perceivedduring the firing cycle was a pulse

{ptl, Figure ) generated aboutthe time the firing pin hit the primer.
Since at this time four successive functions - hammer fall, firing
pin striking primer, primer explosion, and pas leakage around the
cartridge case - occurred, the exact source of the first sound pulse
is not definite. Howewver, experiments with other systems indicate
that, generally, by far the loudest pulses are generated by the gas
leakage arcund the cartridge case and by the hammer fall. The
firing pin striking the primer is generally somewhat louder in weap-
ons without a2 hammer,

The next sound after primer initiation was the precursor wave
exiting {rom the silencer muzzle. This sound pulse (pt 2), because
of its low amplitude, 15 barely distinguishable in the trace. Shortly
after the precursor, the blow-by pressure wave (generated by the
leakage of propellent gases past the projectile) exited, Exit of this
pressure wave gave rise to a pulse of 117 dp peak SPL, The pro-
jectiie exited the silencer 0, 3 millisecond after the blow-by wave,.
Its exit was followed by the main efflux of pases, which resulted in
the positive pulse of 119 dp peak SPL. Following the projectile
exit and initial gas eiffiux, the steady discharge of propellent gases
gave rise to turbulence which, combined with reverberations within
the silencer, generated a prolonged noise [pt 5) ol approximately

105 db peak SPL.

Sound signature of the caliber , 22 Hi-standard pistol without
silencer, firing a Short cariridpge, 18 shown for reference in Figure

b.

Caliber _ 22 Silenced Hi-standard Pistol

During World War II, the 1.5, Infantry Board established
interest in silenced weapons, 37 A variety of weapons, including the
silenced caliber , 22 Hi-standard pistel (Figures 7, 8, and 9, and
Table II), were givenconsideration., It was concluded that all si-
lenced weapons were bulky and still detectable at close ranges. Be-
cause of low lethality, it is doubtful if the Hi-standard pistel described

herein lound very wide application.
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L1 = 100 4b

(:D Primer Initiation

Ly =s 05 db

@ Preacursor Exit from 5ilencer

L3 = 117 db

@ Blow-by Exit from Silencer

Ly = 119 4ab

@ Projectile Exit from Silencer

L = 105 db (average)

{5:) Propaellent Gas Discharge Turbulence and
Reverberations within Silencer

Sound Pressure-Time History, five meters to side, Caliber ,22 Hi-standard Pistol/

French 5ilencer, Using Long Rifle Cartridge

Figure 5,
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TABILE II. Caliber .22 Silenced Hi-standard Pistol

Proiectile
Weight [L.ong Rifle)
Diameter
Velocity {at silencer exit)
Energy [(at silencer exit)
Trawvel at peak ballistic pressure {(estimated)
Trawvel 1n barrel
Travel time in barrel
Travel time in silencer

Propellant
Weight [double base, flake, web .. 0, 003 in,)

Chamber volume

Ballistic pressure

Peak
At barrel muzzle [estimated)

Silencer
Passage diameter {({or projectile)
Weight [excluding gun barrel and pistol)}
Free volume
Around gun barrel {includinpg barrel holes)
In iront of gun barrel
Wire mesh volume
Rolled {around gun barrel)
Discs [front of barrel)

Gun barrel and pistol weight

40 pgr

0,225 in,

930 {ps

75 ft=lb

0,4 in.

b, 2 in,

0. 65 ms {approx)
0,22 ms

l.7gr [+ 0,2 pgr
primer)
0. 016 in, 3

24 D00 psi
90 ps1

0. 234 in,
0,63 1b

1, B4 in, 3
G, 76 in, 3

0. 79 in, 3
0, 35 in, 3

2.37 1b

Silencing of the Hi-standard pistol has been accomplished
essentially by drilling the barrel and enclosing it in a silencing tube,
The barrel has four longitudinal rows of '"bleed" holes, 0,125 inch

1n diameter and spaced 0, 250 inch apart.

The primary function of

the holes is reduction of the ballistic pressure which, in turn, alsc
reduces the velocity of a supersonic Long Rifle cartridge below the

speed ol sound,

22

The silencing tube surrounds and extends beyond the piatol
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 surrcunding 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, FProjectile passage through the front portion of the silencing
tube is 0, 234 inch in diameter, The silencing tube diameter and
length [beyond gun barrel) are, respectively, 1.0 and 2,5 in,

Figure 10 shows the scund 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 muzzie. As can be seen
irom the scope trace, the pistol’'smain sound sources were: primer
initiation (pt 1, Figure 10}, bleed hole blow-by [(pt 2), and projectile exi
ipt 3). The primer initiation pulse, which was predominatly due to
propellant 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. Shertly after, the blow~by wave, originated at the gun
barrel muzzle exited. This event occurred almost simultaneously
with the projectile exit, The combined efiect 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 reverbherations
within the siiencer,

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}
wa s 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 silenced test fixture [Figures 11, 12, 13,
and Table Hi} was designed by Aircraft Armaments, Incorperated,
in 1965, The study was conducted as part of a Frankford Arsenal
contract issued to tnvestigate unconventional nse of small arms.
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Figure 13,

Caliber . 22 Silenced AAI Experimental Test Fixture, Disagsembled



TABLE III, Caliber .22 Silenced AAI Experimental Test Fixture

Projectile
Weight 40 gr
Diameter 0.225 1n,
Velocity {at silencer &kit) 990 fps
Energy (at silencer exit) BB fi-1b
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, ) L.7egri{+ 0,2 gr
primer)}
Chamber volume 0.016 in,
Ballistic pressure
Peak 24,000 pai
Al barrel muzzle [estimated) 130 psi
Silencer
Outside diameter 1.0 in,
Length 6.5 in,
Weight [excluding action and gun barrel) 0.5 1b
Free volume (including gun barrel holes) 4,69 in. 2
Total fixture and silencer weight 1.5 1b

The AAI fixture is essentiallya caliber , 22 single shot rifle action
with a 7-inch barrel. The barrel has a total of 28 holes of various
diameters drilled along its length, The first four holes are enclosed
by a section of a Negator spring, Presumably to give adaptability
to both the Short and the Long Rifle cartridges. Surrounding the bar-
rel is a silencing tube which forms an éxpansion space for the pro-

pellent gas escaping through the barrel bleed holes. The expansion
space is divided by six baffles which isolate each set of bleed holes

28

and thus prevent excessive blow-by, Some chambers Surrounding the
bleed holes contain rolled steel wire mesh, presumably intended to

- cool the expanding gases,

The performance of the AAI silenced fixture is simple in prin-
ciple. As the projectile travels down the barrel, the pPropellent pas
bleeds off through the barrel holes and expands inte the space around
the gun barrel. The expansion of propellent gas i8 accompanied by a
reduction 1n the ballistic pressure behind the projectiie, By the time
the projectile exits from the barrel, the propellent Eas pressure has
been reduced to that dictated by the total expansion space (and 51ight
heat absorption)., The lower pressure behind the projectile at exit
results in a lower initial propellent gas discharpe 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 resultsin a reduction of pro-
jectile velocity; (2) the eventual abrupt uncorking of the barrel is
accoustically undesirable; and {3) the projectile {e specialiy a lead
PTojectiie) is susceptible to deformation and erosion by propellent
gases if bleeding is accomplished toop abruptly or while the gas pressure
1s 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 14) 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 leakape around the cariridge
was small, the three events are not readily distinguishable on the
8Cope trace, However, the pulse due to ieakage around the cartridge
seems {o 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 EAS
leakage, CCCUrTIng as scon as the projectile passed the first set of bar-
rel bleed heles, resulted in a peak SPL of 116 db, This sound pulse
could be eliminated by a tighter fit between the tube and breech,

The next Puise (pt 3} was dus to exiting of the precursor wave and

the propellent gases which found their way through the bleed holes ahead
of the projectile, This sound pulse was relatively small, with a peak

29



SPL of 101 db, Shortly after the precursor and biow-by, the pPro-
jectile exited, Thie resulted in the main efflux of gases from the
muzzle and the consequent biast pulse {pt 4} of 114 db peak SPIL,,
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 grasas)
occurred with almost negligible attenuation,

y = 78 ybars/em
x =0.,5 mg/em
93 db

Caliber . 22 Hi-standard Pistol/ FA Silencer

L cm » ] major division
Microphone: B&K 4135
Lz = 116 db

Ly = 101 db
Lz = 114 db

Ly =

The experimental silencer shown in Figures 15 through 17 was
designed by two Frankford Arsenal employees in 1967, It evolved
concurrently with the availability of low cost porous metal machining
stock, The porous metal manufacturing techniques, which only re-
cently were refined, consist of casting the molten metal over a salt
configuration and dissociving the salt after the metal hardens., Pres-
ently, a aumber of metals'can be cast into almost any porosity,
density, or shape. The silencer described herein is probably a fair
representative of its type,

five metars to side, Caliber .22 Silenced AAY

Using Long Rifle Cartridge

The caliber .22 Frankford Arsenal silencer was tested with the
same Hi-standard pistol used for evaluation of the French silencer,
It iz 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)., QOutside,
the porous section of the silencer is wrapped with electrical tape, which
limits the propelieat 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.

i i e L
' r

The outstanding characteristics of the caliber . 22 Frankford
Arsenal silencer are small weight, low manufacturing cost, and rel-
atively quiet acoustical performance. The undesirable features of
the silencer are its buikiness and high erosion rate. Othar physical

and functional characteristics of the tested silencer areligtedin Table
IV,

(through initial blead holes)
Sound Pressure-Time History,
Experimental Test Fixture,

(viz bleed holes)

(:) Gas Leakage from Silencer Tube Base
@ Precursor and Blow-by Exit from Muzzle

@ Projectlle Exit from Muzzle

(1) Primer Initiationm
@ Ground Reflection
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Figure 14.

The general acoustical performance of the Frankford Arsenal
Bilencer can be surmised from the sound scope trace shown in Figure 18
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TABLE IV, GCaliber .22 Hi-standard PistolfFA Silencer

g" Projectile
3 Weight {Leng Rifle) 40 pr
E Diametier 0. 225 in,
= Y Velocity (at silencer exit) 1050 ips
= o Energy (at silencer exit) 98 ft-1b
; - -9 Travel at peak ballistic pressure {estimated) 0.4 in.
_ '4; %f Ii.d Travel in barrel 7.0 1in.
"'h %‘ 5 Travel time in barrel 0. 65 ms {approx)
z E Travel time 1n silencar 0, 37T ms
; E Propellant
. 3 = Weight (double base, flake, web ~ 0.003 in,) 1.7 gr (+ 0.2 gr
: = primer)
: 2 Chamber volume 0.016 in, 3
= [xy -
. - Ballistic pressure
z 5 Peak 24, 000 psi
o At barrel muzzle {estimated) 1,000 psi
E
R Silencer
2 Passage diameter (for projectile) 0.23 in,
e Weight D. 47 1b
o Total free wolume 5.6 in, 3
E Total pore volume 4.9 in, 3
é . Mean pore diameter {(approx) 0,04 in_ 3
o
n "E Porous aluminum density 0. 043 1bfin. 3
8 o
E : Pistol weipht (without silencer) 2. 75 1b
o o
0 a Time between precursor and projectile exits
] from silencer {estimated) 0,90 ms
rn_.
i)
4
=
B0
vped
(LP
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{see Figures 3, 4, and 6 for sound scope traces ot the P1stol withont
silencer}. The main sound socurces of the silenced pistol were primer
initiation {pt 1, Figure 18), blow-by (pt 3}),2nd gas discharge following

Frankford Arsenal silencer could be described as a relatively mild,
muffled hand clap. The system sounded somewhat guieter than the
silenced Hi-standard pistol,

- —
-E - 5 projectile exit {pt 4), The noise due to precursor (pt 2} was relatively
B ¥ oo - insignificant. The primer initiation sound pulse {as previously de-
> B s : scribed} occurred due to gas leakage around the cartridge case. The
E Ny § - peak SPL of this pulse was 103 db., The next and largest scund pulse
] g E: was that due to the exit of propellent gases which by-passed the pPro-
o E é i jectile. This pulse had a peak SPL of 108 db, The projectile exited
8 o o S E approximately 0.4 ms after the blow-by. The gas efilux following
L : “E E o the projectile exat gave rise to a sound pulse of 100 db peak SPL.,
~ K g In general, the sound signature of the caliber , 22 pistol with
2
-~
e
o
0

Ly = 103 db
L» = B89 db
Ly = 108 db
Ly = 100 db

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, 5, silencer
were patented and manufactured commercially in 1909, At the time,
the use of the Maxim silencer was considered by the Army, and

gtory, five meters to side,

Q
bE
o
-
H
&
-
L&
5 L issue of two silencers per platocon was recommended for training
E E recruits. Howewver, due to the ballistic crack of the supersonic
W 3 - round, the Maxim silencer, as well as several other de slpns, never
2 S 'E = B found wide application. It is doubtful if, at that time, the use of a
E E E afn modified {subsonic} cartridge was piven much consideration except
~ 5 o E = 5 for speciul missions,
e =L D 1 m
B T
o E g & E; 2 = The Maxim silencer version recently tested at Frankford Arsenal
H i
g w® p 3 E 9 [see Figures 19 through 22 and Table V) is the '"Model 15 supposedly
= o ™ E = Lol 18sued to National Guard units during World War I, [t is approximately
T 4 X H ny ? inches long and 1 inch in diameter, The silencer is 0. 16 inch eccen-
|.:'-|!I:-",|| 5 . E E E: LTic with respect to the rifle bore. It attaches to the military Spring-
T Y 0D fry field rifle by an end nut and two tapering half-sleeves. The front rifle
E g % -E. E . sight must be removed and replaced during the mounting operation,
A om m oam ~ Inside, the Maxim silencer is composed of an initial expansion chamber
. v followed by 19 equally spaced baffles, The baffles are indented rear-
@ @ @ @ @ b ward and oif-center from the silencer and the rifle bore axes.
o
=
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TABLE V,

FProjectile
Weight [Match)
Diameter

Caliber , 30 M1903 Rifle/Maxim Silencer

Velocity [at silencer exit)
Energy {at silencer exit)

Trave: at psak ballistic pressure {estimated

Travel in harrel

Travel time in barrel
Travel time in silencer

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

Chamber volume

Ballistic pressure

Peak

At barrel muzzle {(estimated)

Silencer

Passage diameter {for projectile)

Weight
Free volume

Outside diameter

Length [beyond gun barrel)

Rifle weight {without silencer)

Time between precursor and projectile exits

from silencer {estimated)

42

175 gr
0, 309 in.
1050 fps
431 ft=1b
0.4 in,
22,0 in,

Z, 3 ms [approx)
J, 56 ms

T.6gr(+ 0.5 gr
primer)
0, 30 in. 3

20,000 psi
1, 000 psi

0, 375% in,
0.63 1b
4.0 in, 3
1.0 in,
7.0 in,

9 ib

1,44 ms

The Maxim silencer bafile configuration induces the gases,

Prgpagating down the silencer, into a2 vortical spin. No data seem to

be available on the acutal effectiveness of the principle. However, it
is conceivable that pressures at the silencer projectile passage could
this be substantially reduced. The Maxim silencer's acoustical per-
formance [Figure 25) ismuch belter than would be expected from its
clparances, voelume, and length aiene., Thus, some effectiveness
must be attributed to the silencer’s ecceantricity and the askew baffles,
However, the value of the vortical spin principle still remains gques-

tionable.

Figure 23 shows the sound pressure history of the caliber | 30 M1903
rifle without the silencer, using a subsonic cartridge. As can be seen
from the scope trace, the main sound scurces 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 2and 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 2Z5.
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;1s shown in
Figure 24, The absence of the usually high initial positive sound pulse
suggests that pas leakage around the cartridge case 13 very low and
that most of the system's initial noise 18 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 SFPL.
Following these pulses, there is a prolenged, seemingly random,
nolse of approximately 102 db peak SPL due to gas discharge turbu-
lence and reverberations inside the silencer,

The general sound history and apparent loudness of the tested
Maxim silencer are comparable to the better silenced systems. This
18 especially significant in view of the relatively high projectile energy
(431 ft-1b) and velocity {1050 fps). Combining this with the silencer's
adaptability to standard weapons, its relatively small size, and its
construction {requiring no maintenance or replacement of parts), the
WW I Maxim silencer is one of the better items tested at Frankford
Arsenal.
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(:) Primey Initiation
(:} Precursor Exit from Barrel

Projectlile Exit from Barrel

y = 896 ubars/cm
x < 0,5 ma/em
lem=1major diviaion

Microphone: B&K 4135

L1 == 93 db
Ly = 119 db
Ly = 137 db

Figure 23. Sound Pressure-Time History, five meters to =ida, Caliber .30 M19073 Rifle

{(Unsilenced), Using Subsonic Cartridge

Primar Initiation

Precursor Exit from Silencer

Blow-by Exit from Silencar

CRVEONGC.

Projlectile Exit from Silencer

Figure 24, Sound Pressure-Time Higtory, five maters to side,
sllencer, Using Subgonic Cartridge

Yy = 43 pubars/{cm

x = 0.5 mag/em

1 em = 1 m2ior division

Microphone: Altec BR 150

Ly = 93 db
Lp = 93 db
L3 = 100 db
Ly = 113 db

Caliber ,30 M1903 Rifle/Maxim




Caliber . 30 Silenced M1 Carbine

The silenced M1 carbine [Figures 26 and 27 and Table VIl was
developed in Enfield, England, about 1945, It is believed to have been

carbine's silencer surrounds and extends seven inches beyoad the gun

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

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

silenced barrel are 17 and 1,4 in., respectively,

g
E e
; 7
B} 3 " S designed for the Qlffice of Strategic Services, The carbine is manually
9 ;.-E E; "™ e uPErEtEd and takes standard supersonic ammunition, Because of it s
A _E e E-" -, bulkiness, manual feeding, and not toc impressive acoustical periormance,
-g g = f o i, it is doubtful if the weapon was widely utilized,
" ¥z s
& o 5 RO~ * dard ; it to be used in the sil
& D g 5 g A N a = Since standard Supersonic amrmunition was to be used in the silenced
I " e A - A = o carbine, seven holes oif 0,125 inch diameter were drilled in the barrel
C o K .
> * B 8 * B EI = close to the breech, This allowed the gases to be bled off through the
H L - uli - - e
- o X . " . o holes, with a consequent reduction in ballistic pressure and projectile
0 - .
TN . o e muzzle velocity., The origiral barrel length was also reduc*ed to ten
= a i inches, presumably to minimize the final length of the carbine, The
ﬂ-'I-
gL
-l
|
0
ol

oy
E Sound pressure-time history of the tested carbine, five meters
E = to the side of the weapon, is shown in Figure 28, The main constitu-
o EE" ents of the noise are: primer initiation {pt 1, Figure .?.B}', bleet} -hole
- o blow-by (pt 2}, gun barrel muzzle blow-by (pt 3), blast immediatelw
- -5 following prejectile exit (pt 4}, and continuous noise emitted from
. E _E E E-g silencer after projectile exit (pt 5).
J o 0o
E E ,;,ﬁ :E - B The primer initiation noise {barely visible on the trace) was
- 5 n o = e approximately 94 db peak SFPL and was primarily due to the hammer
- E E 25 .E E fail. The gas blow-by around the cartridge case seems relatively
E g E r EF insipnificant,
“ & | A% B -
- I a o E S Following primer initiation, the first significant sound pulse
§ § 9 o© - Ll (Pt 2) was caused by the exit of the pPressure wave generated by the
5 & ﬂ“ E E ~ 3 gaBes finding their way out through the barrel bleed holes, This was
E o s E E 2 Positive sound pulse of 112 db peak SPL., The secondary blow-by,
b4 é -E-: B & o - Which occurred at the gun barrel muzzle, exited the silencer apprn:::i-
& m ~ E é _ »ately 0,6 ms after the blsad hole blow-by. This generated a postive
o~ 0 Sound pulse of 122 db peak SPL.
P ] e} Sy
) | E The projectile followed the secondary blow-by by about 0, + ma.
- The immediate accoustical effects associated with the projectile
™ exit { pt 4) are barely distinguishable from the scope trace, This is

due to the masking effect of reverberations within the silencer and

47
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TABLE VI, Caliber _ 30 Silenced M] Carbine

Projectile
Weight
Dialfleter 108 gr 5
“-’elucity {at silencer exi D. 306 in, B
it) 1058 fps 5 T 2
Energy fat silencer exit) 270 ft p]b 5 5 =
Travel at peak ballistic pressure [estimated) 0.5 in : 5 o §
Travel in barret 9'2 T 1 B =&
Travel time in barrel i‘ 301:;5 { noown 'E 2
Travel time in silencer DI 56 ms *PProx) A 2
- 1 I n .
P ™ M H 0
ropelliant L
—~ =

Weight (WC220 doubla base,

spherical pranulation
0.013 by D, 009 in, )

13 gr {+ 0.3 gr

Chamber volume 0.062 il:.ri:"?rmr}i
. I,
Peak ballistic pPressure 31, BDO ps;j
; psi
Silencer
Passage diameter (for Projectile) D. 375 in
Free volume : :
10, 3 in, 3
Carbine weight [without magazine)
Silenced 5.7% 1k
Standard unsilenced 5-lb
Time between Precursor and projectile exits
from silencer (eﬁtimated} 0,41 ms

50

Ls » 118 db (averaga)

Ly = %4 db
Ly = 112 db
Ly = 122 dp
L, = 119 db

Reverberations within 51lencer

E) Projectile Exit from Silencer

@ Propellent Gas Dischargsa Turbulence and

CE} Gun Barrel Muzzle Blow-by Exit from S5ilencar

@ Bleed Hole Blow-by Exit from Silencer

@ Primer Ipitiation

-
b,

Figure 28. 8ound Pressure=-Tims History, five maters to side, Caliber .30 Silenced M! GCarbina



discharge turbulence occurring at this time. An approximate value

of 119 db peak SPL was assipned to the projectile exit pulse. Follow-
ing the projectile exit from the silencer, there was a continuous noise
of about 118 db peak SPL.. This high frequency noise, which again can
be attributed primarily to internal reverberations, persisted for
several milliseconds. It is superimposed on a gradual trend into the
negative sound pressure tegion., This, of course, signifies the
eventual decrease of gas discharge from the weapon,

Te a subjective listener, the firing of the silenced carbine sounded
hke a sharp hand clap followed by a distinct hissing sound,

Caliber . 32 Silenced Sleeve Gun

Little is known abeout the origin and history of the silenced sleeve
gun, It bears close similarity in desipn and workmanship (Figures 29
through 32 and Table VII} to the caliber .32 Welrod 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 pun suggest that it
was also intended for use as a club.

Firing of the weapon 15 accomeplished by moving 2 latch toward
the weapon rmuzzle. 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 i3 provided with

an eyelet, presumably fora strinpg to support the weapon in a coat
sleeve,

The internal configuration of the sleeve gun, except for dimensions,
15 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 surrcocunding the gun barrel,
The tube alaso 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 baffles which provide the si-
lencing effect.

*See Fig:.l_re 35.
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TABLE VII, Caliber .32 Silenced Sleeve Gun

=
£ ;
3 |
E PrnjEEtllE
= Weight 77 ar
— Diameter 0, 315
= Vvelocity {at silencer exit) 700 ips
= Energy {at silencer exit} 82 ft-1b
= o Travel at peak ballistic pressure [estimated) 0. 35 in,
= s Travel in barrel 3,25 in,
= E Travel time in barrel {estimated) D.54 ms
E——“’ m Travel time in silencer 0. 34 ms
: :
= o Propellant
= . Welght (Nerma, ACP, double base, web ~0,0031in,) 3 pr {+0D, 3 gr
§_ 5 primer)
3 U Chamber 0.026 in,
= y Feak ballistic pressure 14, D00 psi
= 0
E;_ o Projectile passage diameter
= = Iin steel baffle 0. 38 in.
< é In old rubber baffles 0.25 in. (approx)
w In new rubber baffles X -slit
-
:: Free volume
v Around gun barrel 1,18 in. 3
et in front silencer portion 1.2 in. 3
o
L
Total weapon weight 1.7 1b
o
oy
o
.
=
-
Py
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; "E:hden eXamined, the rubber baffles of the sleeve gun herein
esr:.n td were already old so that passage through them wag ap-

Proximately 0O, 25 inch in diameter, When new !the rubber bafff

Probably completely closed off tha silencer ::a*.:il:;t.r, Therefore E:

record was also made with a n 1111
ew baffle containi '
through the center, "6 only an X-slit

- 32 sleeve gun with old baff] '
€3, The first small
sr:-:.md pl_-ﬂs?e:- on the trace (pt 1, Figure 33) Corresponded to the ti £
primer 1mitiation, This Pulse, med;
following it, was approximately 87 db peak SPL (unpublished data)
]

and was primarily due to firin ;
- 8 Pan fall., Gas leak
Cartrldge cCase sSecemed nﬂHllgible_ EI.BE A roundg thE

pulses immediateliy

The next significant sound pulse [pt 2)
stlencer muzzle, It

gh the bleed holes and findig 1

ng g their
way ahead of the projectile, The peak SPL of this Pulse was 118 db
the same as that for the caliber . 32 Welrod pistol, r

The blow-by oCcurring at the gun barrel muzzie lnside the s5i-

lencer foliowed the bleed hole blow-by by about 0, 25 m3, Thia pulse
lwas 114 db peak SPL. The Projectile exited approximately 0, 3 ms
ater. The efflux of Propellent gas Immediately following the pro-

Jectile resulted in a positive pulse (pt 4) of 126 db peak SPL, The

p-_:::sitive dound pulee 0.2 ms after pt 4 was due to reverberation in-
Bide the weapon,

. The_ sound Scope trace of the slesve gun with new rubber baffles
18 shown in Fipure 34, Ag can be seen,

' * _ practically all noise precedin
and following projectile exit was eliminated by the new baffles. Also :

the projectile noise was teduced to 120 dp peak SPL. In-general, the
sleeve gun with old baffles sounded like & somewhat loud Snap Fi.re-::[

with new baffles, it gounded Likewise Bnappy, but substantially quieter

Caliber . 32 Silenced Welrod Pistol

The caliber , 32 pistol

(Figures 35 and 36 and Table VIII) bears
close resemblance to

the @ mm Welrod pistol* developed in Britian

*See Figures 38 and 39,
58

270 ubars/em

y =

X = 015 mﬂf::m

1 major division

cfh =

i

Microphone: BEK 4135
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Ly = 87 db

D Primer Initiation

Lz = 118 db

é) Bleed Hole Blow-by Exit from Silencer

Ly = 114 db

_E) Gun Barrel Muzzle Blow-by Exit from Silencer

L, = 126 db

Sound Pressura-Time History, five meters to side, Caliber .32 Silenced Sleeve Gun

(5) Projectile Exit Ground Reflection
with 014 Rubber Baffles

@ Projactile Exit from 5ilencer

Figure 33,
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TABLE VIII. Caliber . 32 Silenced Welred Piatol

Projectile
Weight 17 gr
Diameter 0.315% in,
Velocity {(at silencer exit) 770 fps
Energy (at silencer exit) 102 ft=1b
Travel in barrel 3.9 in,
Travel time 1n barrel (estimated) 0,54 ms
Travel time in silencar 0.43 ms
— Propellant
B Weight (Norma, ACP, double base, wab ~ 0, 003 in,) 3pgr(+ 0.3 gr
= Primer)
= Chamber volume 0.026 in, 3
=
= Peak ballistic pressure 14, 000 pai
= Projectile passape diameter
J. 375 in,

In steel baffle

In old rubber baffle {when tested) 0. 25 i1n {approx)

I|I|‘||lil||||HJI”|||I;J|IrIH
3

Free volume
Around gun barrel 2.6 in 3
= in front silencer portion 2,5 in, 3
S 2.5 1b

Total pistol weight {unloaded)

1

rrlfl[lrln|||lr”4r||i

Figure 36, Caliber , 37 Silenced Welrod Pisto]
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during World War i[. Externally, the primary difference between the
two 15 that the caliber . 32 js somewhat smaller and does not hawve a
trigger puard. The Welrod pistol is one of the few weapons Epecif-
ically desipned to he "silent, ' It had heen provided with a suitable
silencer and a relatively quiet breech mechanism. Although its clip

{the pistol handle} holds e1ght rounds, the Pistol requires slow manuaj
reloading for each shos.

Internally, the caliber . 32 Welrod pistol consists of a metal tuhe
surrounding and extending beyond the Pistol barrel, The barrel has
a4 series of 20 holes {0.062 inch in diameter} drilled around its pe-
riphery. The holes are positioned in the five rifling grooves and

E ®Xpansion chamber. This chamber is SCp-
arated from the front Silencer section by a baffle which has 12 heles

{0. 062 inch in diameter), The s5ilencer section, extending beyond the
barrel muzzle, i

rubber baffles, The rubber

the metal baffles (Figure 35}, The projeciile passage diameter in the

Steel bafiles is 0. 375 inch. The passage diameter in the oid rubber
baffles, when tested, was approximately 0. 25 inch. when new, the

rubber baffles probably Compietely closed off the sllencer interior.

Figures 37 shows and identifies the various Eound

erated by firing the caliber - 32 Welrod pistol,
Pulses were due to pPrimer in

Piulses gen-
The main sound
1tiation (pt 1, Figure 37}, bleed hole
bluw-bj.r {pt 2}, and projectile exit (pt 3}. The high SP1, (~112 db)
and positive nature of the first spund pulse (pt ) ldentify it as that
caused by gas leakape around the cartridpe case,
{generated by the propellent
the barrel bleed holes) exite

The blow-by wave
Eas h}r—passing the projectile through
d approximately 0, 4 ms later. This

€NCEer approx-
imately 0, 3 s after the bleed hole blow by. From the SCope trace,

it is seen that this blow-by is aimost insignificant, The [ast and
largest sound Pulse, with its peak SPL, of 122 db, was due to the

gas discharge immediatel}r following the pProjectile exit, Following
this, there was g prolonged high frequency noise of about 104 db peak

In general the caliber . 32

Welrod sognd Signature could be de-
Bcribed as a sharp ENappy crack
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Ll = 112 db

Primer Initiation

T,

Lz = 118 db

Blow-by Exit (through Bleed Holes) from 5ilencer

2

Ly = 122 db

é) Projectile Exit from Silencer

4) Bleed Hole Blow-by Cround Reflection

Sound Preasure-Time History, five meters to side, Caliber .32 Silencad Welrod Pistol
o

Figure 37,



? mm Silenced Welrod Pistol

The 9 mm Welrod p;

. _ Pirstol, except for size ; . :

:;,mll?'l' Lo its caliber ., 32 Counterpaxrt_ Inl:erna}l;s Eli:irnall}r M (B !

Iy, orols are quite different (see Figures 35, 36, 38, 39 o o /
}» The 9 mm Weirod barre] Consists o ' 77y and Table

, its bI'-EECh El"i.'d. ThE 2un b-EI.I'I‘El - BEi—
bushing, forms an expansion c’h Dg::thefl'-  the he threaded front
4moer for the pases escapi
Plng thrnugh

the bleed holes, The f
. ront pertion of - :
the weapon®s silencer. [t ol the pistol barrel jis essentially -f__ _
of a threaded J

bushing. The inside of th

steel E:'I_}E.CEI'. The Passage through the
approximately 0,43 inch in diameter

d )

The projectile Passapge

L i '
new, however, the flexible baffles probably oletar, meter. hen
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Figure 40) n :
105 db, and ad a peak SPL, of : ;
noxt suuzz :115 due to Eas leakage around the cartridgug :iprnmma“ﬂ}' J(
Pulse {pt 2} was due to the precursor shock exiti:‘f iy
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the gun., The hi i
. Bh BPL of this pulse 13
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following the Projectile exit, This

the same as thag ot the precursor pulse

the silencer

Containing old baffles jis 5
~time trace of

Figure 41, Hera the maj
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TABLE IX. 9 mm Silenced Welrod Pistol

Prgje{:tile
Wweight 115 gr
Diameter 0,357 1in,
velocity {at silencer exit) 540 fps
106 ft-1b

Energy [at silencer exit)

= Trawvel at peak ballistic pressure (estirnated) 0.4 in,
il Travel in barrel 4, T in,
_: Trawvel time in gun barrel [estimated) 0.71 ms
;f Travel tfime in silencer D. 60 ms
= Propellant
X - Weight {M%, double base, flake, web ~ 0, 003 in.) 3 or {+ 0.3 gr
] - primer)
= i, Chamber volume 0.038 in. 3
- 3
- ke Ballistic pressure
S Peak 22,400 psi
: _ At first hole [estimated) 10, 600 psi
- & At gun barrel muzzle {estimated 200 psi
5
- Silencer
” Weipht [front portion) 0.63 1b
E Free volurme around gun barretl 2.3 in, 3
o~ Free volume in {ront portion 4,3 in, 3
g}: Projectile passange diameter
" Silencer spool D, 43 in,
= In old rubber baffles 0. 35 in, [approx)
E Through new rubber baiffles X -slit
Total pistol weight {with the silener) 3.5 1b
Time between precursor and projectile exits
0,91 ms

from silencer {estimated)
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Figure 40,

Primer Initiation

Pracursor Exit from Cun Barrel Muzzle

Projectile Exit Frowm Cun Barrel Muzzle

¥y = 450 ubars/cm
= 0.5 mg/em
L em = 1 major division

Microphona: B&K 4135

L, = 105 db

L1 = 131 db

Ly = 131 db

Sound Pregsura-Tima Bistory, five maters to fide, 9 mm Silenced Welrod Pistol (leas

Silencer Sectionm), Using Reduced Charge Round

ARG

i~
W

Figure 41,

Primer Initiation

Precursor Exit from Muzzla
Blow-by Exit from Muzzle

FProjectile Exit from Muzzlae

Sound Pressure-Time History, five meters to gide,
0ld Rubber Baffles, Using Reduced Charge Round

y = 90 ubars/cm
= 0.5 mas/cm
l em = 1 major division

Microphone: B&X 4135

L1 = 105 4b

111 db

k-
hJ
i

119 db

t
)
|

L; = 124 db

9 mm &ilenced Welrod Pistol with



[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 bypassinp the pPro-
jectile in the spool Spacer, constituted the second loudest sound
Source of the system. This blow-by 3cund pulse (pt 3) had a peak
SPL of approximately 119 db, The last and largest sound pulsse

(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 Welirod witk new rubber baliles, firing
a reduced Charge carfridee, is shown in Figure 42. As can be seen,
the primer noise was unaffected, but the precursor and blow-by
were practically eliminated by the new baffles. Also, the projectile
exit pulse was reduced to 120 db Peak SPL. Figure 43 shows the
trace of the silenced Welrod with new baffles,firing a standard 9 mm

NATOQ cartridge (silencer muzzie velocity ~ 930 fps), Here the peak
SPL: of the projectile exit was 125 db,

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

9 mm Silenced Sten Submachine Gun

The silenced Sten submachine guns {Figure 44} were firsy
developed and manufactured in Britain during World War 1. They
were successfully used by both the British Commandos and the guer -
rillas operating behind German lines. A few of the silenced Stens
eventually found their way into German handse but, contrary to strong
recommendations by some, the German High Command did not adopt

the Sten for general use,* More recently, silenced Stens were ra-
portedly used by Allied Lroops in Korea,

Basicall}r, the silenced Sten (designated Mark IIS) is a modified
version of a standard unsilenced Sten submachine gun, The mod-

ification consisted essentially of reducing the bol: welght, shortening

%
However, see Appendix E.

y = 195 pbars/em

x = 1 mg/onm
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Microphone: B&K 4135

Ly = 105 db

@ Primer Initiacion

(2) Projectile Exit

@ Ground Reflection

five meters to side, 9 mm Silenced Welrad Pistol with

Sound Pressure-Time History,

Figure 42,

New Rubber Baffles, Using Reduced Charge Round
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1) Primer Initiation
@) Projectile Exit

@ Ground Reflection

Filgure 43, Sound Pressure-Time Hiatory, five

Rubber Baffles, Using Standard

y = 195 tbars/em
X=1ms/co
l em - 1 major division

Microphone: B&K 4135

Li = 105 db

L, =125 db

meters to side, 9 mm
NATO Round (Projactile

Silenced Walrod Pistol with Naw
Muzzle Veloecity, 930 fps)

Figure 44, 9 mm 3Silenced Sten Subrnachine Gun, Showing Type I and Type II

Silehiced Barrels



the bolt apring, and Substituting the replaceable barrel with a si-

lenced one, Since the new barrel reduced pProjectile velocity below
the speed of sound, the bolt modifications wWere necessary to insure
PTOpPer weapon operation and to maintain the rate of fire at standard

450 rpm. Some modified weapons reportedly had their breech in-
sulated with acoustical material, this tp 2ttenuate

cbanical noise {Figure 453). Many versions of the silenced Sten barrel

are known {o have been developed. Two types, both Similar, were
tested at Frankford Arsenal

Silenced Sten Barrel, Type I

The Type I silenced Sten barrel {Figure 46) consists es-
barrel and a
Surrounding silencing tube which extends beyond the gun barrel muz.-
zle., The gun barrel has six holes (3. 11 inch in diameter) located
0,72 inch from the initia] Projectile bhase position, and opening into
the expansion chamber Surrounding the gun barrel, The early bleed-

metal baffles, The first and last baffles (0, 25 inch thick) consist of
Stacked wire screen discs. The passage through the baffles provides
the projectile with a diametral clearance of 0,040 inch, Outside, the
silenced barrel is partially covered by asbestos ro
and canvas cover to Protect the hands from the tube which becomes
excessively hot with automatic firing. The overal} 51lenced barrel is
13 inches long and |, Sinchesin diameter, By comparison, the stan-
dard unsilenced Sten barre] is only & inches long. Some of the more
s1gnificant physical and functinnal parameters of the silenced Sten
with the Type I barrel] are listed in Table X,

generated prolonged noise of about 100 db peak SPL, lastinpg a few
milliseconds (Figure 45}, To avoid the overshadowing effects of
mechanical noi s€, the Frankford Arsena] sound tests were conducted
with the silenced Sten barrels held and fired in 2 Special, relatively
quiet, single shot test fixture {Figures 47 and 43},
neise of the fixture is relatively iow, the recorded

SCoDpe traces es-
senfially contain only the system muzzie noise,

76

Pe, electrical tape,

of the weapon's various components

Since the mechanical

21.5 wbars/em

0.5 ms/cm

L major division

cm =

o
Ty
—
d
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o
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CL.
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g
)
]
b3

Ly s 93 db
{LZ = 101 db (maximum)

(D Forwvard Bolt Slap (no Cartridge)

Ly = 95 db (average)

@ Mechanical Noise Following Bolt S5tap

de, 9 mm Silenced Sten Submachine

[
1

Sound Pressure-Time History, five maters to s

Gun Bolt Slap, without Cartridge

hure 45,
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Figure 46. Cross section, 9 mm Silenced Sten Submachine Gun Barrel (Type [)

TABLE X.

projectile
Weight
Diameler
Vvelocity [at silencer exit)

Energy [(at silencer exit)

Travel at peak ballistic pressure {(eatimated)
Travel in barrel

Travel time in barrel {estimated)

Travel time in silencer

Propellant
Weight{WCC-6102, doublebase, web~0, 003 in, )

Chamber volume

Ballistic pressure

Peak
At barrel muzzle [estimated)

Silencer Characteristics
Passage diameter (for projectile)
Free volume in front silencer portion
Free volume arcund gun barrel

Silenced barrel
Weipght
Lenght
Diameter

Standard Sten gun barrel length

Total weight of silenced Sten submachine gun
{without magazine)

Time between precursor and projectile exits
from silencer [estimated)

79

9 mm Silenced Sten Submachine Gun, Type I Barrel

115 gr
0, 356 in.
1000 fps
258 ft-1b
0, 3 in,
4_ 25 in,
0,42 ms
0.71 ms

bgr(+0,.3gr
primer)
0.038 in3

31,000 psi
250 psi

0, 50 in,
11.0 in, 5
4 4 in, 3

2.25 lb
13 1in,
1.5 1in.,

bin,

7.7 1ib

D,.32ms
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Figure 47, Assembly, 9 mm Silenced Sten Subrachine Gun Barrel (Type I) in

Test Fixture
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Disassembly, 9 mm Silenced Sten Submachine Gun Barrel (Type I)
and Test Fixture



harrel,fired with

o _ . gure 43, Time corre.
tion of the trace with the various functional effects occurring in the

Bystemn d1:'ll'il.'1g firing indicated that the five principal noise sources
WEIe! Pprimer initiation (pt 1, Figure 49}, precursor wave exit [pt 2)
P

blrtnw-by exit (pt 3}, projectile exit {pt 4), and reverberation and jet
nolses after projectile axit (pt 5). ’

the f1rmg*pin hit the primer, The high frequency long duration d
low amplitude indicate that it was Primarily mechanical in natu; -
:I‘he pPeak SPL of this noige five meters from the system was a r?
imately 93-::11::. The precursor wave formed in the gun barre] Eil:itez-

ately one ms after the firing pin bottomed,
» although not very distinct, seems to have

- The blow-by wave caused by pas
by-p&ssmg and the projectile in the silencer, exit;d 0. 3ms lztir -

i:e 5{111:.:'1::1 l?ulse {Ipt 3) due to this blow-by had a peak SPL of 104 db
. € pProjectile exited approximately 0, 4 ms after the blow-by wave *
he efflux of gases following the pProjectile exit was fairly mild |

s_ince the event was barely di stinguishable from
tical effects {such asg reverberat

this time, The noise generated

_ the secondary acous-
lons and turbulence) occurring at

during this event seems to have
ollowing the Projectile exit, there
ged noise penerated by the reverber-

he jet turbulence, The Bequence and
pulses of

wa s a relatively random prolan
ations inside the silencer and t

magnitude of t ] ]
g he various sound this noige are inconsistent,

varying from round to round, In general, for 4ny one given round

the maximum and ave ra ]
B¢ peak SPLs of this - : o
©f 112 db and 104 db, respectively. WOrEe are in the vicinity

Althouph the silenced Sten b i
| arrel is somewhat bulk 1
general it compensates for this by very pood acoustical perfnrni;n:e

and ] 1 3 i
nd long serv_:c*e'hfe. To a subjective listener, the systemn sounded
25 an abrupt initiation and gradual ces '

Compared to other Silencers and silen

energy outputs, the Sten wasg one of th :
Frankford Arsenal ¢ duieter systeme tested at

Silenced Sten Barre], TIEE IT

Externally

the Type I and T ;
are almost identical, : T ¥Pe I silenced Sten barrels

The two barrels are also similar in Principle;
F

B2

78 ubars/cm
X = 0.5 ms/cm
94 db

Y =

=
L&
|
L
-
-
i
v
H
4
H]
pef
L
E
o
i

Mierophone: B&K 4135
Ly =~ 93 db
Ly = 104 db
L, = 106 db
Lg = 112 db (maximum)
{L5 = 104 db (average)

Lp =

ixture

Sound Pressure-Time History, five meters to side, 9 mm Silencad Sten Submachine

Gun Barrel (Type 1)}, in Test F

(5) Propellent Gas Discharge Turbulance and
Reverberations within Silencer

@ Precursor Exit from Silencer
(&) Projectile Exit from Silencer
@ Blow-by Ground Reflection

(3) Blow-by Exit from Silencer

@ Primay Initiation

Figure 49,



however, each contains a slightly different set of internal components

(Figures 46 and 50 and Tables X and XI}), The TypeIi is distinguishablE

Primarily in that its gun barrel is slightly shorter and contains two
sets of bleed holes; its metal baffles (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

baffles had been modified Previously,
sumably for experimental purposes.
be little apparent reason for this modification; if apything, it made

the system slightly louder, Originally, acoustical performance of
the two barrel types was probably very similar,

&8 shown in Figure 50, pre-
Acoustically there seems to

| Figure 51 shows and identifies the sound constituents of
th-e silenced Type II Sten barrel,fired with the test action shown in
Figure 48. The trace was recorded five meters directly to the side
of the ﬁreapun. The first distinct noise recognizable on the trace
{Ii't i,‘F:Lgure 51) was a sound generated approximately when the firin
pin hit the primer. Thiaseries of pulses, with its relatively low peaf;
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-b '
through the gun barrei bleed holes. ’ v omTe

The next sound pulse {pt 3) corresponded to the time when
gun barrel muzzle blow-by exited the silencer. This sound pulse
had a peak SPL of 104 db, Thae next, and highest, sound pulse (pt 4)
was generated by the exit of propellent gas which bypassed the pro-
Jectile through the modified front baffles, Exit of this blow-by wave
gave rise to a pulse of 113 peak SPL, The

* projectile exited a -
imately 0,01 ms later, ' e

The initial efflux of gases following the projectile exit
re_sulted in a2 positive pulse (pt 5) of 104 db peak SPL., Following
this, the steadily discharging pas gave rise to turbulence which
combined with reverberations within the silencer, generated a I;ru-

longed noise {pt ) of approximately 100 db peak SPL., Characteris.

tically, this noise was of random nature, varying frem round to
round,

o To a subjective listener, the Type Il Sten sounded like
a4 clap-initiated, gradually diminishing hiss,
somewhat louder than the Type I Sten,

In general, it seemed
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TABLE XI. 9 mm Silenced Sten Submachine Gun, Type II Barrel

Projectile
Weipht 115 gr g 5
Diameter ] 2.
0. 35& in, "
Velocity (at silencer exit) 1000 fps L3
Energy (at silencer exit) 258 ft-1b "‘E‘ B ° 3
Travel at peak ballistic preasure (estimated) 0.3 in. ooy o
Trawvel in barrel 2.1 in 'g. T3
Travel time in barrel {estimated) 0.3 ms Mmoo F E
Travel time in silencer 0.9]1 ms PO
. -
Propellant S E
Weight (WCC-5102, double base, web ~. 0, 003 in, ) bgri{+ 0.3 ¢gr - =
ri
Chamber volume 0 'D33Pin H:;Eﬂ
Ballistic pressure
FPeak 31,000 psi
At barrel muzzle {estimated) 400 psi
Silencer Characteristics
Passage diameter (for projectile) 0. 50 in,
Passage diameter in old felt baffles {when tested) 0. 3 in,
Free volume around gun barrel 2.7 in, 3
Free volume in front silencer portion 13,0 in, 3
Silenced barrel
Weight Z.5 1b
Length 13.5 in,
Diameter 1.5 in
Standard Sten gun barrel length bin
Silenced submachine gun weight (without magazine) 7.9 1b
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99 db (average)

93 db

Lg = 105 db (maximum)

Lp = 101 db
Ly = 104 db
L, = 113 db
Ls = 104 db

I =
Lg =

{

Sound Pressure~Time History, five meters to side, 9 mm Silencad Sten Submachine

Guth Barrel (Type 1T), in Test Fixture

Ravarberations within Silencer

Primer Initistion

(:) Blow-by {through froat cut-away baffles) Exit
from Silencer

@ Blow-by {(through Bleed Holes) Exit from 5ilencer
@ Blow-by (at gun barrel mugzle) Exit from Silancer

@ Propellent Gas Discharge Turbulatnce and
@ Bleed Hole Blow-by Ground Reflection

@ Projectile Exit from Silencer

®

Figure 51,



9 mm P38 Walther Pistol/AAI Silencer

The 3 mm AAI experimental silencer {Figures 52 and 53 ang
Table XII) was manufactured by Aircraft Armaments, Inc, about
the same timme as the caliber . 22 silenced AAI test fixture {3ee
page Z1}). This silencer is adaptable to a P3B Walther pistol by re-
moving the front sight and Securing the silencer to the barrel muz-
zle with an adaptor sleeve, Although it is rather bulky and acous-

tically not toco impressive, its data are deemed useful for comparison
with other silencers and silencing fixtures.

The 9 mm AAI silencer is essentially a sirmpie, haffled, expansiaon
chamber, 5 inches long and 2,5 inches in diameter. The steel sllencer
housing holds eight baffles and nine spacers, all aluminum. Sewven of
the equal chambers formed by the baffles contain loosely packed steel

wool, remowval of which does not seern to affect the systermn acoustically.

There is a2 rubber diaphragm with an X-slit at the silencer muzzie,
presumably to Testrict gas flow, At Frankford Arsenal this diaphragm
required frequent replacement as it wasg easily destroyed by the ex-
iting projectile, Later it was found that the diaphragm had little
acoustical effect even when new, probably because it was too thin.

The cutstanding features of the AAI gilencer are its very larpe
volume {19 in, 3) and the surprieingly large projectile clearances [a
0. 5 inch diameter passage for a 0. 35 inch diameter projectile}, The

following sound data are from the firings made with a special subsonic
cartridge {3ee Tabile XII).

Figure 54 shows the scund pressure-time history ofthe @ mm P38
pistol without the silencer, recorded 10 meters to the side of the
weapon. The first sound pulse (pt i, Figure 54) was due to the pre-
cursor exit from the gun muzzle, This pulse had a peak SPL of 127 db
The projectile exited the gun muzzie approximately 0. 4 ms after the
precursor, The accompanying propeilent gas discharge pave rise to
a sound pulse (pt 2} of 139 db peak SPI.. The posgitive pulse {pt 3) is
a ground reflection of the blast preszure 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 pProjec!ile exit{pt4), The first significant

noise during firing was that due to g3 leakage around the cartridge
case, The peak SPL of this noise w. : approximately 99db, The next
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TABLE XIi, 3 mm P38 Walther Pistol/AAIL Silencer

Projectile
Welght
Diameter
Velocity { at silencer exit)
Enerpgy { at silencer exit)
Travel at peak ballistic pressure {estimated)
Travel in barretl
I'ravel time in barrel
Trawvel time in silencer

Propellant
Weight (M9, double base, flake, web . 0,003 in.)

Illlr|||1l,

Chamber volume

-irI[|||i:'|1|||

Ballistic pressure

Peak
At barrel muzzle

3

Silencer
Passage diameter [for projectile)

Weight
Free volume

I||‘I|r“l|‘||HIII|I]||I

|
2

Pistol weight {without silencer)

|'|”'“f”'i'|]
d
9 mm P38 Walther Pistol/AAl Silencer

!

Time between precurscr and projectile exits
from silencer

I-|-|*|!i'I't'l*[lHI"f'f'f'l' !

Figure 53,
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90

115 gr
0, 356 in,

325 ips

220 ft-1b

0.4 in,

4, 3% in.

D, 46 ms {approx}
0,43 ms

3gr(+0.3gr
pPrimer)
0.038 in, 3

22,400 psi
1,B00 psi

0, 50 in,
3 ib.
19 in, 3

2.1 1b

0. 43 ms
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Y = 450 ubarsg/cm
®* = 0,5 ms/cm
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| R L cn - 1 major division
TV
- A B Microphone: Altec BR 1506

Precursor Exit from Muzzle Ly = 127 &
Projectila Exit from Muzzla Ly = 139 db

Frojectile Exit Cround Reflection

5%, Sound Pressure-Time History, ten meter
. 8 to aide, 9 mm P38 wWalther
Sillencar, Using Subsoniec Cartridge ’ Fietol wichout

y = 90 ubars/cm
X = 0,5 ma/cm
lcom =1 major division

Microphone: Altec BR 150

@ Frimer Initiation L] = 9% db
(%) Frecursor Exit from Silencer Ly = 105 db
(E} Gun Barrel Muzzle Blow-by Exit from Silencer L3y = 120 db
@ Projectile Exit from Silencer Ly = 105 db
iéj Blow-by Ground Reflection

Figure 55.

Sound Pressure-Time History, ten meters to side, 9 mm P38 Walther Pistol/AAI Silencer,
Usling Subsonic Cartridge



Sound pulse (pt 2} was generated when the precurser exited from the
stlencer, [ts Peak SPL was 105 db, The blow-by wave Eenerated 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 Frojectile exited about 0, 2 ms after the

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

by the projectile since the event is not discernable on the SCOpe trace,
This, of course, was to be expected with tha large blow-by clearances

and volume, Tp a subjective listener, the Bystem sounded unqueston-
ably loud.

developed in West Germany sometime after 1963, when the 9 mm MPK
submachine gun itself Wwas introduced, Although somewhat bulky and
internally elaborate, it jg ruggedl}*cnnstructed, well finished, and
readily adaptable to a Standard MPK weapon, The construction of the

29 an experimental model-shop item,

as8s8ortment of Eeometrically Cornplex {ubes, vanes, and cones. Except
for two steel end Pieces and the Steel turbine-like vanes, the sjlencer
18 made entirely of aluminum, Beginning at the rear, the silencer

All Frankford Arsenal sound tests on the MPK wWere made
with special rounds loaded for subsonjc velocities {Table XIII), The
Sound history of the MPK without the 8llencer is shown in Figure 59

The Weapon's main noise, like that of most other unsilenced Systems,
was due to the PTecursor wave and the Projectile exit blast. The two
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TABLE XIII, 9 mm MPK Walther Submachine CGun/German Silencer

Projectile )
Weipght 115 gr =
Diameter D, 356 in. =
Velocity [at silencer exit) 1000 fps ﬁ 'E E
Energy {at silencer exit) 255 ft-1b w 5 2 ¥
Travel at peak ballistic pressure (estimated) 0.4 1in, 3 = u 9
Travel in barrel 6. 32 in, 1 4 =
Travel time in barrel {estimated) 0,62 ms a 0 g ;::;
Travel time in silencer 0.79 ms=s = o = 2
I I I ’E.
Propeilant ~ * & B
Weight (M9, double base, flake, web ~ 0, DD3 in, ) 3gr{+ 0.3 gr ~ E
primer)
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,
| and 0. 55 in,
Weight 1,5 1b {approx)
Free volume 15,0 in, 3
Unsilenced submachine gun weight {without magazine) 6.2 1b,

Time between precursor and projectils exits from
silencer {estimated) 0.69 ms

98 99

L1 = 131 db
Lz = 140 db

Sound FPressure-Time History, five meters to side, 9 mn MPK Walther Submachine Gun

without 5ilancer, Using Subgonic Cartridge

@ Frojectile Exit from Barrel
@ Precursor Ground Reflection

(1) Precursor Exit from Barrel

Flgure 59.



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
congequent vibration of the weapon's mechanical componenls, The
gound {race of the weapon, fired dry, without a cartridge, is shown i
in Figure 60, The pezk SPL of the MPK's mechanical Nol1SE wWas
approximately 106 db five meters from the weapon,

The scund history of the silenced MPK, firing a subsonic car-
tridge,is shown in Figure 1. The System's first significant sound
(pt 1, Figure B1) corresponded to the time of Primer initiation. The
first positive pulse of this sound {approximately 104 db), five meters
from the weapon, was due to the forward slap of the bolt against
the pun breech, Approximately 0. 2 mg after the bolt bottomed, there
WaB a second positive pulse of 114 db peak SPL due to rearward gas
leakage arcund the cartridge case, Following primer initiation came
the first noise emitted from the silencer muzzle. This was a pulse
{pt 2) of 108 db peak SPL due to the exiting of the Precursor wave
generated in gun barrel. The blow-by oCcurring in the silencer ex.
ited from the muszzle approximately 0.4 ms later, This gave riss to
2 positive pulse (pt 3) of 116 db peak SPL.. The projectile exited
about 0,4 ms later. This generated the system's larpest pulse - |18
db peak SPI,, Following this there was a Series of smaller random
sound pulses due to reververations ingide the sllencer,

y = 208 ybars/cm
x= 0.5 mg/em

8
:
B
:
1
;

Microphone: B&K 4135

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 maost 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 SysStems, the silenced MPK sounded
Somewhat louder than the 9 mm Stens and quieter than the caliber - 32
and 9 mm Welrods, Cha litatively, the MPK sound Bignature could

be described as 3 Semewhat muffied clap, immediately followed by
a4 dimirishing hiss,

Caliber . 45 Silenced M3 Submachine Gun {Figure 63)

Bell Labu_;'_gturies Silenced Barrel

During World War 11, Bell Laboratories inve stigated si=-
lencing of various weapons, including the caliber .45 M3 submachine gun.

100 101

L1 = 106 db

Lo = 106 db
side, Bolt Slap, 9 mm MPK Walther

without Cartridge

Sound Pressure-Time History, five meters to

Submachine Gun/West German 5ilencer,

@ Forward Bolt Slap (no Cartridge)
@ Mechanical Hoise Following Bolt Slap
@ Bolt Slap CGround Raflection

Figure &0,
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FigurE 62-

Primer Initiation
FPrecursor Exit Ffrom S5ilencey
Blow-by Exit from Silencar

Frojectile Exit from Silencer

Sound Fresgsure-Tima History,

Primer Initiation Ground Raflection

five metars to glde,

Wast Garman Silencer, Using Subsonic Cartridye

Primar Initiation

Precursor Exit from Silencay
Blow-by Exit from Silencar
Projectlile Exit from Silencer

Blow-by Ground Reflection

y = 83 pbars/em

x = 0.5 ma/cm

l em = 1 major divigion

Microphone: B&K 4135

L1 a 114 db

108 db

-
ha
]

Ly = 116 db
Ly = 118 ab

9 mm MPK Walther Submachine Gun/

y = 210 pybars/cm
¥ % 0,5 ma/cm
l ctn = 1 major division

Microphona: B&K 4135

Li =« 95 db
L2 = 107 db
L3 = 116 db
L4 = 118 db

Sound Pressura-Time History, five meters to side, 9 mm MPK Walther Submachine Gun/
West German S5ilencer, Using Subsonic Cartridge and with Weaspon &and Silencer Wrapped

with Attenuating Material



A gilenced M3 barrel {Figures 64, 65 and 66, and Tabje XIV} was
designed and presented to the Infantry Board for evaluation, Conclu-
sions from the tesis were that the silenced M3 was quiet, but sti}1
detectable at close ranges. A thousand silenced barrels were re
pnrtedly built and supplied for use by the Office of Strategic Services

{O55).

The Bell Laboratories silenced barrel consists essentially
of a drilled gun barrel and a silencing chamber surrounding and ex-
tending beyond the gun barrel muzzle, Along its length, the pun barrel
has 48 holes {0, 25 inch diameter} which are positioned in four straight
rows, During fiting, some of the gases are bled off through the
holes, with a consequent reduction in the ballistic pas pressure and

the projectile muzzle velocity,

|l]t|l|ll1 I'jN '|I|_Irl

Ll

!

The silencing chamber is composed of two sleeves of
different lengths and diameters, connected by means of a reducing
bushing. The rear sleeve encloses a roll of wire mesh which sur-
rounds the drilled gun barrel; the forward sleeve, which extends
beycnd the gun barrel muzzle, contzins 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
Bun, it was found more realistic to evaluate the silenced M3 barrel

without the overshadowing mechanical noise. Conseguently, the

sound results described herein were obtained with the silenced bar-
. Tel held in a special single shot test fixture, * The following sound

records were recorded by an Ampex 351 tape recorder before being

transferred to the oscilloscope and the camera film,

Figure 67 shows a scope trace of the sound pressure-time
history of a standard caliber . 45 M3 barrel {7.5 inches long} fired
with a test fixture, The trace was recorded ten meters to the side of
the weapon. The two prominent sound pulses on the trace were dus
to exiting of the precursor wave (pt 1, Figure 67} and the gas dis-
Charge following the projectile exit (pt 2). The two pulses were,
Tespectively, 115 and 130 db peak SPL.

Figure 63. Caliber , 45 M3 Submachine Gun

Sound signature of the Bell Laboratories silenced barrel
and test fixture is shown in Figure 68. The main sound pulses were:

*See Figures Ti and 72
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TABLE XIV, Caliber . 45 M3 Submachine Gun/Bell Laboratories
Silenced Barrel

= Projectile
E Weight 235 gr
o Diameter 0. 450 in,
E Velocity (at silencer ext) 768 fps
0 Energy {at silencer exit) 310 ft-ib
er Travel at peak ballistic pressure [estirmated) 0,22 in,
b Travel in barrel 7.4 in,
T Travel time in barrel [estimated) 0.95 ms
g Travel time in silencer 0.69 ms
e
I':'_T._]I Propellant
2 Weight {HPC1, double base, flake, web™~ D, 003 in, ) S5gr{+ 0.4 gr
e primer})
E Chamber volume D. 061 in, 3
5
_E Ballistic pressure
" Peak 20, 000 psi
— At gun barrel muzzle (estimated) 200 psi
=
) - Silencer
- RN, i - Passage diameter {for projectile) 0,50 in,
“‘FL}H =' ’ b Free volume around gun barrel 7.2 in.3
ﬁ“}‘ﬁ A Free volume in front portion 2.5 in, 3
i _ "o Yolume, rolled wire mesh {brass) 2.9 in, >
L VYolume, stacked wire mesh diacs (brass) 2.8 1in, 3
-
a Silenced barrel
B kb Wi
Y eight 2,63 1b
" Total length 14, 2 in,
:
O 0 Standard M3 barrel
_ Weipht 1.25 1b
o Length 7.9 in.
L
ti Standard M3 submachine gun weight {without magazine) 8.1 Ib
=,

108 ' 109
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AT 1

y « 230 ubars/om
X = 0,5 ms/em
1l em =1 major division

Microphone: Altac Br 150
Tapa Recordar: Ampex 351

1 Precursor Exie from Muzzle Ly = 115 4
1

& Projactile Exit from Muzzle L 130 db
2 =

3 CGround Reflection

Figure 67, Sound Pregsure-T
’ ~lime Histo ten t
(standard, 7.5 intches luﬁ;f’in Te:t.;f:tsseﬂidal calibex .45 Submachine Gun Berrel

y = 23 uhars/em
¥ = 0,5 mg/om
Loem - 1 major divielon

Microphone: Altec BR 150
Tape Recorder: Ampex 351

{jj Primey Initiacion L] = 93 db
'2) Bleed Hole Blow-by Exit from Silencer Ly = 107 db
55} Blow-by {at Gun Barrel Muzzle) Exit from Silencer Ly = 101 db
4} Projectile Exit from Silencer Ly = 107 db

Bleed Hole Blow-by Ground Raflection

Figure 68, Sound Pressure-Time History, 4.6 meters to glde, Caliber .45 Bell Laboratories
Silenced M3 Submachine Gun Barrel in Teat Fixture



p:;n;zr initiatiun (pt 1, Figure 68), bleed hole blow-by exit {pt 2}
Eleed l:'rle ;nuzzle blow-by exit (pt 3}, and projectile exit (pt 4), ‘Thg
- n;: I-DW-b?' {pt 2) and the gas discharge following projectile
- (Pth ]d-r:m;stltuted the main noise sources of the systermn. Both
€3 had a 107 db peak SPL., The .
. . gun barrel muzzle blow- -
suited in a sound pulse (pt 3) of 101 db peak SPL,. oWy Te

o Although the Bell Laboratories silenced barr 1
projeciile velocity of the standard M3 submachine 1§ y
770 ips, the Projectile muzzle energy still 8 vesperiann,
310 it-1b. This is only elightly less than

ristol and 50 ft-lb more than
Sten gun,

remained a respectahle
the energy of a caliber . 45
the energy of the tested T mmm silenced

Ho 1
thew;m;er, ea.-r:h weapon had its own characteristic sound signature -
» @ mild clap; the Sten, a distinct hiss, A disadvantage of

the M3 is that the wir '
e [ L ]
et mesh requires periodic cleaning and replace-

AMF Silenced Barrel

The AMF silenced M3 barrel (Fi
Tabler}{"ﬁr’"} 18 an experimental item manufact
American Machine and Foundry Company
long gun barrel and » 1. 25 in. diameter s
and extends 9 inches beyond the gun barr
rounding the gun barrel is not utilized,

for ]
Dutriﬁs tlhe T:te-nil:ﬂ silencer. This front section iz filled through
©ngih with closely stacked wire ] )
_ ! o mesh discs, ge
tfn: J;irregularly positioned rubber discs. In the silenc:;;?:d r?
' re
ruhlfera;iz‘cr:nkfnrd Arsenal, the projectile Passage through the
Was approximately 0.5 inch in d;
A | i . 1n diarmeter, Ori inali
in:::;::sc*'sriruhably partiaily or completely closed off the siglenc:;;
. e gun barrel of the AMFE Sysiem 15 £ inches shorter tha
Tl

that of a standard M3
' €apon. This, howe i
slight reduction in Projectile velucit;r YTy Tesults In only =

gures 69 through 72 and
ured in the 1960's by
(AMEF}. It utilizes a 5. & in,
lleacing tube which Surrounds
el. Whereasthe Space syur-
the front portion of the tube

_ | The AMF silenced b
withr 2 single shot fixture,
shows the BCope trace of th

ar.rel was tested at Frankford Ar senal
shown in Fipures 7] ang 72. Figure 73
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Figure 70, Caliber

Figure 71.

- 45 M3 Submachine Cun/AMF Silenced Barrel
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Assembly, Caliber ,45 AMF Silenced M3 Submachine Gun Barrel
and Test Fixture
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.45 AMYF Silenced M3 submachine GQun Barrel

Disassembly, Caliber
and Test Fixture

Figure 72,

TABLE XV. CGCaliber .45 M3 Submachine Gunfamp

Silenceda Barrel

Projectile
Weight
Diameter
Velocity (at silencer exit)

Energy {at silencer exit)

Travel at peak ballistic pressure
Travel in barrel

Travel time in barrel

Travel time in silencer

Propeliant
Weight (HPC1, double base, flake, web ~ D, 003 in.)

Chamber volume

Ballistic pressure
Peak
At barrel muzzle

Silencer
Projectile passage diameter in wire mesh discs

Projectile passage diameter in old
rubber discs
Free volurne (fornt of barrel)

Free volume arcund barrel {unused)
Yolume, stacked brass wire mesh and rubber discs

Silenced barrel
Weight
Length

Standard M3 barrel
Weight
Length

Standard M3 submachine gun weight
[without magazine)

Time between precursor and projectile exits
from silencer [estimated)

117

¢35 gr
0,45 in_
310 fps
435 ft-1b
.22 in,
5.5 in,
0,85 ms
0.83 ms

3gr{+0,4gr
primer)
0.061 in, 2

20,000 psai
1,600 psi

0. 50 in.

0. 50 in,

4,9 in, 3

2.9 in. 3
4,5 in, 3

2.5 1b
15.1 in,

1.25 1b
B.0 in.

B.11b

D, 5b ms



Y » 230 gybara/om
X =0.,5 ms/cm
lem* 1 major division

Microphone: Altec BR 150
Tape Recorder: Ampex 351
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Ll = 113 db

’:D Frecursor Exit from Muzzle

Lp = 130 db

(2} Projectile Exit from Muzzle

@ Projectile Exit Ground Reflection

Caliber .45 M3 Submachine Gun Barrel

tén meters to side,
cer, in Test Fixture

-Tima History,

(5.6 1n, long), without Silen

Sound Pressura

Fi gFul'é 73 "

long EUR barrel without a silencer. The trace was recorded tan
meters to the side of the weapon, The two prominent sound pulses
»a the trace were due 16 precursor wave exit (pt 1, Figure 73) and
gas discharge following the projectile exit (pt 2}). The corresponding
peak SPL's of the two pulses were 113 db and 130 db.

Sound pressure-time history of the AMF silenced M3
parrel (with old rubber baffies) is shown in Figure 74, The first
pound recorded upon firing the system was generated at the time of
primer initiation, The low peak SPL (~93 db) of thie 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 in a peak SPL of 127 db. Projectile exited from the silencer
approximately 0,565 ms later, giving rise to the positive pulse (pt 3)
of 121 db peak SPL,

In general, firing of the AMF silenced barrel was char-
acterized by a relatively sharp crack, perhaps only slightly quieter
than that of a standard caliber .22 Short pistol. Better acoustical
results would possibly have been realized if the rubber discs were
new, However, the system's loudness would probably still be limited
by noise due to abrupt emergence of the massive projectile., {See data

on 9 mm Welrod,?

CONCLUSIONS

The more important physical, functional, and acoustical data
of the tested silenced and unsilenced weapons are tabulated in Table
XVI. The peak SPL's of the various pulses in this table were taken
from the preceding sound acope traces. In cases where the sound
S8COope 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
@1 the time of projectile exit, there were some weapons (such as the
Caliber . 22 Frankford Arsenal gilencer, caliber , 30 carbine, etc.)
Which gnerated the largest pulse because of blow-by. Some weapons

119
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0.5 ma/om
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(with gun barrel bleed holes) generated a large sound pulse due to
bleed hole blow-by, In all weapons except the cajiiber .45 Bell Lab-
cratories 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 mmm MPK (114 db],

The caliber . 32 sleeve gun had the lowest initiation pulse with a peak
SPL of only BT 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 metars were found to differ
by asmuchas 18 db. Thig is a 4-db greater attenuation than would be
expected from a simple spherical expansion. 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 clearly such pulses as precursor, blow-by,
etc.

The above effects can be attributed Lo the fact that high sound
presaures propagate at a slightly faster velocity than lower sound
pressures.* Although the phenomenon may bear little sipnificance
in general acoustics, in Frankford Arsenal tests it was found suffi-
Clent to induce a slow, but noticeable, change in the shape of the
Various major pulses toward that of a balanced N-wave,

Throughout the sound tests, efforts were made to note how each
weapon sounded to a listener, partic ulariy in terms of quality and re-
lative loudness. These impressions were later compared with the
corresponding sound scope traces, Although, at most, only several
listeners were involved, the consensus is nevertheless interesting,
Almost invariably sound signatures with one or several! shock pulses

- — —

*See Appendix C
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sounded sharp and snappy; the signatures cozntaining a large number
of pulses or simply more "hash" also sounded snappy, but less
sharp, more prolenged, mere muffled, and more random inp quality,
Sound signatures which were predominatly "hash" {such as those of
the Sten, Maxim, and carbine) sounded like an abrupt initiation of a
hiss {or hish), All sound sipnatures containing distinct and recog -

nizable shocks seemed more piercing.

Although the quality of each sound signature was definitely rec-
ognizable, the primary factor determining the relative loudness was
found to be the signal's peak SPL.* Whether by coincidence or da Bign,
the weapons with higher peak SPL: almost invariably sounded louder
and riiore 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 congider
the faster attenuation of short pulses with distance,

Compiled experimental sound data indicate that the better si-
lenced systems registered a peak SPL of approximately 110 db five
meters from the weapon. In most weapons, ‘he main sound source
was the abrupt discharge of propellent gas. In some weapons {those
with flexible baffles) the noise due to pas discharge was relatively low;
however, the abrupt projectile emergence at the muzzle generated a
noise just 25 undesirable. The precursor wave of an unsilenced
weapon generated a peak SPL in the vicinity of 120 db. Most of the
stralght-through silenced weapons tested attenuated the precursor
down to about 90 db, The mechanical noise was found to depend on
system design, In some of the quieter weapons, mechanical noise was

in the vicinity of 90 db,

Evaluation of the compiled experimental and theoretical data
indicates that a silenced system quieter than the weapons tested at
Frankford Arsenal is feasible, However, a system with noise level
below 90 db at five meters will most likely evolve gradually and only
with a2 fuller understanding of the noise-penerating mechanisms.

RECOMMENDATIONS

1. Conduct analytical design of an optimum silenced small arms
Weapon based on experimental and analytical data generated to date.

[ —

*See Appendix F 12



2 Continue analytical = 1
. tudy of noise-generating apg '
mechanisms in small arm weapons, : Hienuating

| 3._ lﬂc_c:ustical evaluation of small arm weapong should be based
on identification and inte rpretation of individual

termined from osCilloscope traces of

Peak sound pressure level should be
significance,

noise sources de-
the overall weapon sound history,
established as a factor of pPrimary
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APPENDIX A
BALIISTIC CRACK FIELD

When a supersonic projectile exits an unsilenced gun barrel,
the uncorked propellent pases generate a spherically expanding blast
wave, The wave initially bypasses the projectile; however, dissipating
rapidly, it slows downto almost sonic velocity and is overtaken by
the projectile within a matter of a few feet from the muzzle, Later,
in the free far field, the initial projectile lag is overshadowed by the
linear geometric expansions, and projectile, muzzle blast, and bal-

listic crack acquire approximately the proporticnal relationship shown
below,

MUZZLE BLAST —— \

MUZZLE BLAST PASSED
OVER BY BALLISTIC
CRACK

BATLISTIC CRACK

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

*See Appendix C and Reference 46,
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Thus, it i5 seen that, with the usuaal supersoaic projectile velocities
i

the ballistic crack is confined to approximately a 130° cone to the
“front of the weapon. The cone increases to 160° with Projectile

pMach number of &, At Mach 1.5, the cone deecreases to about 100°
and af Mach 1 it vanishes altogether,

The above data find application when silencing a Supersonic
weapon. TLhus, although the gilencer will effectively attenuate muzzle

blast the usually loud and far ranging ballistic crack will still persist
within the defined frontal cone. To the side and the rear will be
heard the somewhat weaker, spherically expanding ballistic crack

reflecting from the weapon,

127



APPENDIX B

SUBSONIC PROQJECTILE FLIGHT NOISE

Subscnic 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; firat increasing, then diminishing in in-
tensity. Although this noise, like all turbulence-initiated noises, can
have a seemingly random quality, in the far field it is generally found
to be 1:n|=1-.-1:':1|::3an:1i-r:.'l Its frequency depends primarily on the flow velocity
and the diameter of obstruction in the flow; however, as will be Been,
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.)

DETACHED VORTEX

®

TUBBULENT BOUNDARY LAYER

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 Bpin
until the vortex is finally washed downstream, Thua, the amount of
air traveling with the projectile decreases and the process repeats,
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The energy of the attached spherical vortex®? propagaling at

the velecity of the projectile 18

bm . 3 2
B, as >% b” p, ¥ {n
where

b = vortex diameter, projectile wake diameter;
p, = air densilty;
V = projectile velocity,

The energy expended by the projectile to penerate a sinple vortex is:

Ep = {Cb E:}hi?' Po ﬁ)lr (2)
2 /1

where
p, V4
2

Chb = projectile wake area drag coefficient, P,/

f = projectile vortex shedding frequency.

Upon equating the above two eguations, it is found that

e

TCh b
I =
o) %

(3)

Thus, the projectile vortex shedding frequency acquites the familiar

form of Strouvhal frequency, f = {const) V/b. For flat tailed projeckiles

Cp has a typical value of 0, 2, When the flow is fuliy attached, which
18 the case with projectile beat tail tapers not exceeding about 15°,
the wake diameter can generally be assumed equal to that of the pro-
Jectile base flat. If the flow separates before the tail end, then the
wake cross-section area can be taken as approximately the average
Projectile area between tail and point of separation.

Representing the sound generating projectile as a Moving
monopole source, the far field sound pressure to the side of the Pro-
lectile becomes

p =2t (d_z_m.}

4mr til;2 [ 4)
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where

r = distance from projectile trajectory;
dzm
dté

= time change of air mass flow rate,from and toward
projectile,

The sound pressure,as a function of time,can be represented by
P = P, 3in 2nft (5)
where

Prn = 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

EE-): - Zr?m cos 2t {6)

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

2o

Thus, the peak sound pressure as a function of frequency and period-
ically transferrable mass becomes

TI‘:['EM
P = 2r (8)

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

M R %bjpn {9}
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Combining Equations 3, 8, aad 3, the peak sound pressure generated
by the subsonic projectile is found to be

2 2
i} s97° BGIoY

Pm 1200 r {10

Thus, knowing the preojectile shape and velocity, Equation 10 may be
used to estimate the peak sound pressure. Comparison of such
astimates with experimental data available to date* [rom a few
varionsly shaped projectiles indicated reatively good agreement,

;——-——-—-—_—_ e ——————
Unpublj gshad Frankford Arsenal data
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APPENDIX C

GUN MUZZLE BLAST

In the far field, a noise generating tube can often be treated
aB a simple acoustical monopole suurce;z'E’- >4 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), 2, 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 alsoc moves spherically
away from the scurce,

FPhysically, a monopole source can be envisioned as a Bpherical
baloon expanding or contracting uniformly in all directions, thus gen-
erating sound pressureswhich also diverge unif mly 1n all directions.
The far field sound pressure for such a source” -~ is given by

p 2
P : Gy (-tdi?zg-) .{1}

where

P = far field spund pressure
o - ambient air density;
= distance from source;

r
{2 = volume of ambient air being displaced by source;
t = time,.

P

Algebraic manipulation and integration of the above equation yields

J.pdt _ Lo (_d_c?.)

4mmr | dt {2}

&]%
e BT
|

= instlantanecus air volume displacement rate at the spurce:

—
B
L 2
i

cumulative area under the sound signal's pressure-
time trace.
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Wwith a source {such as a porous sphere, a nozzle, etc.) of constant
discharge area emitting gas, the air displacement depends on the quan-
tity of gas being discharged and on how this gas expands from discharpe
.to atmospheric pressure, In cases of interest the expansion process
is ggnerally very nearly isentropic. Thus, the instantaneous air
wolume displacement rate can be expressed by

{Ec%) - {\%)1” Aty (3)

where

absolute pressure of gas at discharpge;

|l

Dhu r:U

amblent air pressure,;
gas ratio of specific heats;
= pas discharpge area;

H

P L
I

t
u, = gas flow velocity at discharge,

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

!-TPE“J _ P (F’:; lr“l"Atut l‘ 4

—_— [R— —_—

4mr

Thus, it is seen that the cumulative sound eipnal impulse is directly
proporticonal to the volumetric air or gas flow rate at the source,
That is, the positive and the negative sound pulses represent, re-
spectively, an increase and a decrease in gas flow rate, Further,
since a given increase in gas flow must eventually be followed by an
equal decrease in gas flow, 1t 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 sufficient to describe the sound field due to change in
gas flow over a finite time, it ig insufficient for application to prob-
lems involving abrupt initiation or cessation of gas flows.

Consider a point source of spherical discharge area, Ap. If
the source abruptly starts and continues discharping gas at a steady
rate, a sawtooth sound pulse will emanate from the source [see
sketch]),
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where gas flow rate will be

where

AtPruy = Agu

Ay = source gas discharge area, 4mb<;

g25 discharge denaity;
gas discharge flow velocity;

Dt=

P
&
1

area, density,
source,

and flow velocity at some distance from the
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1f, at the source, the discharge conditions are Supersonic, i, e,
flow velocity is equal to local sonic velocity, then in the range

Iuh -t_,_‘:-x SI‘:]I

. nt(_;:;)lf"f 6
and !

n = ut{i— = ut%}]% {7}

From Equations 5, 6, and 7,
Ay Tiil'

P - Pt{m) (8)
and

u= g (;;E)Tr;i 19)
where

J
[

absolute pressure of gas at discharge;
discharge sonic velocity;

-4
r
|

X = distance from center of BoUTCE;

FP,a = absolute pressure and sonic velocity at some distance, x,
from source.

At distance x,, from the Source, the gas will have fully expanded
1o atmospheric pressure. At this locati >n, X = Xg,

P=P. {10)

.

From Equation 8,

|f "'f"l'].
_F Pt) Y
o VWam P, {11)
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and from Equation 9,

Po\2v
uU - '-lt ‘ﬁ— (12}

wWhet

1, = flow velocity at pt X0
P{;, = ambient air pressure,

Beyond the distance X, the gas remains at constant density and
almospheric pressure, Thus, for Xo X,

P
P = pt(PD) {14)
t
1/¥
_d__]{__ = U = 1 E ? - 1 i ..-A.._t_
dt = L B, Al {15)

Integrating Equation 15 for the boundary conditions of x = X, at
t = g,

173 ¥ + 1 i 3y -1
T xo YA\ P, t Py

and

and PG 1:_1_
uD U _P:t_ 2Y
1l = — — . —
- -
" 3ugt £q]2/3 Ay /P, 3’& 1 2/3 {17)
lxn 3u an Pt Y t + 1

which describes the location and velocit

* _ ¥ of a given discharge pas
Particle with time, Considar

now an abruptly initiated gas flow

36

d the air particles immediately in front of the advancing gpas front,
;?m air velocity and location can be described by Equations 16 and 17,
The pressure of the air is related to %ts velocity. 'ljhus, 1f 1t 125? assumed
that the alr acquired its welocity by virtue of a passing shock, then
the cverpressure will be given by

Y+ 1 2 8
= ol 18
AP p vFP ll +¢ + Yiv+ l}MT I {18)

M = ufa,, air flow Mach No.

AP = static gauge pressure,

For M =}, the overpressure may be estimated by

v + 1

2
If it 18 assqgmed that the air in front of the advancing gas front acquired
its velocity through insentropic wave compression, then the over-
pressure can be expressed by

2
AP as ¥ P_M (19)

2y
[H""IM]“"l-il {20)

AP - P

u 2

For M <1, this overpressure may be estimated by

AP = YPM (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

terms of velocity is obtainable with

k2
AP = k)M (22)

Where

k, and k, = appropriate constants.
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Now, a spherical pr ! i
©s$sure wave diverging from its 5
domii ] b Eing ource can be

where

p = _ —
r[ﬂunt J1?3 [31;. t JIIB 144

Equation 24 describes a famil
¥ of curves depending o :
(up/x%5) {see sketch below), g on magnitude of

{(p/pg)

) Pf'pm = CcOonstk,

It c-:-m be ‘EEEII that in each case the sound pressyre decreases
exponentially with time, The rate of decrease, however, depends on
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substantially larger than 1, and the sound Pressure can be cstimateg by

. _Pm (25)
Taking the time t as the representative time period of the sound
pulse and rearranging Equation 25,
Pm ] Prri| o ‘ﬂt Pr | 4y
—— f x Pm It
t o LP =1 P/ V4T A\Po (26)
3_"'10 311t

If the time period is established at a constant pressure ratio{p../pl,
then it will depend only on the source discharge area, discharge pres-
sure, and discharge velocity, and can be expressed, generally, as

3y - 1
A, (Pt )ﬂ—-?
40 \ B,
Ttoe (27

o -

I

where
C = an arbitrary constant,

This equation is seen to be similar in fgrgnlﬁthe '"Strouhal" frequency
except for the additional factor (B /B,) Y 7. Itisto 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
18 that it is of the {orm described by Equation 22,

Some insight into the above problem is to be gained by con-
s8idering the nonlinear propagation of strong scund pulses. 13 Con-
Bider a relatively strong sawtooth sound pulse (shown in the following

Sketch),
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o

By virtue of higher pressure, the shock f

Faster than the pulse tail {point 2,
is

ront (point 1) will pProgagate
The velocity of the shock front

v | P, (28)

Th i
€ pulse tail, of course, propagaies at approximately ambient sonic

veloeity, a;. Due to this velocity differential, the pulse will tend to

stretch out with time {and iravel). Change in the Pulse time duratio
can be represented in differential form by ’

dr - ¥+1 _Pm .
IV Poa, {29)

Corresponding to this increase in
Pressure will decrease,
the relationship between D
represented by

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

T r = T i
Pm IPmiT] [30)
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whﬂ Ire

T,and p_ . = pulse duration and pressure at some reference
1 ] location, ry;

T and p,,, = pulse duration and pressure at some location, r,

golution of Equations £%9 and 30 indicates that the instantaneous peak
gound pressure of a sawtoolh pulse can be represented in terms of

its travel by

Pmifi 315
P _—
m 1_[‘\" +1 PmiT] In _r_) n 1] Lz
The sound pulse time duration, as a function of travel, is
1/2
T =T11"'”"1 Prn1T1 1n(f_)+1] (32)
2*&' PDEDTI Tl

Thus, it i5 seen that the relative time duration of a sound
pulse with long wawve length and small amplitude changes little
with distance from its source. On the other hand, short scund
pulses, especially those of high amplitude, can significantly incrase
in time duration. This lime incirease 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,
Py, and absolute temperature, T;. Initial velocity of gas is zero.
As the cylinder is suddenly uncorked, a sawtooth sound pulse emanates
from the mouth of the cylinder while a rarefaction wave travels in-
ward, Until the rarefaction wave teflects 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 1s repre-
sented by a right triangle of amplitude, p,,and time duration, T, then

T
,[pdt [ — ﬂ'.'?l-., {33}
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and subsonic conditions prevail at the tube exit, i.e,, locally, flow
velocity is smaller than sonic v:elumty. vl 2 i (Y-1)
If the initial gas pressure 1s P1 2 Pu_( > )

2 2 (37)
— Pl(v_'_i)'f-l ’:E--EBPI

‘‘‘‘‘‘

.
e T LIS R “aTeln :*;'_'_;‘___‘."".‘.

Zay Za T (38)
_— o]
“t T Y+ 1) v+ 1T

o

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

—c—
sonic velocity. This is the usual case found in unsilenced {and maost
silenced) weapons, as here the pressures encountered are generally
above critical. From Equation 27 the time duration of the scund pulse
due to uncorking of a pressurized cylinder is

3¥ -1
)
T =kx Fo (39)
=G
u

where
and, from Equation

4, the peak sound Pressure becomes

d = diameter ot the cylinder;
k 2z 3, an empirical constant,

Pe P, 1/v
P = (7) A
21T -F,; t (34) Cembining Equations 34, 37, 38, an 39, the peak sound pressure due
. to an uncorked cylinder becomes
where Ay, Py, and u, are, r ' ' 2
Sure, intc[ velocity, ‘ “spectively, discharge area {mMd™/4), pres- v+ 1
5-3
Gas discharge from the cylinder d d h .29 b =y 2 }EH- 1) Pod ;T P 4*{Y (40}
€pends on the initial gas conditions, “» ) ( )(
IfFi = PD‘( +21)va?-l ~ 3,6 P.Dl i v+ 1) gkr T'D Pﬂ
Pe=P :
¢ © {35) and it seen that the peak sound pressure i3 directly propertional to the
23 p 1X= 1 Y -1 Jnitial absolute gas temperature and only weakly depandent cn the
W, - I [1-(__3)] Y o “2o [T ) {Pﬂ) . initial gas pressure, as long as it is above critical, However, since
{¥-1) 1 (v~ 1T 1_:'?1" [36) 1n the gun,high pressure is generally accompanied by high temperature,
: the peak sound pressure 18 not completely independent of the initial
142
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;:;n:;:l prressurt?. If it iis 18sumed that the gag being discharged
i PPEjEEd Frs_elratfx;nplcall}r to its initial condition, then
1 o (P1/P,) » and Equation 40 canp €xXpress the peak
5ound pressure jn terms of ?n%y the initial cylinder .
n pressure. The

resultisthat Pm (Y +i) i
o0 Py - This seems to cor a
: ‘ relat
ably well with eXperimental dats available to date Te reasen-

(41)

Pmg = Peak sound pressure at given aximuth angle, p:

My = wfa, discharge pach No. ;
N = constant equal to approximately 2;
P, = pPeak sound Predsure directly to the side.

- 0002 {42)
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APPENDIX D

GUN SILENCERS

Consider a typical silenced weapon, consisting of a gun barrel
of volume ¥, and a baffled silencer of volume v, {see sketch below),
Duaripng 1ts cycle, the projectile is accelerated by the high pressure
gases in the barrel, Following this, the projectile travels through
the silencer while the propellent gas expands into the silencer cavity
behind the projectile, Just prior to exiting from the gun barrel, the
propellent gases are typically in the vicinity of 2000° F and 3000 psi,

Fa
vy vz

AASARE AR M A A Y A,

a 4 :
=
Yy
: l
p

[ ]
i I Py

During its expansion int¢ the silencer cavity, the propellent
Eas mixers with the air contained within the silencer, The air,
originally at ammbient pressure and temperature, is compressed
while the propellent gas pressure and temperature naturally de-
¢rease, In a typical silenced aystem, with the silencer volume
of the order of 20 times that of it8 gun barrel, the conditions
within the silencer just prior to projectile exit are of the order
of 60 psi and 300° F, The projectile, being subscnic {presumably),
travels through the silencer at a velocity close to 1000 fps., Jus*®
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how quickly the Eas behind th
Cavily can be gathered from

shock, Sonic, and flow veloc
a function of pressure,

e projectile expands into the silencer
l_:h.e fnllumting graph which shows the
ities of air or gas similar to air, as

(D Shoek ¥sloeiry:
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Praseure Ratia, P2,

lymical silencer. the as
. : I 1 .
1is length at the time ihe C ©-Sure 18 very nearly uniform along
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/2

@ Igentropiz Wave Bogic ¥elociey;

projectile exit will be

P 17y v v
. P, t vy
Pz =Pu vz {1)
1 + =

1

which can be simplilied to

1fy
PD + "1

P, m P v (2)
. W )
1
where
P = absolute propellent gas pressure in gun barrel at the
1 time of projectile exit from gun barrel.

Pu = ambient air pressure {14, 7 psi):
vy = silencer volume;
vy = pun barrel volume;

¥ = ratio of specific heats for air and propellent gas {actually
for air, ¥ = 1, 4; for propellent gas, v ~ 1. 2).

Similarly, the absolute temperature of propellent gas in the silencer
at the time of projectile exit is

(_11;1_) (E) v - 1)
T, = T, |30 AL (3)
)7

T, = absolute temperature of propellent gas at the time of
prejectile exit from the gun barrel.
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The absolute tem erataore of ai - : _
(P1/Pg) ¥=1)/y e OL air compressed in the silencer 18

T2 (v2 /A1)

air temperature may be assumed to be the same as that of propellent
Bas [i.e., that given by Equation 3).

y Which is very nearly equal to T2. Thus, the

Projectile exit from the silencer will be followed by an efflux
of gases. If Q(t the time of this exit, the silencer !
; ' pPressure is
Pzgpu{'“f’zti) 1) 1.9 P, then

Pt ~ F"r.::» (4}
and

-1
Y -1
w 5~ a, (1 -{Fe N\ 2 a2 tf2 [ (P ¥
t \Jy-1 "2 P 71 %o A\ B (3]
2 L 0 P2

where Pt = absolute discharge pressursa:

3 = discharge velocity;

Y
1

3 jonic velocity within silencear at time of Projectile exdit:

a = ambient sonic velocity,

T, = absolute ambient temperature,

In this case the discharge conditions will be subsonic; that 15, gas
flow velocity will be lower than sonic at the point of discharge (v
<a;). If, on the other hand,_vthe siI?m:er pressure at the time of

Projectile exit is P = P, (——%—L)? W-l}ﬁ, 1,99,
then
Y
; 2 v+ 1
P = P e —
t < l?+1) ©)
and
2 2 IT 2
T = A %5 {7)
t ¥+1 v+ 1 \’iiﬂ
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Now the discharge conditicns will be sup:ersunic_, with the flow ?elncity
at discharge being equal to the local sonic vel—::i-::ltg,r [y = ay). T“ms,

.. fact, is the typical condition to be expected in most conventional

1131 n-t:e:rs. As the projectile exits from the silencer, the abrupt un-
:::king of internal pressure will generate a sawtooth sound pulse:

The time duration of this pulse is given by Equaticn 39 of Appendix

C'l ! 3"\{ -1 :
:' (Pt) Ty
kdi P
T - K O [8)

ut

e —— .- . . P

whete

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,

i/
_ Pa P Y (9)
m 2nrT .

Py = ambient air density;

H
I

distance from the weapon:

nd¢/4, silencer discharge area,

e
il

Combination of Equations 6, 7, B, and 9 yields the peak sound
Presaure of an abruptly uncorked silencer, to the side of the wea-
PO, AS

5- 3y
4y (10}

£1
b _ {2\ W=T) YPod /T2\/P2
m = v+ 1 8kt T{: kPD

Where

Py ana T, are the absolute silencer pregsure and temperature,
respectively, established by Equations 2 and 3.
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L

_ (13)
If the silencer lemperature is related to the Silencer pressure by '[lu (ApPrugdt = AyPrugt
T, = T, [PZ,-'PD]W'”N, which is not an unreasonable estimate, thegq
Pm o PE{"""H]-V"‘H. The peak sound pressure level of the uncorked where
silencer {from Equation 10) can be described as A, = silencer discharge area;
r Y + 1 5«3y p, = discharge gas density;
I 2 4{?' ]-i vPod To PI 4? | ut — discharge g4 5 vE].ﬂCit?;
L 20 1 ) "l|l’+1 __B-E;'— :.[T;- PG Il (llj t = time it takes 'pl'[j.jectile to traverse Ellﬂﬂ'l:Er..
= og — _ .
m - D002 J With maximurn discharge conditions,
B -1
It 15 INIeresting to note the effect of heat absorption in the silencer 2 Ly {143
on the peak sound pressure, If, similariy to the above, the Silencer's P. = P2 v+ 1
Pressure is related to its temperature by Py o PG(TRITD}W'”’W, then
the peak sound Pressure can be expressed ag a ﬁﬁu:timl of only the si.
lencer temperature, which gives ppy, ooy Tp (YHI}4(y - }, With maximum 5
heat absorption in the silencer, temperature T2 wili have been reduced - 2 5 T2 (15)
to ambient temperature Ty From Equation 10, the attenuation of peak Yt y+1 © T 5
sound pressure leve] thus to be attained in a typical silencer is in the
vicinity of 6 db, i : 1
The silencer discharge area is approximately
A certain amount of blow-by in a silenced gystem is unavoidable.
Jince, for the sake of System accuracy, a clearance must exist betwecn - (16)
the silencer and pProjectile, some propellent pas usually bypasses the At PO |
Projectile in the silencer, The effect of this blow-by on Bas discharge 4
from the silencer immadiately after projectile exit can be surmised
from the following, where
- of gun barrel;
The gas discharge following projectile exit from the silencer js vy = volume of g |
primarily dependent on the quantity of gas contained in the system at -51 = length of gun barrel;
that time, which, in turn, is determined by the percentage of pas lost 11 5 ig
through blow-by. The Percentage of gas 1ost can he represented by The time it takes the projectile to traverse the silencer
t
17
Am _L (Appsuy) di ¢ = ) {17}
(—)-~= (12) a M
Im P2 ("r"’l + "."2]
where
where Am = Bas mass iu'st through blow-by during time pProjectile L, = silencer length;
traverses silencer: 2
M = initial total mass of Bas 1n system: M = projectile Mach No,
t = time :
P2 = gas density in system at time Projectile exits silencer, With these definitions, Eguation 12 reduces to
v +1
The duration of blow-by is limited to the time it takes the Projectile 2{v - 1) Io
to traverse the silencer, If, during this time, a constant and unre- 2 T2 (=22 1B
stricted {ma.xi:num} gas flow rate is d8sumed, then Am v+ To 118)
- M+ —~E)
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Substitution of typical quantities into Fquation 18 reveals tha-,
within the time restraint, the maximum percentage of pas a typical
5llencer can losa through blow-by is in the order of 5 percent,
From this it may be concluded that the blow-by has z eIy 3main
eifect on the gas discharge oCcurring at the time (he Projectiie exits
from the sBilencer,

Examination of Equation 9 reveals that the peak sound pPressure
15 inversely proporticnal to the time duration of 3 Eiven sound pulse,
In a system where gas discharge is initiated slowly, the sound pulse
time duration iz governed by the time it takes the S¥slem to reach a
glven discharge rate rather than by the system?s maximum discharge
rate {Equation 8), Thus, it becomes evident that the longer the
Systemn takes to reach its maximun gas discharge rate, the quleter
it will be, Practically, it means that it 35 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 Sllencer.
if it is assumed that the gas diascharge from the silencer can be initiated
at the time projectile exits the gun barrel, the time restraint is im -
pescd by the gilenrer length and projectile velocity., The Hme in
which the discharge can increase from zero to maximum will be

Tm 22 (19)
anM

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

¥+1 ;
- > 1
Prn = ( 2 “v-1) ¥FPod™ 2 P Y
Yy + 1 B_ﬂzr TD- Pﬂ
This relationship gives the minimum peak Sound pressure of a SyBtem
whose gas discharge was initiated graduailly, rather than abruptly.
Compariscn of thig equaiion with Equation 10 apd substitution of typ-

ical system quantities reveals that attenuations of as much as 15 db
are obtainable with the controlled discharge technigue,

Attenuation of a Precursor wave in the silencer is somewhat
different from that of a blast wave, Whereas the latter involves high

ic velocity, This allows the assum];jntinn th?.lt the TE-'l]_
ambient E'Dlllh recursor within a properly desipgned silencer wi :
flections of the p effect on the forward wave front. In a properly

pave practically no the baffles or other silencer components would

jgned silencer, ical expansion cf the
designe ] de the natural spherical expa
ould not impede
pe such as W

E u , -

is equipped with a silencer [see sketch below).
that one

Py’

i 11
In the first case the precurscr wave generated in .thz g'l._:l.::l b:;:,f; wi
be unattenuated. At some distance r, in the fazr field, iL=s

Preasure will be

Pzt (21)

1, = silencer length;

I53

) zzle,
precursor sound pressure :gauge}at distance £ from gun mu



In the second Case,
(spherically} in
At the front end

the precursor wave will

the silencer prior to expansi
of the silencer,
an absolyte Pressure,

Expansion of this equation and eliminati

on of lower order terms re-
duces the flow velocity to

u Bly-1) _2o
% B P2 (29)

Corre 5ponding to

this flow velocity,
[guape) at the silencer

the diacharge Pressure
exit will be

- YPou
pt - E.n = JB{‘I" - 1} PZ

{25)
Spherical exXpansion of thi
the attenuated Erecurs

where

d = diameter of silencer muzzla Opening,

Combining Equations 21

and 26 gives the dttenuated precursor
sound pressure in ierms of the

unatienuated quantity

P3' 2
= = 12 {(27)
3 v -1 d
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first expand uyn lmpeded

—
L

ttenuation of the precur snr‘in decibels,is
The 4

v - 1

p3' N E— EE 2B
AL = 20 log (-ﬁ;'_') = 20 log d (Z8)

L

itution of typical quaantities in Equation 28 indicates that a |
Subﬂﬂrw designed silencer, approximately 6 in, long and .35 caliber,
PrﬂP:E expected to attenuate the precursor by some 30 db,

Cafl

An interesting prcblem presents itself in considering attenuation
f the silencer Lype shown in the first diagram of the following sketch.
0 e

A A A A ;},‘lfgfmﬂ

v ]

Here, the silencing volume is separated into two chambers, one ?ns
front of and one surrounding the gun barrel, A ble-:?d hole {lnr ds:i:ne
of bleed holes) leading to the surrounding chamber is provided in 1
the gun barrel. As the projectile passes the bleed h:fnle, t}l: p;'r:fbe -
lent gases in the gun barrel expand into ’Ehe surrnund.mg r::h m rl;ﬂ.sure
When the projectile exits into the front sﬂenc‘er section, t -tip

in the gun barrel decreases and the gas flow in the bleed hole ;i-h
verses. [f the bleed hole is sufficiently small,then, becausequ Ei
greater initial pressure differential, gas lﬂuw 1.=r..r11'1 be _faster ]i;m tf €
surrounding chamber than out of it. This techn%que 15 Calﬁl T:_D .
substantially reducing the pressure in th{a front 5_1lencer ‘at e 1171;:1
of projectile exit, An optimum exploitation of this te:?hn*xque wou

be to introduce a one-way valve in the bleed hole lead1‘ng to the |
Surrounding silencer cawvity, Consider the silencer with a rel_ahvely
large bleed hole, so that gas flow into and out of the surrﬂum:'{mg
chamber is relatively rapid, The gas expansion processes jmll bfe
VEry nearly isentropic so that the silencer prﬂessure fit the time o
Projectile exit from the silencer {from Equation 2) will be

_(ﬂ) 1/ —:‘Y
B! Py V;?v?, - 1
: (‘“‘ﬁ“‘“)
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Pn = ambient air pressure:
Pl -~ PresSsure in pun barre] just before bleed - off;
Y. = volume of gun barre] before bleed -off;

v, = volume of silencer chamber surroundmg gun barrel;

v3 = volume of front Bilencer Chamber,

In a silencer with a bleed hole vaive, the expansion PTocess up to

the projectile exit from the gun barrel will be similar to that aboye,

Bevond this point, however, the B45eE remaining in the Eun barrej
will expand into theforward silencer Section while the EdSes in the
surrounding chamber will ba trapped Pending possible slow reiease,
Isentropic expansion up to the gun barrel mugzle Blves the gas

pressure as
it

+ ] {30)

Expansion of the E48€e8 remaining in the gun barrel intp the forward

( )m Y
P3” B P{; I__;:r_n__ + 1 {31}
3
L(;l*)

This, combined with Equation 30, Blves the silencer Pressure at
time of projectile exit as

:U-) + 7 |
p3" - pu -——9——______L + 1 [32)

(2 (2)

Selving for minimum P3v, it is found that the greatest reduction in
Pressure occurs when
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P 1/

(T:‘;—) (33)
v ="i"3 TP 1/ vy t V3
I A R Gy

B ' Equation 33
] - found in silencers into _
jtution of typical quantities ] the surrounding
Substitulion ; btain maximum attenuation, the
. g that in order to o

, : the for-
tely 0.7 times that of
. ber should be approxima . , .
slencs” Ch:;; The difference in attenuation of the silencer ﬁltha?Ed*
wari t:li:‘val;E and the simple volumetric silencer can be estim
bleed DO

from

Per 1{v+ 104y 34)
1 . In a silenced
where P3' & B;'"are as defined by Equations 29 and 32 n

j g I I l ! g

effective with larper ones.

x
See Equations 10 and 11,
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To all whom it THELy CTRLEETTE;
Ge it koown that we, READE Bt

. ACON W asy-

INCTON aAnd ALFRED WILLIS CAPY, of Dallus

ia the counly of Dallas and State of Texas

]

5 bave invonted a vew and useful Attachmant ;

Lo the Harrels of Firearms, of which
he . tha fol-
lowingr is a full, clear, and sxact ﬂ-ﬂﬂl.'l‘ipiiincs.
_Due objeet of my invention isto provide
sitmple, light, yet durable devica adapted for

& altachmeant Lo Lthe muzzles of rifles, mpuskols, |
¥ k

and other armasdapted 1o fire balle
. : Ly, Andt
30 construct the attachment that it will m:

terially wodify or anlirely prevent the noise |

made when a weapoa is disehar i
god, and will
5 Al50 Art Losoppress thesmoke sl '
wl:fl:tt_ hlnck powder isused. moshemtirely
urther shject of the invention j
: 18 o at-
trin the ends above sel forth without impaijr-
ing thu_pﬂwﬂr_ or aceurncy of the wenpon.
D Tha_ INvEntion consista in the novel con-
struetion and eowmbination of the BOVAral

PArls, a8 will be hereinafter fully sat forth, ;

unﬂg;ninted out in the elnima.
lerenceisto be had totheacpo i
5 l_rlr'a-.w‘ngs, foriing & part of this alm:E'::E;::lg
In whirhsimilar eharacters of refarance "'u:ii:
cals corresponding parts in all the fiegres,
Figure 1 is a side elovation of a rifle and
the alttachimsut applied theretw.
@ longitudinal sectipn Through the attachment,
drawn oo a Jarper seals than in Fig. 1, and

| Becnred in place.

the barrel by m strap or its uivalent, I
order thai the extension 11 i;:lnha bod y umIlfIl
in fart the chanber in the body proper may

portion of the extension 11 isclosed by g pl
12, serewad thersin or otherwise dﬂiﬂhﬂhlig

_ : The upper surface of th
casiog A is flush with 1he corresponding nu:

3aud barrel shall not beinterfered with. The
Bpace within the casing A aad the extension
11 inay be tormed an * axpansion-chamber-*
bri cerlain portione of this ex PANRion -chamn-
ber ars shut off, aa will be hersinniter stalad. T
The body-casing A in niaptad to receive a
cap B, the cap being at the forward or daljv.
ery ead of the easing, and this capis nila pted
to slide within the body-casing and is held in
segagement Lherewith in nay approved man- Yo
aer—as, for example, throngh the medium of
spring clips or tyngnes 13—us rkhown in Figs.
1 and 3. The inner fuce 14 of the cap B is
inclioed, the inclination being from the ap-
per edge downwardiy and Forward Ly, and the jg
Inner-faee of the erp i open from a point sk or
noar its bottom Lo & point asar the top. The
upper portion of the inner inclined fusa of
the cap B is provided with 8 deflesLing-plate

Fig. 2ia a1 15, and the said deflecting-plate has an open- 8o

ing L6, the canter of anid upasning being |
longitudinal alinement with the fxia D:;g“;:

Rleo a longirudinal section through thab por- { bors A’ of the barrel

Hon of the barral to whiek the Ritmchmen| ia
:pﬂ]_l-&ﬂ._; and Fig. 3 iy a transverss vertical
5 Fﬂi; -H%l": taken practically on the line 3 3 of
A represenis acasing, which is
oval in Fmpu-aﬂel.iun'f AR shuwlllm::ﬂ“{‘?;aﬂ;
This casming 18 provided with » collar 10 gt -tlu;
@ rearedd of ita body portion, and the gaid spl-
lar is udapted to be screwsd o Fon or other.
wise atisched to the forward or in uzzle mnd
of the barrel A" of a gun, as shown particu-
larly in Fig. 2. AL the rearlewer portion of
s 1he hlfl'[l]F-Eﬂ:H]D*'._."_A A tubular extsusion 11 isT
furu_leﬂ, which is ngnally cirenlsr in ¢roas-
Eection, bol way have orher cross-gecl ional
tontonr. The extension 11 from the easing
18 adapted to extend rasTwardly Doapeath the
 barrel a pecessary distunes- when the caAsing

Immediately forward of the o ning 16 i

the deflecting-plate nod st the l;grwfrd n;: By
por end of the enp a chamber 15* is formed
provided with aninlek 17, tke center of which
inlet i in & plane with the conrer of the AXia

{ of the ppening 16 i the defeeline-

th_ﬂ axis of the bore A" of the :;Errlgllﬂlﬂ e
alinement of the openings 17 sod 15 with the
bore of the barrsl is in order that the bulles
discharged from: the barrel may puss through
the maid openings 16 and 17 and ot through
thoe chamber 16* withont intarfering im the ps
slightest degree with moy of the mechnnism
designed to confine the gasea.

This go

The innar faes or wall of the chamber 18+

I8 _iun]in-ad, Aod & flacge 18 is formad o
this wall around the i_nlul.-up-ening 17. 'i"'l;:: 100

i# attached to the barrel aod:is fastened to

flange LY in adnpied na & sent for a vulve 19
which valve closea Lhe indet 17 of the cham-
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be readily cleaned when desired, the rear end 1

Ince of the harrel in order Lhat the sight of §c

=

40 The expandioy -rases strike the defAseting-
* mediately afltur the waeape of 1he bullat, be-

558,034

ber LA imuadiately altar Lhe disgha,2e of 1k
Bullat; hnt nuewally the valve b anAde b hear
ayrpinst the inner Mee of the lawer porlian
of the Asfecting-plata 15, RS LLMETE H Plasl-
tion parmatlel with Lhe line of the inner [are
of tha ¢ap B, na shown in posikive lines in
Fig. 2. Tha opening 16 in tha deflesring .
Tate is made in ttx kower pillgs, andd in oeder
that the discharga of the bgliet shall oot be
go impesled & eorregpond’ 2 ppening 20 iy mads
inm ths apper enrl uf the valve, and when tha
valve 1% has bearitiy meminst the deflecting-
plate 15 tha openinyg o the valve nnd the
ppening in the adye of the deflectingplate |
15 reginler, forming an apeniueraf auoficieot sine
to periail the uninterrupied prassape of the |
bullet. 1
Anarm ZL iy =eeurcd 1o the front fees of |

the lower portivn of Lthe vaive 19, the nvra be- |

g0 ing ab right nagles to the outer Eace of sail

-xalve, and Lhe cndve v pivaled 10 the cap B :
By m pin 22, thar 13 nassed 1lrangh the eap !
and thronzh the =akd ario, a4 shown in Figs,
2and 3. The valve 17 0x leld in tks open per |

a5 silion—that is, in eoparemmeni with the de- |
flecting - plate—-liy weany af a apring 23, .
nsaslly atbncbed o the bottom outer wall of |
the chamber 16%, the spring having braring
AZRIUAL the upper surfacer of thae wrm B, Al

30 shown in Fir. 2. Inorler that the soring 23

mAay Le repawed or replbivesd when necesanry, |
an openipg is made in the front of the cap ;
beiow the chamber 16%, and Lhis opeuing iy
normally ¢lossal hy 1 block 24

35 Iu the npeention nf the artachment when A
Eun is ficvd rhe ballet i4efischuaged ns nsunl, ;
804l 1 passinry auk Frome The baresl does not
touch or interfere with the sechaniain of the
altachwent, a4 as beretefure Deen arated. !

plate 13 awil the valve 19 4t the same iustank. i
The deflbeting-plate being rigid and inelined |

towar:l the valve tarne the Rew nf gas dow - .
ward indireciion of the valve, and the valve

45 .baing freo o wove vutward is Lhrown apgrinst. X
1 el 18, 5% shown in dotted lines in Fig. 2, © cape of anoke from the muozzls of a gua, said

grantar porkion of Lhe depoail wili be fonnd
npoer the vlye i nearly & diroet lios with
tha axis of tha boreg of the gun. e

Harving this descrilmpxd DUT 1IDVEntion, we
elaim a4 mew and dasirs to wacare by Letters
Patent—

1. A vasing nreanged [or atthchmant 1o ihe
barrel 8 & yun, and havimyr an onklet for a 33
bullet, nn melined defectingr - plaie 1a said
casing wnd w velve normally hvhl o an open
prmilion el oparnted by the rases 1o slous
the sarlet for the hinlist after snid buallet has
auc el from the casiue, subutantinlly nsda- 8o

~CTT e,
9. A easing provihsd with a pas-vondensing

: phlamber and arranged for connection with

Lhe barral of a4 gun, Lhe sid ehember having
wiye ozt bt Fior 4 hkket, the saild sawing having By
h tabular vithasion foroing part of Lhe gas-
coutlensing chrnmbor apd sxbemling raar-
wiarlly benestln the harrel of the gun, B Clo-
~tiee fer the rear god ol said yubolar oxien-
aion, » valvs oparatsd by the gasea ko close go
the outhat bor Lhy Lalist after said hallet haa
caped nud A support agaiest which said
valve oormally resia, tha said snpport beiny
Incatend halbween tho end of tha gan-harrel and
the oullet for the bullet, substnatially us de- gs
seribed.

d. A casing adapted for atlachwont b the
haveel of n un, & chamnber st Lhe farward epd
af said casine andd having an ioler in ik in-
naT ar rear wakl i liane with the bora of the oo

| wun, o plate in said casinyg bebwaen the rear

pud of sa1d chanher and the end of tbhe 2an-
barrel and & piveted valve nomionlly esting
on ihe said plate, the plate waa valve eing
oonst eocied 0 permib of Lhe passages of a4 bal- 1og
lgt, the said vralve being adapted (0 choye the
npepiog i the rear end »f 381d ehamber ina-

ing carried Lo said ¢losine position by the ae-
tion of the pases, sub-tantiafly a8 describad, (10

1. A device adapted to control the noise of
the explasion of a4 charge aud prevent the »s-

and s beld there until the insile pressare of | device oonsisting of a eaxing arrnnZed for at-

the gas in the ey punsion-chwmber nnd barrel - tachment b the wozzle of
of the Ean beoones egnal 1o the oatside pros- ¢

50 Bure of the atnospheric air plus the tension
of the spring 23, whereupon the valve Arain
opeos gl the zun is ready for auwothor shol.
The gas ipstexd of rushing into the air 4s
usial, is turned by the valve back into the

33 ®xpansion-clhanber, which the gas itsell had
closed. The action is very quick, the vari-
008 slops described following ewch other o
praclically n moment of Lime.

Theexpansion-chamber, whichinvludesthe

82 enbic eontents of the bore of Lhe RuO, acts
substantislly s & condonser, uod at the time
of Bring no swoke is visible. Fpon throwiop
PPen the breech of the gan as so0n 48 possi-

bie after fring 1 buliet the eXpansion-cham- .

&5 ber will o found practically Rllxi with &
lighs Bmoks; _hul‘. the depoyit apen the lands
and ET0oves 13 not more than usual, as the

Fun, Lhe CRSIDE 115
being pravided with a downwardly aed fur-
wardly exrending deflecting-plate having an

“ppewing ks lioe with the axis of the barrel,
_ the casing being provided wikh & pasiage-way
“ for 4 Dullet forwrrd of 1he defllecting-plate, 120
. and u valve normally resting with 318 upper

el 60 said deflectineg-plate, anrd adapted to
e wmnvedll 1o eloge said passage-way by bhe
| arciw IRTion of gases withio the said casing,

5. The combination, with the barrel of
pu, A casing attached to the muzzle of said
barrel, and s cap removubly secured in the

| forward endd of the casing, the cap being pro-
, vided with av inelined deflecting-piate bav- 130
" ing an ppening therein in line with the axis

i of the barrel, of a chamber forward of the
dofecting - plate, provided with An opening
also'in line with the axis of the bove of the

165

| as described. L5
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fless, '"Mraw
rm. " [Translation) l T

U.S. Patent No. 958,93s,

issued 24 M
"Silent Firearm, RA

Hiram Pe rey Ma:-::i.m,

. 5. Patent No. 1,000,702,

issued 15 A
"Device for the Suppre Roport of ees

| ugene Th
35100 of the Report of Fire ; wrer.

arms, '

German Patent No, 629,404, issued 13 March 1933 to Hans E

"Silencers for Hanpd Weapons,_ " (Translation) osteldt.

Mk [FLaT]

U.S5. PatentNo, 2,448 382
. 15 8ued
”Silenceri ”: ¥ § ed 3] August 1948 to Wal'ren = MRE{:I[:

ol Lgee?

.8 P :
”;}i:'f;ﬂu-hi. 13]?'991' t88ued 30 June 1964 to Richard L. Malter

rm Muzzle Attachm e . . ;

tachable Husk. " ent and Projectile with Expansible, De-
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gun, and a valve baviog bearing normally
agninet Lhe deflecting-plate, the said valve
boing forcad to u seat at the inlel of the sxid
chamber, by the mction of the gas aceomu-
lated in the barrel and back of the said valve
and dellecting-plate, after & hullat has been
dlacharged, as described.

6. The combination with the barre] of m ;

gun, of & casinguttached to the mnzzle of said

barrel, n enp secursd in the forward end of
Lhe ensing and provided with an inelined da- |

flacting- plate having an opanting 1hersin in
line with Lthe axis of e barrel, w chambar
forward of the deflecting-plate apd provided
with an inlei-opening also in lige with tha
bore of the gun-barrel and Fformed with a
valve-nont and a spring-presaed valve nor.
mably resting apainst the defecting-plute and
adapted 1o be forced against said valve-Banl,
sithsitnoLlially a8 deseribsd.

i. The combination witk lh:E barrel of a,;

£un, anid A caning atrached tw the muozzle of
Lhe barrel and baving a tubular extansion (14
the 1ear lower portion provided with a remaoy-

able closure st its rear end, of a CAP remav- |

nhly secnred in the forward end of the Casing,
the inner face of said cap being inclined from
the upper edpa -dowowardiy and Forwanrd]y
Bad The snid inner face being open from a
point mt or near ite botlom to a poilnt nearthe

top, an inclinad deflecting-plate st the npper |

portionh of Lthe inclined inaer face of the eap,
the uaid pate having an openingin its lower
pdee in longitudinal alinement with tha axis
of 1ke bore of the barrel, 2 ehamber formed
aL the forward uppor end of sgid eap angd for-

ward of the plate, the said chamber being pro-

vided with su inler in its innar wall in line
with the opening in Lthe plate and tha bors of
the barrel, the inner wall of said cham ber he-
ing inclined snd baviug s Aunge formed there-
oR aronnd the inlet-opening and COnBLituting
Lvalve-sant, and n pivoted wnd spring- pressed
vilve pormally resting ab ii8 uppar end

45 Againat the lowar portion of the defecting-

G

piats and having an OpBniDng atiis npper edge
forming with the opening in the lowar adga

of the defiecting-plate, & prasapa for thy bul- |

let, the suid valve boing forced to its seat at,
The inlet-opening of said chamber b¥ the ae-
Livn of the graes niter w bullel haa besn dis-
charged, the front 4f auid eap below the cham-
ber having An opening provided with. & re-
moevabla cloaure, for the purpsss sal forth,

H. A caaing arranged forattachment to the
buarrel of & gun s0d provided with » £B8-con-
dunring chamber, and a cap removahiy Ba-

! cured in the forward end of said eaaing nnd

provided with » chamber having an cpening
in lina with the axis of the bore of the gan
and forming m passags for a ballat, & valve
pivoled in suied cayand operated by the gases
ta tloks the natler for the billet immediately
after the sscape of tha Guller, the said eap
being pravided with an opaning in its froot

{ delow tha saicd chambe ), and & closure For spid

Opening, substantiakly ss described.

% A device ndapted to control the noise of
the explosion of A chirge gnd pravent the aa-
cape of emoke from the nuzzie of & gun, the
said device comprising A easing arranged for
Attachment tothe mnzzlenf a gui Lhe casing
being provided wilh & passaga-way for a bol-
l»t, & valve for closing said paesape-way, a
Spring for nornlly holding said valve Dpen,
and u defecting-plate for terning the Row of
gus Woward the valve, the valve being carried
to closing poxition by 1the rasas.

). A casing for attaehment to the mozzle
of & jrun. A vap removably secured in the for.
ward snd of raid casiog nne having & valve-
SeAL ®With an epaning fur Lhe passage of Lthe
builet and a vilve carried by said removable
cap and free tn swing, the said valve baing
oormally beld in an spen Position, aod wdapt-
ed to be moved by the selion of the EASPSs Lo
& closed position, substantisliy as deseribad.

11. Aeasing arrangei foratiachment toLhe
muzzla of wpin, & removable cap fitted in Lhe
forward end of the easiong and baving a valva-
seal with ab opening for the passage of ihe
bullet, the axis of said opening ecinciding
with the axis of the bore of Lhe Zon, & Yalve
carried by suid enp and free to swing 1o ¢loss
Bal] opening, 8 spring for nermilly hoiding
said valve in the opan position, and & deflact-
ing-piate curried by the eap and arranged to
deiloch the guses toward the valve, the aaid
valve being closed by the sctios of the ZRaps
wherely the asid casing receives and confines
[or a Lime the gases resalling from Aring the
ENnL.

READE MAQOK WASHINGTON.
ALFKER WILLIS CAPY.

Withewsas !
0. A. HEBEREER,
H. W. KBLLT.

166

35

o

TO

75

Bo

(2]~

5

1

Corrections In Lettars Patent No. 658,934,

It ia hercby certified thal in Letters Patent No. §58,934, granted October 2, 1500

upon the application of Reads Maron Washington and Alired Willis Capy, of Dallas,
| Texas, for aa 1mprovement in “ Attachmenis for Barreln of Firearms,” arroru RppeRr
requiring oorrgehion, as follows : In the grast aod in the printed Bead of ths specilica-
tion, il s stated that they hare aasigned ome-fourth of their right to said Waghington,
whereas it shonid have been stated that said Capy amsgnad one-fourth of the sntive right Iy
scid Washmgion: and that the said Lattere Patent should be read with these corrections
| Terefn that the same aay oonform to The record of the cass in the Patent Ofice.

Bigned, connbersigped, snd sealed this 16th day of Ortober, A. I}., 1900.

(3L F. L. CAMPBELL,
Aswisignt Secretary of the Tuterior.
Conntersigned :
| C. H. Domer,
i Commusnioner of Patents.
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Patent No, 5478, "Device for Silencing a Firearm"
Issued to Josef Hutfless, 1 June 19C1, in Vienna

Transletion:

The proposed innovation has to do with reduction of noise due to
the sudden discharge of propellent gases after firinpg a weapon, It qg
hereby claimed that the barrel will close after Projectile exit, The
Propellent peses will be released after passing through two or more
regulating tubes rumning parallel to the barrel. 1In this way, the
Pressure will be reduced and the B34S exit will cause only an insig-
nificant noise.

The invention, for gpplication to sporting puns, is shown 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,

Az 135 evident, the muzzle of the barrel forms into = funnel, Ac
the bottom of the barrel, a, are arranged two parallel thin walled
Cubes, b and ¢, which are connacted together at their ends,

Tube b is connected to the muzzle end of the funnel shaped barrel,
8, while the same end of the other tube, ¢, ig equipped with a row of
holes, d,

This weapon requires the use of special Projectiles which are
made up of two loosely connected Parts, m and n. The charge is di-

rectly behind part m, which 1g of the same caliber as the gtraight tube,

while the froot part of the projectile, n, matches the narrow part of
the tube and i3 comnected to the heavier Projectile, part m, by a fixed
Pin,

The operation of the device is a8 follows,
the developing propellent B&ses in the tube push both Projectile parrs
B and n up to the narrow tube, Arriving there, the heavier projectile,
m, will be forced in the narrow barrel (position w') and thereby held
back,
will free itself from the back erojectile, m, passing and exiting
through the remaining porticn of the barrel (position n'),

The propellent gases do mot Pass intc the atmosphere through the
mizzle of the barrel but, because of the obstruction, they enter Fube
¢ through the opening 2. From here they pasa into tube b and ieave the
latter, with essentially reduced prassure, through the arranged noles,

d, in the froot end of rupe b, whereby only a hissing noise 1s produced.

A8 the result of this operation, & loud noise will be ayoided and
the prepallent gases will leave the tube producing a damped, umoticed
ncise, The remaining projectile part, m, in the tube can be removed
through the ipsertion of a charging rod,

170

Upom firing the weapon,

Tha front projectile, n, in consequence of its acquired velocity,

Patent Claim

d by firing a weapon,
ilencing the noise produce _
h;'fﬁilg:zizemizze:. The barrel oear the muzzle is to be funnel
in L

t“

2. Two-part projectile, which 1z described above. The powder

h is of the same caliber

be behind the rear part, whic

e ::r;ight barrel, and the front part, which is to be lﬁuaelirﬁw
po thetad to the first part, will have the seme caliber as the na
connec

portion cf the barrel,
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UNITED STATES PATENT OFFICE.

HIRAM PERCY MAXIM, OF HARTFORD, CONNECTICUT, ABSIGNOR TO MAXTM SILRNY
FIREARMN CONPANY, OF NEW YORK, N. Y., A CORPORATION OF NEW JERSEY.

STLENT FIREARMN,

958,535.

Bpecifioatisn of Letbers Pateat,

Patented May 24, 1910,

Applioation fied November 0. 108, Serdial Ko, 485,051

T all tohom i Iy Concern.

Be it known that 1, Hraw Percy Maxiu,
a citizen of the United States, residing In
the city of Hartlord, in the State of Con-
necticut, have invented certain new and use-
fil Improvements 1n Silkent Firewrms, of
which the following is a specification, refer-
ance being hud to the aceampanying draw-
ing, forming a part hereof.

%n the continued use of silencers for Lire-
aTms in whick the epergy of the powder
proes 15 dissipated In rolary or whirling
movement of the gases before they pass intn

the atmosphere, prd in which a series of par-
titions, dmaphragms or sprenders are sup- i
ported by a shell or casingr at the muzzle of
tha firearm, the rotary or whirling move-
ment of the gases tnking pluce 1 the cham-
bers formed thereby, the partitinna, dia
phragms or spreaders nearest the true muz-
zle oI the barrel of the firearm are expased |
to the highest pas pressure, while those mor: |
remole from the mazzle are exposed o much
less gas pressure.  Laghtness in the silencer
ean be secared by making the partitions, dia-
phragmns or spreadess in the zone of high
gas pressure of sufficient strength to with-
St.tmf such pressure nod by making the par-
titions, diaphragms nr spreaders more remote -
fromm the muzzle of thinner and even of '
lighter material. [t is fornd, howerer, that
ik is necessary to provide an abutment for
the heavier and stronger diaphramns aear |
the muzzle to support them against the im-
pact of the mases and tn relieve from great
Pressure the socoessive lighter diaphragma,
which are liable to be crashed eveniually i
resistance 15 ti:rough them.
One object of the present invenlion, there-
Ore, 15 ko provule such o construction ef
cers of this chigracter as shndl be ca-
pable of withstanding the impact of the -
Eases while at the same (e the minimam
of weight in the silencers is secured. Fur-
ore, in silencers of this churester which
arg eccentric with reapeet to the sxis of the
Eun barrel, it i= necessary to assure aceuraie
inement of the cpenings through the s |
ce=mive diaphragms for the passage of the
projectile,
. It 18, therefore, a forlher object of this
lavention Lo provide & consiruction by which
Such alinement of the openings through ihe ;

i or spreaders ¢ by w

\haphragms shall be securad without requir-
ing great labor in the assembling of the dia-
phragms and casing.

The .nventior wiill be more fully ex-
plaired hereinaiter with reference to the ac-
cemMpanyicg drawing in which it s illus-
trated and 1n which—

I'igure 113 8 vlew in side elevation of an
ordinary sporting rifle equipped with a
silencer which embodies the invention. Fig,
2 s a detwll view in section and on a larger
scale of the silencer shown in Fig. 1, a por-
tion of the barrel being also represented.
Fig. 3 is a face view of one of the dia-
phragms, shewing the recesses in the cir-
cuin ferenre therrof. Fip. ¢ 15 & transverse
~ction of the supporting shell or easing,

- showing the longitudinal key,

In the embodiment of the invention shown
1n the drawing thers s secured to the ex-
tremiaty of the barrei a of the gun, in eny
suitable manner, as by screw threads, a cas
ing . which is preferably substantially cir-
cular in cross sect 1o Hn(f of preater or less
lengrth az may be reguived and Forme a sup-
port. and inclosure for the series of singﬁ)ﬁt
sliencing devices cr Enrtitiﬂnﬂ or diaphragms

Ich the gases, which es-
cape At the mozzle of the barrel 2, are com-
pelled to aeqiece, within successive cells pr
chambers formed by 1he diaphragms ¢, a To-
tary or whirhng movement.

In the embodiment of the invention shown
each smngie silencing deviee e 15 generally
circular or annular with reference to the

. axis of the sheil or casing a, and is spiral or

couichoidai in eruss section, an opening &
being formed for the passage of the pro-
jectile. In the coastruction shown, such
opening 1= eccentric with respect to the axis
of thc sheil or casing. As is now well vo-
derstood, the powder gases rre directed by
the frusto-conical porlion of each dia-
phragm or spreader, or single silencing de-
viee, mto the aonular chamber formed by
the ciaphragm and aeqpire thersin a rapid
rolary motion 1n which their energy 18 dissi-
pated. The diaphragms or spreaders, as &7,
nearest the muzzle of the gon are paturally
snbjected to the highest pressure of the
gasci, while those more remote from the
muzzls are subjected to a considerably lower
pressure.  Those more remote from the
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while those nearer the muzzls are made of
steel. However, should the diap or
Spreaders nearer the muzzle regt tly

B0 thet ithe later receive the pressure irans.
mitted through the former, they would
eventoally be broken down. o phviate
this, an abetment is formed ig Lhe shell pr
casing o to receive the Pressure of ths dia-
pPhragms or spreaders in the zone of high

gus pressure.  Such abutment may be vap. |
ously formed, but as & convenjent and inex-

pensive, but effective construction, the sihell
or casing d, afier the lighter diaphrapms or

;preaders ¢ have been  placad therein, i3
ormed with an innep eircumferential ridge

or shoulder 4, as k spimﬁncig, and againsi
such sbutment the heavier d

readers e* rest. If will be understond PTISINg o supporting shell or CARIng, B series

that the number of heavier or stronger dix-
phragms or spreaders pm ployed will depenrd
Wpon the charscter of the gun to which the
suencer 15 applied. TFor s light power pun

1t i3 sufficient 1o provide ong heavy, steel Jig- ;

phragm or spreader ¢, as showa in Fig ©
of the drawing, but with g gun of hisher
power 1wo or more of the heavy sieel dia-

phragms or spreaders mav be required. Of !

course the number of the ﬁghtﬂr 1aphragms
or spreaders employed will glso depeod upoa
the character of fhe gun to which the sj-
lencer is applied and the effect to be pro-
duced. In the constriciion shown ip Fig. 2
space 15 provided within the shell OT Cusing
Jmfnr more thaer one heavy or strong dia-
pbragm or spreader and Spacing slecve o
13 introduced to hold ihe z1azle 1aphragm
Or spreader in place.

It will be understood that the provision
of Bn abutment for the heavier diap
or spreaders is equally desirable, whether
the silencer be concentric with the axis of
the gun barrel or eccentric with respect there-
lo. In the construction showy in the draw-
ing, however, Lhe silencer s eccentric and it
therefore becomes desirable to provide means
for readily assuring the peeprato alinement
of the openings ¢’ in ihe several disphragms

of spreaders with the bore of the gun Lar. |

rel.  For this purpose, in the construction
shown, each of the diaphragms or & readers
1s provided in its circemference with Hoy-
way, at shown at ¢ ip Fig. 3, and the sheil
OC casing o is provided with an 1internal
longitudinal nidge or key 2*, which may be
conveniently formed hy rolling or pressing

the casing. With this construction the dig-

phragms or s readers cannot be introduced
Into the sheil op CaSINg vxcept in thejr

: And 2 heavipr gr S ronger

{ pressure pf the henvier
| spreader.

proper relative position with

the barrel 4
{ claim as my invention :

th the ﬂE ]
£ W accurala siinement with the bore of

1. A silencing Tevice for Brearms, com-
Prsing a shell or CRSIRE, 4 series of diy-
phragmie or spresders d:sposed in the shel)

' OF tasing renrote from the mozzle and form.

, 1 10g A Eucoession of chamnbers, each of the

diwphragms or <preaders having an opening
| for the passuge of the projectile, and a refa-

| tively  heavy or strong
 Sproader disposed in the ghel]

diaphragm or

OT tCHSITE -

| iaeent to the mnzzle of the firenrm and also
| baving an nlfmning for the passage of the
{i I

projeciile,

e sheil or pegsin
. dbutment to pesist the forwar

having an
5 pressure of

*such keavier diaphragm or spreader, where-

. by the lghter diaphramms

phragm or apreader,

cr spreaders

retnote from the mwozzle of (he tirearm are
relieved of tha pressure of the heavier dia-

2. A sileacing device #or firearms, com-

' of dinnhrupms or spreaders disposed in the

=nell or casing remote from the muzzle and
forming a surcession of chambers, each of
the diaphrapms or spreaders having an open-
ing for the vassage of the projectile apd
forming an snnular cgll substantially con-
choidal in cross seclion, and & henvier dia.
' phragm or spreader disposed in the shell of
casing adjacent to the muzzle of the firearm
and also havine an o ning for the passags
of the prujﬁﬂtﬁe and also forming an an-
nular ceil substantinlly conchoidal in cross
section, the supporting shell or casing hav-
g an abutment to receve the pressure of
such heavier dia hragm or spres er, where-
by the Nyhter laphragms ot spresders re-

.’ mote from the mezzle of the firearm pme Ie-
| eved of the pressure of the heavier din-

| phragm ot spreader.

| 3. A stlencing device for lirearms, com-
| prising a Stpporting shell o CASING, A series
| o4 diaphragms or Spreaders disposed in the
i shell or casing remate from the muzzle of
' the ficearm, earh of ihe diaphragms aor

spreaders forming an annular celi substan-
+ Daliy enachoidal in cruss seetion and having

. 8U upeeing for the passage of

. “preader disposed in the sheil

jacent to the muzzle of the firearm RO

the projectile,

diaphragm or

Or rasing nd-
{f alsp

forming an annulur cell substantially con-
choidal'in cross section and having an open-
g for the ssage of the projectile, the sap-
| Porling shell or easin baving an interior

circum frrenitia)l ridge Pormip
1o recerve the pressure of sne

an abutment
heavier din-

_ A pliragm or sprezder. whereby the lighter dia-
2 suttebly shaped tool Into fthe cater wall of ¢ vhraoms or Spreaders remote m the

mnezie of the ficcarm are relicved of the
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§. A silencing device for firearms, com-

e fﬂ [fl?::ELrarrmﬁ ot spreadders disposed
?ﬂﬂﬁj ﬂ:l 11 asing fovane g surces- .
shell or casing {
o Ef chambers, each of the -[]li’l]'!ll!‘_:ig:ﬂﬁ
g n= ders having an opening srecnirically
& 5}:_.1'51;':1 for the pasaage of the projectile,
g:zpshnll or casing huving an _mh*:‘lmr r,dgu
or key and each of the dml:hangm:mti; |
10 spreaders having a kev-way fto cofip |
wilh. |
t ?..ER silencing deviee far firearms. :‘1:1rnl; |
prising a suppocting shell or :':Ihtn;,i'iﬁar:]lspd
series of diuphrugms or spreiders .:d..-. sed
1§ in the supporting shell ar casing ard Io i

g a suceession of chambers, each of the d;a-
ar
, . hrigms or spreaders forming an anno
wrting shell or casing and a, phrag

o+l substantinlly conchoidal in cross section

aid having an opening eecentricall
posed for the pussage of the project:

fe. I:}ti]i N

shill or ecacsing having an inlerior ridge or
J{t:-{-.-] l:md earch ff the d]'gp:_hragms; or spreaders
having & key-way to conperate therewith.
This specification sipned and witnessed
this 2Tth day of November, A. D., 1908,

iy |

HIRAM PERCY MAXTM.

Signed in the presenca of—
# JeREPAHINE H. Maxin,
Lena E. BzegovrTcH.
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UNITED STATES PATENT OFFICE.

EUVGENE THURLER, OF FRIEOURG, EWITZERLAND.

DEVICE FOR THE EUFPREIZSION OF THE BEPORT OF FIREARMNE

1,000,702

Bpecification of Letters Patent,

Patented Aung. 15, 1911.

Application Sled November 2, 1310, Serinl No. 550387,

To il whom il may concern:

Be it known that I, Fuckxe TeunLes, &

citizen of the Swiss Confederation, resading |
at Fribourg, of the Swiss Confederation, ;

» have invented certain new and usefol Lm-
rovements in Devices for the Soppression
of the Report of Firearms, of which the fol-
lowing is a specification.
This inventien relates to devices for less-
10 ening the report of Gre-arms  According
to this inveniion the energy with which b
gases of combustion travel is desiroyed by
niding said gases through a ecertain num-
Eer of chainbers which are arranged at a
1# eertuin distunce apart the one before the

other and which have passages for the pro- |
jectile. The gases are thus deriated from |

the trajectory nnd made to expand gener-
ally 1in sp1d chambers,

20 The derices according to this mmvention
differ from the devices of known tvpes and
serving for the same purpose by the ar-
rangement that the said expansion chambers
have the shape of conical sleeves which are

25 mwunted 1n a casing the rear end of which
1s perforated or formwd of wire gauze for
§ of its length. The inner casing is fur-
ther Inclosed 1t wne or more mantles which
are alternately perforated at the front or

30 ab the rear end. The gases which are com-
pressed at a very high degree of pressure !

when they are being generated are thos
quickly deviated from the trajectory of the
projectile. The pases escaping thoeugh Lhe

3 perforations of the cusings, petling hot of
the eonical sleeves is prevented.

In the uecompanving drawing, a plan of
execotion of the object of the present inven-
tion 15 shown as applied to a rifle-barrel.

Figure 1 represents a horizontal longi-
tudinu]l section of the apparatus. Fig. 2
shows a cross section along the line IT -IT
{see Fi%. 1), Fips. 3 and 1 have reference
to the details of the device shown in Figs

16 1 apgd 3 Figs. 5 to 7 show the detaills of
three modifications.

The device represenied in Figs. 1 io 4 has
& sleeve 2 the internal diameter of which s
equal to the outer dinipeter of the barrel B.

% Axn mngaler slot ¢’ (Fig. 3} at the free end

of the sleeve 2 serves to fix the device Lo the
arrel %, said slot being pushed over the
Sight ¢. The iuterior of the apparatus is
Provided with n series of fubuler sleeves d

5 o0-arinlly in the tube 2. 'This tube

12 15 deublewalled and it is made for two-

thirds of its height of fine net-work, the re-
mainimg third being of sheet metal. The
sheeves o ure eomieally enlarped toward the
front end. The nurrew rear ends are atl
turned toward the barrel & and constitute
together u canat for the projectile i*  The
slerves of have at the front eml four slots
theough wheeh are passed four rods F ofixed
on the inside of the tube ¢ and serving Lo
maintain the sleeves 4 st & given distance
from each cther so that each Ltwo succeed-
ing sleeves form a enrved for the
compressed gax. The tube £ 15 surrounded
by & second fulx g of a preater diameter
than ¢, the postion of which is eccentric
with regurl 1o the commen axis of the tubu-
lar sleeves . This tube g i3 perforated al
the first part g° for one-third of its length.
A thicd bebe A perforated at its rear part
for one-third of its length surrounds the
tube g, The space between ¢ and & is filled
with shavings of metal, such ws aluminium,
The position of the tube A is also eecentric

-with regard to the exis of the sleeves d s0

that the sight ¢ projecis over the device for
a few millimetbers.

The cirection followed by the compressed
fas 15 shown by the arrows. The projectile
P, on leaving the barrel &, enters into Lhe
channel formed by the narrow extremities
of the sleeves d closing this channel to the
cnpressed gas which rushes consequently
theough the annular openings of the tube ¢
into the space between the tubes ¢ and g
where 1t partially expands. From thers
the pas escapes throogh the narrow open-
ings of the frst or forward third of the
tube ¢ into the space between y and A
where the gas 15 prevented from expanding
wstantly owing to the filling of metal shav-
ings, the escupe of gas through the open-
ing+ in the iube 4 taking place without any
report. The solid wall of the forward part
of 1he tube ¢ prevents the ges from enter-
ing the steeves & thus escuping by the cen-
tral channel before the shot. he morg
clongnied the form of the sleeves the less
the gas will endeavor to penetrote into the
passage for the projectile.

ohserved that the ftube ¢ dboes nnt
touch the wall of the tobe g ab its upper
part ; there 1s still & space of a few milh-
ineters between e and ¢ which is necessary
for the Ires passage nfqﬂ:m gae aroupd the
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B of u pun fitied with the above describedl

= 1,000,703

tube e. If this tube were to touchk the fube *

g the result would be a pressur: on il 1oLt
jectile causing the sume to deviate, _
Experimenis have shown that the recoil

vice 15 only very slightly duninished, the
automatic reloading by recoil conld therp-
fore be accomplished.

Figr. & shows a moditied constrnction ac. |

10 cording to which the tubulur sjeeves are

15

20

difficrently shaped than in the first instance.
According to Fig. 6 the tube g on this de-
vice has been suppressed. The entirs sSpace
betwoen the tubes ¢ and A" is flled wilh
mefal shovings, A pet-work A® has been
applied o the insile of the perforated por-
tion of the tube A’, Fig. T shows slots &
provided 1n the tube A" for the escape of
the gas,
I claim:—

An 1mproved device for lessening the re- |

port of fire-arms in which the coinpressed
gases ars deviated from the trajeciory of

;0T 1ts benplh and o

the projectile by means of eonsecufive - |o-

. uents which form a channel for the DRSZA LY

of the projectile, comprising in combination
a certaun mamber of elements consisting of

de- | conical sleeves, a tube inclosing snid ele-
' ments and p{sl-}nraiud for two thards of its

length from the front end to the rear, an
eccentric casing surrownding said tobe and
compozed of lwo tubes of which the inner
one Is perforated at ihe front part about one
third of its kepgth, the outer tobe being per-
furated at the rear part for about sne third

Elling of metai shavings
1n the space berween said Lubes substantaally
as described and shown and for the purpose
set forth,

30

35

In witness whereof T have bereunto =zef 40

my hand in the presence of two witnesses,
EUGENE THURLEL.

Witnesses:
AvperT px Capsirane,
II. C. Coxe,
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rranslation: Patent Ho. 629404, '"Silencers for Hand Weapons'
Issued to Hans Eisefeldt, 13 March 1933, in Germany.

DEUTSCHES REICH $ilencers for hand weapomsare already known, Generally, they
consist of an elongated hollow cylinder with baffles, which either
ition the chember or cloee it off from the atmosphere by use of
AUSGECEBEN AM eslastic washers. Either way, good results are not obtamined because
30. APRIL 1938 the noise, even though somewhat attenuated, alwayz remains,

In relation to such silencers, the following improvement and dis-
covery is contained herein, The inner chambers will be completely

REICHSPATENTAMT fillad with a porous material, such as viscous sponge, rubber sponge,
or 4 Bimilar material., This material offers no resistance to the

PATE NTS CH RI FT - passing projectile and closes immediately behind it, The gas follow-

ing the projectile will be forced into the mamy small cavities, where

Ne 629 404 it will be delaved prior to arrival at the closing washer until such
KILASSE 72 time as the projectile will have passed through and the wesher will
S : a GRUFPE 28 have closed, 1In this mammer, a substantial attemuation of the noise

£ g1045 Xjz2a will be obtained,

Tag der Bekanntimachung fiber die Ericifung des Patents: p. April 1938
The objective of this discovery is illustirated in the following

sketch,
Hans Eissfeldt Nfl. in Hamburg Fig. 1 shows a longitudinal view of the silencer in which the
walls, d, separate the hollow cylinder into separate chambers, The
Schalldampler Fir Handfenerwalfen chamber, b, is filled with porous material, followed by packing washers,

e, and the elastic ¢losing washer, na,

Fig, Z shows the view of the muzzle of the silencer with the
notched closing washer,

Fig. 3 shows 8 vlew of the silencer end attachable to the barrel
of the weapon,

Patent Claim

Silencer for a hand weapon is described &8s follows, The cloaing
packing washers in front of the hollew cylinder are to be made of a
material which is capable of tlesing the heole produced by the passage
Df the projectile. One of the divided chambers of the holiow cylinder
is to be completely filled with rubber sponge, viscous sponge, or other
8imilar porous material,
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Zu der Parentschrift 629 404
Fig. K. 72a Gr. 28
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Flexible Baffles and Spenge Bubber at the Silencer Exit
German Fatent No, 629404
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Patented Aug. 31, 1948

2,448,382

UNITED STATES PATENT OFFICE

2448 382

Warren . Mason, West Orangze, N. J, sstignor
to Bell Telephone Leboratsries, Incorporsied,
New ¥ork, N. Y., a corporatlon of New York

Applicatlon October 28, 1544, Berin]l No, 589,135
2 Claima, {CL B3—14)

1

Thix inventicn relatss ip firearms and moTe
particularly to a sllencer for reducing the muzzie
hlast.

The princlpai obicct of the lovention is io
reguoee the ooise assoctated with the muzzle blast
cf B firearm. Oeher gbiects are to reduce the
welght, slze and eost of a slleneer and “mprove
the stabllity of performanee.

Imporient factors o sllenocing the muzzle blast
of 2 Arearm are the rapld cooling of the power
gases and the reductlon of peessure before they
emerge. An  effective siiencer utilizing these
principles comprises 8 chamber contalning heag
absorbing matenal throogh whick the boatlet
passes. The effectiveness of such a device de-
pends, among oktler ihings, upon Iis Cress-sec-
tiona! area. Applicant has dl-covered, however,
that the importance of having a loTge cross-
seetbonal area dimlnlshes conskderably Lhward the
front end of the silencer.

In sccordance with the invention, therefore.
the chamber has at its front pd 5 seetinn ol
reduced cress-serbipnal aTes. Welght, size and
eost are reduced without =erigasly affecting the
eflciency of noise reduction. The silenceT may
be budit as an attachment or. prefcerably, the mear
portton of the chamber may e bt arpund ihe
barre! ¢f the Orearm. with ccmmunicating hotes
through the barrel. The heat absorbing material
may be mekal screen, which may take the form
of apertored discs, stacked ope upon another and
preferatly held in compression. Plat'ong the
screen with spme mets] sueh 85 ban before punch-
ing the discs will increase the stability of per-
Inrmance.

The mature of the myention will be more Tully
mnderstood from the following detatled descrip-
Bon and by reference io the accompanying
drawings, in which li%e relerence choracters refler
to simitar or corresponding patis and in which:

Flg. 1 Is B side viw, partly in scckiom, of &
sllencer [n accordance with the invention akb-
tached to A irearm:

Figs. ? and 2 are cross-sectlonal vlews, to larger
stale, of the sikencer of FIg. 1 taken along the
fines 2—2 and 3—3, respectively;

Plg. ¢ is a slde view, partiy in sectlon, of &
modified form of the siencer of Filg. 1 in whith
the rear portlon of the chamber ks bujflt arsand
the barrel; and

Mg 5 is p cross-sectional view, to larger scale,
of the gllencer of Fig 4 taken along the line B—%.

Flg. { shows one form of the silencer IR at-
tacked to the end of the barrel 1) of & firearm
1. The sliencer (0 ¢omprises a8 cylndrical

i

)

Hur

a0

Gh

2

chamber having A Tesr section |3 amd & frong
secthonr 20, Dot contain ng heal absorbing mia-
t=rial through which $he bullet passes wilh min-
lmum cleamance. The sldr walls of the TIear
zertion |3 are formed by the metal tube 14 which
15 securely fastened et the rrar 1u Lhe apertured
erwl piece 15 and at the front end is internally
threaded to receive the apertured connector 1T,
The heat absorbne material in the section 13 18
in the form of 8 humber of annular di-es 18 of
mrea! sereen stacked on~ upon another and held
in comor===icn by the connrctor (. The end
plece 16 iocludes as an integral part thereol an
intrenzlly threaded collar 14 which screws ondo
the threaded muzeic of the barrel 11 @ hold the
=tlenncer 1B secarely In position

The fmnpt section 21 comprises u metal tube 2%
seeurelv atizehed at Its TeAT to L conneetor k.
threaded ab its front £nd to receive the anoular
rod plece 23, and fillrd with aonular disce 34 of
metal screen. A forward sight 2% 15 provided
at the front ead of the silencer 10, In prder g0
save drawing space parts of the sections 13 and
24 have been remnoved. Fios, ? und 3 ATE CTOSS-
sectiprial views.

The elfectiveness of the silencer |9 depends
npon lts length and cross-sectlonal area. How-
ever, appiicant has found that the cross-sectional
aren may be redueed at the front end of the
silencer without a proportional reductipn In Hs
abblity to silence the muzzle blast. This Is due
to the Tart hat the powder pa~es have already
heern considerzbly lowered I trmperabures and
pressure before they reach the Ifrunt portion of
the silencer and o It Lakes o smalleT cToss-
sect'cnmal area to coonl them s piven sdditlonal
ammmbt.  Therefore, o eccordance with the in-
verition. the front s~ctien 21 hias a smalleT cross-
sectional ares then the sectipn |13, Purthermore,
the originz] effclener may be reslored by B com-
paratively slight additlon to the length of the
sllencer 1 There tesulka, howayer, a conslder-
ahle reduction in welght and volume. This re-
duees the cost of the silencer and, more Import -
antly. itmproves the balance of tihe firearm.

Figs. 4+ and 5 show a modified form of the
silericer I8 In which the rear sectfton 11 Is bullt
argyund the barrel 1) of the firearm 12, The slde
wolls of the section 21 are faormed By the mekal
inbhe ¥ which I3 closed Rt the rear by an emd
plece 1% securely [astened b0 the barrel |1 and
at its front end by An apertured and flanged
metial dirc 34, The seetlon 27 is substantially
MAlled xith hest absorbing material im ihe Iorm

63 of layers of metal screen 31 wrapped arpund the
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barrel 1i. ‘To permit the powder gases Lo anier L A xilenser for Arearms comprising g thamber ON 2,448 382
the pection 17 there are provided & number of lndnpluuutrntnnnuludlmurmtalncmn A“E' 31' 1948. W-P. MAS

holas 31 through the wall of the barrel 11, Thesa poaltioned within said chamber fransversely with SILENCER
mlr.tnrmm:ﬂ:.hdrﬂhdm.nﬂmmm rupacthuﬂmlmntudlm::ﬂathemf.mddlmm *

AITROEPI In four rows spaced DG degreesy apart. B being stacked one upon enother ler compres- Filad Oct. 26, 1544

mldlltnmnrtheﬂnthnhﬂrrmthebrmh slon and substantlally AMng sald chamber ex-
af the firearm 1) largely determiness the muexls cepl for m passagewny therethropgh providing
velocily of the bullet, assuming m given welght of oy minimum clearence for s bullet FIG.|
bullet and o given powder charge. It has een 2. A sllencer In mceordanes with ¢clatm 1 in
Tound thet, In order to save weight, the suter 14 which sald Jdiscs are plated with tin,

diameter of the standard barrsl may be tgrped WARREN P. MASON
down somewhat withoot unduly weakening It ¥ )
As shown, the saction 2T may be eccentrically REFERENCES CITED

meinied, with the Iarger part under the barrel The following references mre of record In (e
14, 30 thut it may be of larger dlameter without px fAle of this patent:
lnterfering with the line of xight.

The froni section 34 comprises & metal tube UNITED STATES PATENTS
38 Internally threade? at Its rear to CTew oot the Number Hame DiLe
threaded end of the barrel 11, Internally threadead 227 341 Zellmer _________ May 4, 128D
Rl Ita front end to recelve the mnoular end plece ga 1000702 Thurler .___________ Ang. 15, 1611
23, and filled with songiar discs 38 of metal 1,127,250 Humm _________ _ Peb. 2 1015
SCTRET]. 1,173 887 Thompson . _________ Peh. 29 1PL8
‘The screen 18 preferably plated with some mpetal 1220 675 Thompson __________ Jume 12, 1917
such, for example, as tin before the disca I8 and 1,331 474 Master ____ _________ Peb. 1T 1820
34 are punched. It hes been Tound that thix will g4 1,483 805 Maxim ___________ __ Peh b, 1824
largely overcome the tendency of the dises Lo 1,407 553 Dickman . _________ Juge 10, 1524
develop loose wire ends which might accidentally 1687 303 Paradise _______ _ __ Det 9 1023
come ints contact with the bullet ag it Pasgey L,B2B 545 Volgt __ ______ Dec. 29, 1531
Hrrough m-ﬁ, and ndfi-:lmmlz affect 'tiu- dlm:sinn 2042,731 Bourne _______ _____ June B, 1938
Ppatiern hales discs ROd BIE
preferably made only large enough to Insyre » FOREIGN PATENTS
clearanse for the bollst, Number Country Dates
What s claimed u: B85 157 Germany _____ Bept. 22, 1938
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United States Patent Office

—

3,138,991

Patented June 30, 1964

1

3158991
FIREARM MUZZLE ATTACHMEST AND FROJEC-
TILE WITIi EXPANSIRLE, DETACHAEBLE [IUSK
Richard L. Malter, 241 Occan Purkwiy. New York, ».F.
Filed Jan, 10, 1952, Ser. w0, 165,334
LClaim, (CL B9—14)

This invention is for a2 novel combination ey
charavterized as g firing picee. as For einmple, a refle,
which is particulardy adzpred W the firing of a husk bullet
aril husk shot.

Another object of the invention imvolves noyvel rneLhods
of prijecting such bidlets wilh a view o Mcleas'nz the
Ean e, aicaracy and r=ooil reduction of the ficzng piece.

As is well undersingd in the art of frearms, the merzia
of the ballet or projectile at the mement ol MT.NE sels up
STnormmi slresses i the bullst or projecole whizh LA L
EL 10 Iy e mowe off 1o ore sid or the e of the aais
of the bore of the weapon ard W wm so ax ko Causy b
o wobbie or vaw as it mosves Jown 1the bore an.l IS5 LIRS
From it

amce the convertmal buller s made rebeiavels s
A ductile s thar it wll proper!y crgape the riding of
the barrel ol the frings piooe. these crormog sl e ol
viise at 10 become deforms! and jeibalasced Lpon
1y eXil froen the bore of 1he Arine picce the Bul'et Telains
these dmclions or wobbing (nd cowcheld conditions, caus-
Ing a resultant undesizakble IMACSUTACY JF ranee.

These varios umdesited comlilinng and vilexts are in
creased the shoiter the bearing surface of the propctle
in relation 6o irs pverall lencrh

A importanl ebject of s iaventon is prot e
eiter a pernispert or remaovab'e A1z achnent Fae rhe hiierel
meyzle of o sids, for crzmpie. which peides rhe Fyller
bavk onre the axis of 1he zille bore arter s 2wt therefrom
arsl separatran from irs sk,

Additional ohjezts jncwle redizce: weight of husk Jue
o reduced length: Jncregsed dusillbty of husk due b <le-
creased bulk: redvced bearine surlace of the Byller roper
0 relalion w1 averd! Tengih Jue v the sirtesd cliog-
Imanen of acocierstion ar the muzzle: vl Increased wer-
sabilaty of attachment due 10 displacesble piwde nose
pDIELES.

A Turther whject 5 o pros 2 wich 2n attachment which
in combination with a husk Puleq i ereadly reduce the
reconl of Lhe gun.

Still aneiher obpect of the invenlion s to provide such
4n alzzchment which in comhie:acon with a bysk brifler
Wil serve 1 puotect the proje.Lile proper fzam the dis-
turbances paradly cansed by the Taiep cload of pases
al the tinwe of the sscamee of the Buller proper froog the
2uo amd its att, hmenr

A further object of 1his invertion s to proside such
&N attachneent whoh pernnzs of the use of husk halle1s
haeang & relztively shepner Pearmn surfuce of the husk, in
relation o theg onverd loncth mhile asoiiaeg the inac-
CUTETRS FeLlilng o bl s, wobbhiog and cocking
of the buller proper =encigted duting 1% pericd of ac-
veberannog;.

(Mher abizots of b nrertom iesiude el methesds
of accelerauing ar:d Ploeclong Puliels under conditions of
exirame aicuiracy

sll another vhizer s o Fros Jde acsel rwezhody of oh-
BTG Maim i reeoil necle s S0 T0mn,

Oiner and mere detailed Weoents 2 the neention will
Be apparent troey the fellowng descriphion af the em-
todiment of the rrvenien s s -0ed 50 the accompzming
drawinis.

in the Jriwines,

FIGURLD | 35 u verp.al. cemitral, crosssectional view
Though 4 portzca of o husk baller Crridige posiboned in

11p
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the firing vhariher of 4 rifle 1o hich the ant-mecoi! anl
2aaiine ol limeat o (0 rvenzion has Poon appland:

FIGURE 2 0y & swilar viewn of die murske cod pf the
Parre! <! owing the: hash Fublet cimgl o snwree from i

FIGE BF s o wmmlar poea shiing siccessive wiauney
of the Frnz oaed clustriring the separation pf 1he hualle
Propar oo B hesk ond

NGLURE 4 6% a soenilar s showiae g sdll Taiee alape
o the orersibon a: the et e, memeln jast after Bhe baller
Proper s ki 3 from the gnchnsent Ful with the husk
sitll o 2 Lrlechomenn aml mementaridy rapping the pases
behind ji.

The subjest mattes of chis invention hay s [reine
Uhilils i cociea wth the Ao of sk Follers.  Such
a bedier s ollasizsted e ene foem i the Areaines Litached
fezTena,

As llestraed m FIG. 1. ke hacnel 10 of i rille, for
vl woproci ol with i suitably rifled Fore 12 which
EOIMATE A tes with the firing chamber.

The sk boiber cansists of 3 <hort Chelimdrical of! met.l
cup I6 whiclk » ~ecnred aroumd 1he exiling eidig of i
prioyoctile preper I8, Lhis projectile will be mmle of L
af the muaernls itally svailable for tbis P poie, .
AL oF wiees imelade pelfer shee soch as TES B, N TN,
v The sup 26 con e made i varions Fornas, bl gs
tlusararsd. s of culindrical Toem wid longiodinally spifn
DI OPPesE L TR 5 opcn ond Al adjacent s
Clmed emdl ws % Cear from ENG. 5 ) his wip 25 Trunpel,
cemenit . or ofherwise crtached o the pFrisecile proper
232 20 FOTM a nmitagy assembidy prior o firing.

A i Ciear Troom FI6L 2 the exrtziezl diameker of the
€up 1 preperly adjusted o the bore of the rifle 1o formn
the sl AL while 1he prajzetile proper 2% s oF Lesaor
Jimeer and can bave <liflereni forns s For exarmple 3
long poiat 0: 2 short poial, as dlsiTaned. The lenxh
OF the cup 2A. s wilt aproar lacere, can Pu vonsiderahly
shorfer than woull ke Teguired an the posn-| cuse 1a PTe-
el oo teraing. rawine. and the like The ~hell
Propes Seosee FRe Bods of concse provided with The usund
explos v Lintenra ! NACE tap, Moi ~Hown,

In the form Mastraaed the tecminal vad 13 of ke Far-
rek LI s shown of redieced external iumener and pra-
vided with ¢xlernal threads by means of which 1he Jecte
15 of the sewnil urd puiding attachment s SeCUER L
by complenmatsry meTnal theeads. To e, 1he eril of
the sieeve 186 s internally theeaded 1o receive a vore or
nose parce 18 by means of complementary threads, as
shawn.  The core 18 is previded with o cvlindrical pas-
sage, 1the axiv of which lirs wm rhe aXkis of the bpre of
the barrel.  This Paasaze vcomsets of 4 truncased comical
section 20 and a concentnic cilindsical Fuwle bore section
& Thi dizmeter of the Elude Pore seilion 22 is Jess
than the dizmeter of the boge of thwr harral ond is pref-
erably rejated in its diameier 1o 1he dizmreler of the pro-
jechilz 28 so a5 1o provile a livhr pres, 6t thereuith, The
dixmeter of rhe entrarce equl of 1be conical porlion 2
15 £qual W the internal derxmeter of the slocie 16, s as
he [orm 2 simple Teansiiion poind therewith for a pur-

Pase W Pr explained later. The cylendrical preide Fore wee-
on 22 of the nose plece preferably hys 5 leneth ahour
equal to the lenpth of the bearing surfuce of Ihe bublet
proper I8

The skeeve 16 (s pron ided with o scries of radiaf pas-
SRS M which previde eacupe ports for rhe explosive
gases.  These pusaioes nay be of \sripes Torms such s
Cebindoical GpeThures, -lods, o e dike, apd they niay
Fe distriinited in v ariogs Palifrms ciccumferentially anow nd
ibe slecve 16 These Perls 24 correspend 1o the sirmgla
Dipe o pors aw wilely ized jn vaziots forms of eun
chokes, 12001 chriinator s, pprsle brabes amdd the like.
and, of volrs, 2. oo imes done. ther inay ke nande
adjlsiaCle i the Jischeree area.,

3, 13R.9b1
3 &
firing picce in accordance with this mventico FIG 4 iIIm:rgte.-; anodher :a:fl'-rapia_gr: of IuliIiLari.:fn l'f.-a-
. Whmhi X |§5-WE in the carmdge casing is activated in ire of the subject matter F'f ihis Imveniisn: as is well
js fored tl EHF;IH prneraling tremendous gas pressure be- koown in ihis art the exp!ﬂslj’c pases whch su:m:run-:! 1he
tt.':uslﬁ: ]Ek 1ﬁ'wnlﬂi"i"3 the projectile ZB. The hnsk trailing edpc of the projectile at ‘Ll:l-n_ fnument 1?1’ !.Jl.r.sm:
]';EJI:::E is therefore rapidly aceclerated down the barrel 5 from the basrel tend to engull H"ri!dl&“t;lb 1}*?;:“;5:; gi
2 1L : iImto the cuasing formed the projechle and 10 thut exeenk uce the ac _
10 int the vsval manner and moves m LB flight. As dlostrated in FHG. 4, the trapping of the ex-
the core 1B to a condition illos- izhi. s dlostrated . 4, £
hid ﬂ.;ﬂ‘ S]%EIE I?rﬁ ﬂﬂ s-L:En as ihe huosk bullet s peleased Dhevsave poses withim the a.t!ai:hmi:nl h]r_ the hu:r.!vz 26, ai-
EEI; tll:e: discharge end of the barvel ID, the husk 26 though momentary, s Sllﬂ'l'::;'lt 10 PET""E;T;FE Ii;l":_'J'?EU]F“iﬁ
o ieh ¥ iy - itarled om its Right beforp USE Iy el
forces atterslant at high sebocety, sepa- 10 1o per well st . . ; !
opens 1p under the iect o a1l the goses begin to escape. The result is that Jittde if
ially frem the preyectile 28, and slidex along amd the goses beg : suilt
ﬁﬂuftz:?;gﬂf;fi of the ;‘as;agc in Lhe steeve 16 until any disturharce of the flicht of 1he projectile resubts from
- : i : d of the cenical portion 20, ihesw pases. o )
- E'T]iﬁ::tcﬁmi; ﬂ]_{:l{-ll}w;ﬂ This causes the husk to be In view of the above description of one r:rniltmldltmt‘!'tt of
:;alti-::ly decelerated with respect i the projectile 2B, s0 15 this invention lustrating 'th:tlfl PTLRE lﬁlﬁ:s lhﬂmff- [i; “’lﬂ bf-'
it ardly as an independent apparen? 10 these shilled in ihe art tha maay of the serus-
that the projectile progresses cnwardly as an an tails herein disclosed can be varied withaut depart-
i i ssake 22, This passape being sccuratelv terak detials herezin =] ed , _
qutﬂiclni?i ﬂi;ﬁ i:l?uzﬂais of the h:'rre:l am] havine a lipht ek from the novel scbject matter of fﬂus u:ﬁ-r::_ruu:.-l:‘.T I:!e lds
: . : PR i L ; I, thetefore, that the scope of prowclion afor
press h the projechle 28 steadies if, laking away prefecred, €, ol _ :
o '{“ :thuhhelilfgr ljsr off covrse mwvemenl that it may 20 bereby be determined h1_,r_ll1-|: ::Ia_un as 1he sefected em
LW e Fodiment is provided for ilustrative purposes omby,

. ime the decelerated husk 26 blocks the What is claemed s o ——
mu‘:'::rﬁlitszlfn?hle f:[ﬂmive pases isstung from the barrel A frcanm comprising 1E Cﬂmh:ﬁ'“‘m_ I';- ':?;f;:g‘;;s
Ty e o rosmre T faransile, Sechabl sk s o sdproscte i
gases therefore tend (o di&ﬁ]tan;:c through « e pors al = lueali Fi [el |, separable, curved wall portions, a
an increpscd velociy which discharge comtinees zmd s plucaiity of inlegral, sep e bore and a projectile sta-
aided when the coniion illusirated in FIG. 4 is reached pun barrel having a projectile " P havi

- Y nd bilizing means a1 the exit end of said barrcl havine an
phere K sk e b forced o b g bove 22 and - blliog means = te et med of i bt i g
through the ports 24. It will be apparent, therefore, that 30 ing a chamber with an internal dmnmte_r geamr_th_an that
lh:mug‘nimu£ of rccod afforded by this device is en- of said bore, sard ymeans baving a projstile Euiding exil
;mm::ii by ibe momentary forward decelerauon of the passage ha'rmg a [hamet;r lexs '.th.ﬂll l]’tit_l ﬂfj Sﬂld;ﬂfﬂcimf

kfly moving exploswve pases and their eesullant in- F'm""fjmg 4 h‘gm.]"ﬂﬁ tf.ﬂr said project ANt a .

TApHEELY l -[". discharge laterally through the poris 24. pressiom {it For sard hesk, sa_ul means also having a conical
ﬂﬁgvi:ﬂi}i[ will be seen that as the expanded husk 3% passage converging into sa:d exit Fﬁ:ﬂ#:‘:ha“"__' dm}.‘:&gﬂ 'f
26 reaches the tapered passane M it wili be grodually conlract saad husk J?[:rrl mu}'cmelél I r::lus dﬁ-fl-lmi"-. nlE{f:
contracted or closed back so its ariginal oondarion. In m_"d hask bemng :i::_lm: wed ll_r:Ean EEE-': © nr:;lr- I:E arad
additien 3t will he compressed as the foree of the gases with the wall of Eﬂdft!lm 3 ;znrl-r.‘!r ltrﬁiﬁ r‘rl:i':wemenl
drives it throwgh the guide bore passage 12._ The hu;k ‘0 delayed 335{ 5:11:4 L?mul E:::;?Ig; E:;JI' m'“:::lﬁl-:
being hollow anmd of soll, deformable, ductils rmzteral theough s3id exil passage sald P _]1 -
such as copper, for example. can be sgueered or con- References Cited in the file of this patent

ed sulficiently so that ¢ will e foroed Ihr-mlg_h t?ll: , N S PATENTS
gﬁifi-: bare ;:aﬁm;e 22 and epected behind rhe projectile UNITED S5TATE

28. During the period of compression and ejection of ReBS3  Peff . ﬂ;‘-‘zﬁ- Egg

the hesk the exploseve pases wall be pelatively impedel in 2.112,331 Cuwrs _____ . P I-Ei 1932

their forward motion, thereby increasing their endency, g;:igég }-‘:;-F;k-—{—i ------------ MEJ; ey (243
o : , e : h:pgher L) e o el al . . b,

a5 previously explained, to being ejecied at even hig TRAZ02E  Mutter T July 8 1958

velocities through the ports 24.
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Frted Jan. 10, 1962 * RELATIVE LOUDNESS OF DISCREET SOUND PULSES

Presently there exists no analytical criterion for estimating
loudness of a transient secund signal from its pressure-time history,
The usual means of measuring and specifying such signals is by their
2p peak SPL's. Since loudness of a discreet sound signal 15 also time
FIG 2 dependent, it 1s important to re-examine the gualitative s1gnificance
of this dependence. The most reliable and revealing data are to be
found in the commonly used equal-loudness-level contours for con -
tinuous pure tones, 26 The frequency range below approximately
200 cps is of little use here, since the single cycle time periods
of these tone are well above that to be found in small arms sound
signatures, Within the frequency range from 200 to 8000 cps, the

el LT loudness levei {phons) of a pure tone of riven SPL is approximatel
SSTUCTNY R = FIG. 3 ind d f ip ] Eb 5 1o, the loud o level d ’
— T o : o8 1ndependent of irequency, ove this range the loudness level de-
. T Wmﬁé .- creases,to a first approximation, directly with freguency. All
1657 B atlempts to exemplify the human ear by a dampec spring-mass system
o seem to fail in explaininpg the above Irequency-loudness relationship,
r'E "ji_iln. WL | FIG 4 However, through inductive reasoning, the whole leudness level spec-
N . e % ' % 29 trum as described above can be reprsented by
ot s
=N 2 NN\ ’
10 6 S . LL 20 lo hons (1
S v e log —aneT P }
and
f > 8000,
P f-38000
- 30 ). hons 2
0 LL =20 log —_7 (5535 p (2)
s
where

s 26 ‘28

LL = loudness level in phons;

P, = Peak sound pressure;

I = pure tone frequency, cps,

The pressure-time ares {Jpﬂt} of the positive half-cycle of a sinus-
oildal tone is
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P i [T/ 2)
A= .m _ =Pm
i T 3
where
T/2 = 1/2f, half-cycle time duration

Thus, the louwdness levels can be defined in terms of the recurrent
character of the pure tone i. e, ,

LL a5 20 log Pm

200 < £< 8000,
. 0002

(4)

LI & 20 log Pm

f- BOOO,
. D002

Agoo - A
-3n{$ )

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

200 < f < 8000, Ll s 20 log om0

% 0002 (5)
Prn (T/2) - {T{2)
> 8000, LL =~ 20 log — 0 - 8000
£ . DDOZ [ {T/2)
B0
where

(TIE}BQUU = IJZ{BDD{J} = . 063ms.
The last equations indicate that:

1. Up to approximately 8000 cps, the tone loudness level is
esgentially equal to peak 5FL,

Z, 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:

P

.03 ms< t <2,5mg LL a3 20 lug—[ﬁn——ﬁi
' (6)
. 063 —t}

t <.063 ms, 063

190

wheTe

t = time duration of the sound pulse in ms.

This suggests that the loudness level of a2 sound pulse longer in
time duration than approximately D.063 millisecond is numerically
equivalent to the peak SPL. The loudness level of a sound pulse
shorter in time duration than 0.063 millisecond decreases approx-
imately as its time duration. This is partially borne out by the
records of silencers fired at Frankford Arsenal and partially by the
widespread tendency to specify transient sounds by their peak SPL.
Although qualitatively significant, to date the above eguations are
based only on 2 somewhat boldly assumed analogy belween transient
and continucus sounds.

It is interesting to note that the ""loudness level' (phons) is
not representative of how leud a sipgnal scunds., 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 = 1p-033{LL - 40) (7

where

[. = loudness in sonean,

From previous analysis, if the sound pulses to be dealt with
are longer than 0, 063 millisecond, the loudness in sones can be
represented by, 1

I 40

which 15 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 SFL and how loud the signal actually
Bounds, As an example, a signal of 102 db peak SPL sounds twice
&8 loud as a signal of 90 db, since the latter is half the number of
sones of the former.
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3 133 991

HFatents

- United States

Title

Silencer for Guns

Firearms & Ammumtion Therefor
Exhaust Silencer

Silencing Dewvice for Firearms
Firearms

Climb Arrester

Muzzle Attachment

Muzzle Attachment for Guns

Silencer

Damping Appratus for Prevention of
Noise, etc,

Silencer, etc,

Sound Muffler

Date Inventor
5 Feb 24 H, P. Maxim
18 Mar 24 R. L. Detendorf
10 Jun 24 J, Dickman
10 Feb 25 L.. E. Wurtzbach
15 Sep 25 0. Walker
2 Nov 26 R, M. Cutts
2 Nov 26 R, Steinegger
19 Jul 27 Cutts
24 Apr 28 W. R. Bluedorn
19 Nowv 29 H. P. Maxim
10 Jun 30 Z, Wilman
19 Aug 30 Z. Wilman
30 Aug 32 W. P. Mason
19 Dec 33 L. F. Hopsetter
23 Aug 34 0., G. Noblitt
12 Feb 35 5. H. Morgenstern
9 Jun 36 R. B. Bourne
20 Jul 37 M. E, Evane
14 Dec 37 5. &, Green
14 Dec 37 S. &G, Green
5 Apr 38 R, M, Cutts
6 Sep 38 5. G. Green
10 Jan 39 M, J. A, Galliot, etc,
14 Mar 39 5. G, Green
26 Dec 39 Huphes
27 Feb 40 Hughes
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Muzzle Attachment for Guns
Muffler

Exhauster for Internal Combustion Ergine
Sound Attenuating Device
Projectile

Muzzle Attachment for Guns
Muzzle Attachment for Guns
Compensation for Ordnance
Muzzle Attachment for Guns
Recoil Absorber for Firearms
Muzzle Attachment for Guns

Title

Recpil Absorber for Firearms
Gun Silencer & Scavenger
Control Device for Control of Recoil

Suction Muffler

Fluid Silencer

Silencer Construction

Muffler Device

Gun Stabilizer

Stabilizer for Guns

Gun Silencer

Respnator Silencer

Sound Suppressor

Silencer

Silencer for Firearms

Compensator for Guns

Silencer & Recoil Reducer, etc,

Silencer with Flat Semicylindrical &£x-
nansion Chamber

Gun Silencer Including Side Branch Chamber
Flash Eliminator & Silencer for Firearms
Discharge Silencer & Recoil Compensator
MNoise Reducer for Gun

Projectile

Patents - United States
Date Inventor
27 Feb 40 M. J. A, Galliot, etc.
16 Jul 40 J. L.. Brown
27 Aug 40 R. H. 5. Hughes
27 Aug 40 R. H. 5. Hughes
1 Oct 4D J. Sauer
2b Nowv 40 N. J. A, Galliot, eltc
4 Mar 41 E.. B. Bourne
13 May 41 ¥. E, Deremer
19 May 42 A, J. Ludwig
2 May 44 A, M. Dow
13 Jun 44 S, G. Green
R MMay 45 R. B. Bourne
g Jul 46 E, E. Wilson
8 Jun 48 W. P. Mason
31 Aug 48 W. P. Mason
2] Sep 48 B. Walker
19 Oct 48 J. E. Sieg
4 Jan 49 A, Bauer
21 Mar 50 P, E. Bessiere
11 Apr 50 R. Janz
11 Jul 50 . H. Faust
13 Jan 53 C. P. Caulkins
13 Jan 59 W, J. larrett
26 Mavy b4 B. Batou
30 Jun b4 R. L. Malter

Firearm Muzzle Attachment & Projectile



c02

£02

Mo,

12, 850

74, 157
401. 168
492, 535
493 462
498, 3139
S10. 683
k34, 990
bd4_ 379
647, 561
684, 938
737.125
786. 143
786, B95
B56, 238
B58. 032
B64, 735
BH6. 587
911. 148
918, 658
981, 732
381, 869
1. 003, 025
1.021. 270
1.123. 835

Date

26 Now 1D
17 Sep 17
20 Aup 09
25 Mar 19
T Aup 19
8 Jan 20
9 Dec 2D
3 Mar 28
S Aug Z8
26 Noy 28
2 Jul 30
7 Dec 32
2T Aug 35
11 Sep 35
18 Mar 40
15 Now 40
3 May 41
20 Aupg 41
28 May 46
14 Feb 47
30 May 51
31 May 51
14 Nowv 51
26 Nowv 52
18 Jun 56

Patents - France

Inventor

M.R_A, Moore
E., Berthoud

M. H, 5. Maxim
E. Rossignol

M. I, Barlowat=z
M., R, Brevpaire
M. J. Brun

M. L. Bielecki
J., Duchenet

M, F. Wilman
M, J, Vergne

A G, I R,
Kagan, etc,

. G, Caron, etc,
Liberia

. Chantreux

. Paister

.C.F, DuBois
. Marcel

J. Stapelle

A, F, Guarniery
A, Mouret

A, Silto

Baer

M. Lefebore

VP

4

Patents - Germany

Silencer
Silencer
Silencer
Silencer
Silencer
Silencer
Mlencer
Silencer
Silencer
Silencer
Silencer
Silencer
Silencer
Silencer
Silencer
Jilencer
Silencer
Silencer
Silencer
Silencer
Silencer
Silencer
Silencer
Silencer
Silencer

E Date

B 453 5 Jun 28
144 415 3 Mar 01
150 359 20 Dec 02
172 498 21 Sep 05
121 758 Z Jun 19
210 314 19 Apr DB
212 126 14 Feb 0B
214 226 3 Nowv D8
215 488 16 Apr 08
231 957 4 Sep 09
241 846 11 Jul 09
298 935 19 Jan 15
301 229 30 May 16
303 306 Z Jun 17
314 192 4 Aug 17
314 842 29 Nov 17
316 274 25 Oct 18
317 577 9 Jan 17
351 b625 1 Dec 17
6529 404 3 Apr 36
665 167 4 Mar 36
695 929 Z8 Feb 39
732 487 20 Apr 38

Title
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Title

Improved Silencers for Guns

Gun Silencer & Muffler

Silencer for Small Arma

Inventor
C, A, Aeppeli Silencer
R.. Schult= Silencer
H. Bandish Silencer
F. Hauesner Silencer Attachment
A, M. Low
B. Gavriloiff Gun Silencer
E, K, Kloesx Cun Silencer
W, Kristandt
P. Schader Gun Silencer
P, Klan Gun Muffler
C. Billerbeck Silencer
P. Schauer Silencer
F. Stendenbach
B. Hass Muffler
. Hoffrmann Gun Mufiler
K. W. Hess, elc Silencer
K. Schenkl Muffler
G, MNothiger, etc. Muffler for Pistol
W. Altendort Muffler
H. Eissfeldt Muffler

Sewais Silencers, Litd.
K. Behor
W. Klaus, etc,

Absorbtion Material

Silencer

Silencer & Muffler



vOZ

Mo,

104 199
125 148

166 851
308 572

498 775

581 974

Z0 302
47 405

35 748

41 383

q0?¢

Date

21 Feb 17
17 Apr 19

28 Jul 21
1 May 30

13 Jan 39

31 Oct 46

3 Dec 08
30 Apr 28

15 Mar 26

1 Oct 09

FPatents - England

Inventor

E. W, Thompson
D. Samia

J. Taliaferro
Coll. Worobjeff,
D.5, 0.

F. . Barnes

W. A, Kulikowski, etc,

Patents - Norway

H, P. Maxim
Bror Witt

Patents - Denmark

[. 5, Anderson

Patents - Augstria

F. MNMemet

=
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Title

Gun Silencer

Imprevements in or Relating to Mortars
and Like Firearms

ImprovementsinSmallArms & Machine Gune

Improvements in or Relating to Silencers
1n Firearms

Improvement in & Connected with Attach -
ment to Firearms

Improvements in & Relating to silencing
of ¥irearms

Silencer
Silencer

=s1lencer

silencer

Patents - Italy

MNo,

401 D2]
401 755

402 478
415 686
477 688

Date Inventor Title
2 Jan 43 A. B, aTorino Silencer
30 Jan 41 ... M, aCastel Silencer
Yerres
10 Mar 43 E. A. aMadellio Lario Silencer
2B Oct 46 E. &G, aBologna Silencer
27 Jun 52 A, T, aGrisoclera Dissipative Silencer
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