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INTRODUCTION

Throughout the history of firearms, gun noise has been of con-
siderable concern to the military. Prior to firing, anticipation of the
ear shattering effects tends to make the gunner flinch, resulting in
a consequent deterioration of his aim. After firing, the gunner is
usually in a state of temporary deainess., To the enemy, gun neise
reveals presence and, often, the location of the firer, thus inviting
defensive or offensive reaction. From the above alone it becomes
evident that a ''siient'” weapon is to be found indispenable in covert

operations.

Of the various noises associated with firing a convention.l
small arms weapon, the most significant is the muzzle blast caused
by escape of propellent gases afier the projectile exits from the
barrel. Hurndreds 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, elffort, and
interest, no completely satisfactory silenced weapon has yet been
produced,

The lack of theoretical literature on siiencing a firearm testifies
to the still inadequate understanding of the principles of sound gener-
ation and attenuation in a small arms weapen. Perhaps the failure to
theoretically define noise problems can be attributed te the virtual non-
extstence of thorough and reliable experimental sound data from
existing silenced and unsilenced weapons., This lack of experimental
data is partially due to only recent development of adequate sound
measuring equipment!®® and partially due to the complexity of the
problem.

This report is intended to give an insight into the present state
of knowledge of silencing a small arms weaoon, Essentially, the
contents consist of physical, functional, and acoustical data on an
array of silenced weapons felt to be representative. The sound eval-
uation presenied here is cursory, primar:iy because of the complexity
of the problem. First, the gun muzzle nois= is only one™* of the many
possible noises being generated by each given system, Second, the
sound of interest is directional and attenvztes nonlinearly with distance,

T —

*See Bibliography.

%
See, for example Appendices A and B
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greater in magnitude, In many unsilenced weapons this muzzle

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

gas pressure behind the exiting projectile 1s low with a2 correspondingly
low Tesulting sound pulse pressure, The spund pulse 15 again similar
in shape to the precursor pulse; however, it may be further modified by
wave reflections within the silencer,

Blow-by 1s the leakapge of propelient gases past the projectile
while it 19 still inside the weapon, This condition occcurs 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 larpge that a good portion of the
propellent gas escapes prior to projectile exit, and blow-by represents
a significant sound source in the system, The blow-by sound pulse is
generally a positive shock, followed by an exponential pressure decay.
In come cases, when the projectile velocity is high, the blow-by can
arrive at the silencer exit at almost the same time as the projectile,
In this case the blow-by sound pulse will merge with, rather than pre-
cede, the main gas discharge sSound pulse.

Theoretically, a gas or air jet discharging into the atmosphere
at a steady rate should not generate any sigaificant noise., However,
due to turhul&nce}o vprticity, and reverberation withun the jet orifice,
some [low fluctuation usually does occur. In some cases, this ilow fluc-
tuation is a significant source of noise (iet planes, turbines, etc., are
examples). In silencers, jet noise is generally substantially lower
than precursor, blow-by, or blast nocise. Howewver, in some silencers
the jet noise becomes predominant, This is especially the case when
precursor, blow-by, and blast effects are substantially atienuated,
as in the Maxin and Sten gun silencers. The jet noise can alsoc become
significant when the silencer baffle spacing is such that the baifled
chambeaer resonance corresponds to the natural frequency of the dis-
charging jet. In such cases both the amplitude and the dominant fre-
quency of the jet neise 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 given sould pulse are primarily dependent on the
area through which a quantity of propellent gas or air is di echarged
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 prediclt the gas discharge
from the muzzle prier to projectile exit, considerarion must also
be given to blow-by clearances, volume, and internal coanfiguration
of the silencer, The pas discharpe rate of a prassurized chamber or
tube is determined by both the discharge area and the stapgnation
pressure ol the gas. ¢ The stagnation pressure varies inversely with
the volume containing the gas. Thus, the silencer volume bacomes
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, although often
other factors also become significant. With the precursor wave,
much lower pressures are encountered, and the more dominant role
is played by silencer length, %%

The propellent gas pressure can also be reduced by heat ab-
sorption., Une method of effecting substantial heat absorption in the
silencer is to increase the contact surface between the hot propellent
gas and the heat absorbent silencer material. The heat conduction
15 maximized by using materials with high heat conductivity {=.g, ,
copper is geod) 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 absorption is limited by the short ballistic
Cycle times encountered in small arms weapons.

Another method of effecting larpe heat losses in the silencer is
1o introduce a foreign subatance, prelerably a highly volatile solid
or liquid, into the propellent gas just prior to projectile exit frum the

*ﬂppendix -
&
*ﬂppendi:-.; D



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

presumably successful application of this technique is to soak the
silencer wire screemning in oil. Water is also usable, but may pres-

ent corrosion problems. The general principle, although not thoroughly
investigated in the past, seems to have good possibilities.

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

Several exceptional silencing techniques® deserwving mention
may now be added to the above described principles. H. P, Maxim,
in the early 1900's, patented and manufactured a relatively successiul
silencer with specially formed baffles. These baifles channeled the
expanding propellent gases into a peripheral motion within the silencer,
The generated vortex reduced the pressure at the center, thus reducing
the propellent gas discharge rate from the silencer, Although to dale
the principle lacks conclusive thecretical and experimental verification,
superficially it seems sound. Except for the vortical gas motion, the
Maxim silencer performed according to the principles previously

described.

During World War II, Germany developed several experimental
silencers, One interesting versicn incorporated «onical baffles, equally
spaced along the silencer and inclined rearward. Although this tech-
nique would not be expected to reduce the initial propellent gas dis-
charge rate aiter projectile exit, 1t does have a natural tendency to
reduce the precursor and the blow-by, This reduction can be attributed
to the efficient inward reflection of all cutgoing pressure waves within

the silencer.

Some of the above German World War II silencers inc orporated
a flexible (sponge, rubber, etc,) disk at the silencer exit {patented
1936 in Germanvy), The disk closes off the internal silencer cavity un-
less forced open by the exiting projectile. In this way the propeillent gas
is retained within the system until it slowly seeps out. The rigidity of
the disk ideally would be such that the precursor, blow-by, and ex-
panding blast pressures would not deform it and yet the projectile could

#Appendix E

force its way through., A variation of the technique is to distribute
a series of these flexible disks throughout the length of the silencer.
This design was utilized in some versions of British World War II
Sten guns and Welrod pistols,

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

A few of the early silenced weapon patents described mechanical
means for restricting the rapid propellent gas discharge after pro-
jectile exit from the weapon. One of these prescribed the use of a
metal gate to close the gun barrel immediately after projectile pas-
sage. The gate in this case was to be driven directly by the propellent
gas following the projectile. Other patents described the same
principle, but added a side-branch, gas-driven piston to activate the
gate. Another patent described a weapon in which the projectile was
driven by a piston of slightly larger diameter, The piston was to be
stopped at the chocked barrel muzzle while the projectile would pro-
ceed to exit. In this way the piston would trap the propeilent gas inside
the gun barrel. The patent did not prescribe an expedient method for
extracting the ptston from the barrel. ©5till 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
released through small openings in the chamber. Hlthc}ughﬁll of the
above techniques seem sound, more often than not they are plagued
by insurmountable design problems., FEven if the abovs systems conld

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

DESCRIPTION AND EVALUATIONS OF
SILENCERS TESTED

- dAn array of readily available Bilencers and silenced weapens was
ed al Frankford Arsenal. Sincetheinformation was collected over an

T



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

at distances other than five meters, All measurements were made

with either a Bruel and Kijaer{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 photegraphed tor
record, In a few cases the weapon sound history was first recorded

by a lape recorder {Ampex 351) and then transferred to the oscilloscope
and the camera film. In each case suilicient 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 ricrophone, preamplifier, recording
equipment, and recording technique were [ound to have 2 paramount
effect on the validity of recorded sound data, Some microphone
systems were found to have insuificient response while others dis-
torted the signal with rescnance. Soth Altec and B&K microphone
systcms showed a proncunced 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, bolh gave relatively comparable results for
the purpnse at hand. The tape recorders are generally not recom-
mended for recordinp shock type sounds, primarily because of their
slow response [usually not higher than 20,000 cps) and vulnerability
to overloading., With care, however, useful data can be recorded,

Anpther problem eacountered during the tests was the sound
reflection from the ground, 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 having
traveled a lonper distance {rom the source, Consequently, it was
found necessary to place the microphones and weapon sufficienily far
from the ground to insurec receipt of only the primary signal, The
further frorm 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 subsonpic ammunition, available commercially. Some
systems, however, required special reduced charge cartridges. For
tests, these rounds were prepared with appropriate type and quanfity
of provellant 12 vield projectile velocities substantially below the
speed of sourd, Since in some cases the projectile velocities intended

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

pared and tested ammunition may have deviated slightly fro e pre-
intended. I is doubtiul, however, that this factor {:uuf; si I:ft_hat
alter the scund results presented herein. Some sysiems Eu-;i:;cantlﬁf
the Sten gun, were designed for standard T — &mntnmt- | as
these cases the barrel usually had propellent gas bieed hu}ﬂslfl:.reln

duce the internal pressure, thus reducing the projectife muzel
velocity. ?

It 15 appropriate at this point to describe the methods whereb
the weapon's major noise constituents, listed with each of the fDllEﬂ?
ing sound scope traces, were identified. In most cases the first .
step consisted of examination of a sufficient number of the we::L on’
scope traces to establish the recurrent character of the mveralfu::l "E
on noise, WNext, scope traces were taken with the wihocle weapon —
cepl the muzzle, wrapped with attenuating material {a suede 1&%5::?{5
_]a.::ketl was found to be a remarkably good attenuator). Noting o
tih-e 'nmae Components on the trace thus attenunated or compietely e -
hn.nnated, positive identification was made of the weapon's bre};c‘h
]]EF-IEE and the {irst noise emitted from the weapon muzzle Fu]_:'t;:}wi T
thzs, scope traces were made with the weapon muzzle ta;;ed Dver u;i

heavy elastic tape, This determined the relative

exit from the weapon. time of projectile

* The mechanical noises due to the weapon hammer and firing
pin fall alone were determined by dry firing the weapon, In w - ;
‘Wlth: detachable silencers, the Precursor shock exit tirn:e Wa 5 :EDH&
;Ja:;shed :fr-::um scupe traFes of the weapon fired without the silencer,

» AN Impulse-time diagram was constructed from
trace of the overall unmodified weapon noisge, This established an

approximate relationshi
p between the propellent gas dis '
of the weapon and and the scope trace, ° SR, i

the scope

; : =~

kr:l;l;ﬂ weapm} during the_: ballistic cycle were calculated from the
: nor estimated projectile travel-time history

calculated and experimentally established data

of the major WEAPpODHN noise sources listed with t
SCOpe traces,

ﬂn.a.lysis of all
led to identificalion
he following sound

in practic
P €, all sound measurements and loudness judgements

are made i
in the presence of some type of background noise. Although

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



by the background noise, presently there 1s no satisfactory means for
predicting this masking effect, Howewver, it is known that when the /\J
sound pressure level {(SPL} of a continuous signai exceeds the SPL > I\E:I,.—-"
of background noise by more than 10 db, the effects of background
noise, for all practical purposes, can be neglected. If the same
criterion 15 assumed {or {ransient nonises, then masking of the weap- A
on noise by the backgorund noise should become significant only when -

the background sound pressure cxceeds about a third of the weapon Wit
sound pressure. All Frankford Arsenal scund traces were made with |
the background noise well below this lmit.
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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 uanknown,

il

B8 [F1 i

The all-metal silencer tested (Figures 1 and 2) was adapted to
a caliber , 22 Hi-standard semi-automatic pistol by threading the
bartrel. 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 I
baffles and to provide an initial expansion chamber. The projectile ‘
g
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passage diameter throughout the silencer was 0,28 inch, Outside,
the silencer diameter and length were, respectively, 0.94 and 7. 31
inches, Table 1lists some afthe more important physical and func-

tional parameters of the Hi-standard pistol and the "French" si-
lencer. g
L1
Figures 3 and 4 show scope traces of the sound pressure-time i
history of the pistol without the silencer firing a L.ong Rifle cartridge, | al
Thetraceswere recorded five meters from and direcly to :che si'r:[e:- of the L . -
pistol muzzle, The three primary acoustical efiects - primer initiation, : l :

LS

precursor shock exit, and propellent gas biast - are distinctly visible on 3
the traces, The highest sound impulse and peak spund 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.

< 11

.22 Hi-standard Pistol/French Silencer

Cross section, Caliber

Figure 1.



TABLE 1, <Caliber .22 Hi-standard Pistol/Freach Silencer

Projectile

Weipght { L.ong Rifle) 40 pr
Diameter 0. 225 in
Velocity [at silencer exat} 1050 fps=s
e Energy [at silencer exit) 98 ft-1b
o Travel at peak ballistic pressure [estimated) 0. 4 inch
~ Travel in barrel 7.0 inch
N Travel time in barrel 0.65 ms [approx)
*ﬁ T ravel time in silencer 0.55 ms
o
er: Propellant
E Weight (double base, flake, web .. 0,003 in,) 1.7 gr (+0, 2 gr
o primer)
) Chamber volume 0.016 in, 3
o
o Ballistic pressure
™ Peak 24, 000 psi
.E At barrel muzzle {estimated) 1,000 psi
|
It Silencer
o Passage diameter [(for projectile) 0,28 in,
i Weight 0,25 ib
‘- Free volume 2.38 in, 3
L
3 Pistol weight {without silencer) 2,75 1b
~ Time between precursor and projectile exits from
> silencer {estimated) 0.95 ms
=
20
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@ FPrimer Initiation

@ Precursor Exit from Barrel

{E) Projectile Exit from Barrel

(:) Ground Raflection

Figura 3,

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

(Unsllenced), Using Long Rifle Cartridge
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Primer Initiation
Pracursor Exit from Barrel
Projectile Exit from Barrel

Pracursor Ground Raflaction

y = 540 pbars/cm
x = 0,5 ma/en
1 om* ] major division

Microphone: B&K 4135

Ly = 98 db
Lg = 113 db

Ly = 136 db

y = 108 pbars/cm
% = 0,5 ma/cm
1l cm = 1 major division

Microphone; B&K 4135

Ly = 98 db
Lp = 113 db
Ly = 136 db

Sound Prassure«~Time History, five meters to glde, Caliber .27 Hi-gtandard Pistol




The sound signature of a Hi-standard pistol with the French
silencer and using & Long Rifle cartridgeis shown in Figure 5. In this
casethe sound pressures were substantially lower than withthe unsilenced
pistol. The firstdistinct sound perceivedduring the firing cycle was a pulse
{pt 1, Figure 5) generated about the time the firing pin hit the primer.
Since at this time four successive functions - hammer {2ll, 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. However, experiments with other systems indicate
that, generally, by far the loudest pulses are generated by the gas
leakape around the cartridge case and by the hammer fail. The
firing pin striking the primer is generally somewhat louder in weap-
ons without a hammer,

The next sound after primer initiation was the precursor wave
exiting from the silencer muzzle. This sound pulse {pt £), because
of its low amplitude, is barely distinguishable in the trace. Shortly
after the precursor, the blow-by pressure wave {generated by the
leakage of propellent gases past the projectile) exited, Exit of thas
pressure wave gave rise to a pulse of 117 dp peak SPL, The pro-
jectile exited the silencer 0.3 miilisecond after the blow-by wave.
Its exit was followed by the main efflux of gases, which resulted in
the positive pulse of 119 dp peak SFPL. Following the projectile
exit and initial gas efflux, the steady discharge of propellent gases
gave rise to turbulence which, combined with reverberations within
the silencer, generated a prolonged noise [pt 5) ot appreoximately

10% db peak SPL.

Sound signature of the caliber .24 Hi -standard pistol without
silencer, firing a Short cartiridge, 18 shown for reference in Figure

0.

Caliber . 22 Silenced Hi-standard Pistol

During World War II, the U. S5, Infantry Board established
interest in silenced weapons, 37T A variety of weapons, including the
silenced caliber , 22 Hi-standard pistol (Figures 7, 8, and 9, and
Table II}, were glven consideration, It was concluded that all si-
lenced weapons were bulky and still detectable at close ranges. DBe-
cause of low lethality, it is doubtful if the Hi-standard pistel described

herein found very wide application,
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Microphone: B&K 4135

s

Ly = 100 db

1) Primer Initiation

Ly ¢ 95 db

@ Precursor Exit from Silencer

Ly = 117 db

(3) Blow-by Exit from Silencer

Ly = 119 db

iﬁ) Projectile Exit from S54ilencer

Ls = 105 db (average)

@ Propellent Gas Discharge Turbulence and
Reverberations within Silencer

Sound Pregsure-Time History, five meters to side, Calibar .22 Hi-standard Pistcl/

French Silencer, Using Long Rifle Cartridge

Figure 5,
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8l

Primer Initiation

Precuxrsor Exit from Barrel

SXCHG,

Projactile Exit from Barrel

Pracurtor Ground Reflection

®

Figure 6.

y = 108 ibars/cm
x = 0,5 mg/cm
1 em - 1 major division

Microphona: B&K 4135

Ly = 101 db
Ly = 113 db

L3 & 135 db

Sound Pressure-Time History, five meaters to slde, Caliber .22 Hi-standard Pistol

(Unsilenced), Using Short Cartridge (29-gr projectile; velocity, 1050 fps; peak

pressure, 16000 psi)
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TABLE II. Caliber .22 Silenced Hi-standard Pizstol

Projectile
Weight (Long Rifle)
Diameter
Velocity (at silencer exit)
Energy (at silencer exit)
Travel at peak ballistic pressure (estimated)
Travel in barrel
Travel time in barrel
Travel time in silencer

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

Chamber volume

Ballistic pressure
Peak
At barrel muzzle [estimated)

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

Gun barrel and pistol weight

40 gr

0,225 in,

930 ips

75 ft=lb

0,4 in.

b, 2 in,

0. 65 ms {approx)
0. 22 ms

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

24 D00 psi
90 psi1

0,234 in,
0,63 1b

1, B4 in, 3
$, 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 bas [our longitudinal rows of '"bleed' holes, 0.125 inch

in diameter and spaced 0, 250 inch apart.

The primary function of

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

speed of sound,

22

The silencing tube surrounds and extends beyond the pistol
barrel. At the rear it is attached to the threaded receiver extension,
while at the front it terminates with a threaded cap, Inside, the
tube contains a roll of brass wire mesh surrounding the barrel and
a stack of wire mesh discs extending beyond the barrel muzzle, The
wire screening is presumably intended for cooling of the propellent
gases, Projectile passage through the front portion of the silencing
tube is 0, 234 inch in diameter, The silencing tube diameter and
length [beyond gun barrel) are, respectively, 1.0 and 2,5 in,

Figure 10 shows the sound pressure~time history of the silenced
Hi-standard pistoi, The soundtrace, like that of the French silencer,
was taken five meters to the side of the pistol muzzle. As can be seen
firom 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
propellent gas leakage around the cartridge case, had a peak SPL
of 98 db, The next sound pulse [pt 2) was generated when the blow-Dby

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 effect of blow-by and gas
discharpge [ollowing 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 reverberations
within the silencer,

The magnitude of these sound pulses varied from round to round,
In the majority of cases it was somewhat lower than that of Figure 10,
The general negative trend of sound pressure after sound pulse {pt 3)
wasg more consistent, representing the eventual decrease of propellent
gas discharge from the weapon, In general, the relatively uncluttered
Bound scope trace of the silenced caliber , 22 pistol correlated well
with its quiet performance,

Caliber , 22 Silenced AAl 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 investigate unconventional use of small arms.

L3



X = 45 ubars/cem
vy = 0,5 me/cm
l cn - 1 major division

Microphone: B&K 4135

t
o
@ Primer Initiation LI = 98 db
@ Bleed hole Blow-by Exit from Silencer L, = 101 db
(3) Projectile Exit from Silencer Ly = 113 db
@ Propellent Gas Discharge Turbulence and
Reverbarations within Silencer Lg = 99 db
Figure 10. Sound Pressure-Time History, five meters to side, Caliber ,22 Silenced Hi-standard
Pilgtol, Using Long Rifle Cartridge
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TABLE III, GCaliber .22 Silenced AAI Experimental Test Fixture

Projectile
Weight 40 gr
Diameter 0.225 in,
Velocity {at silencer #Acit) 990 fps
Energy (at silencer exit) B8 ft-1b
Travel at peak ballistic pressure {estimated) 0.4 in.
Travel in barrel 6.9 in,
Travel time in barrel {estimated) 0,72 ms
Propellant
Weight (double base, flake, web ~ 0,003 in,) 1.7gr(+ 0,2 g7
primer)}
Chamber volume 0,016 in,
Ballistic pressure
Peak 24,000 psi
At barrel muzzle {estimated) 130 psi
Silencer
Outside diameter 1.0 in,
Length 6.5 in.
Weight (excluding action and gun barrel) 0.5 1b
Free volume {including gun barrel holes) 4, 69 in. 3
Total fixture and silencer weight 1.5 1b

The Aalfixtureis 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 expansion 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 propellent gas
bleeds off through the barrel holes and expands into the space around
the gun barrel. The expansion of propellent gas 18 accompanied by a
reducticn in the ballistic pressure behind the projectiie, By the time
the projectile exits from the barrel, the propellent gas pressure has
been reduced to that dictated by the total expansion space (and slight
heat absorption), The lower pressure behind the projectile at exit
results in a lower initial propellent gas discharge sound pulse,

The advantape of this design 15 that with proper sizes, number,
and placement of bleed holes, both the precursor and the blow-by
sound pulses can be minimized. The system’'s disadvantages are: (1)
the premature propellent gas bleeding resultsina reduction of pro-
jectile velocity; (2} the eventual abrupt uncorking of the barrel is
accoustically undesirable; and {3) the projectile {especialiy a lead
projectile) 1s susceptible to deformation and erosion by propellent
gases if bleeding 15 accomplished too abruptly or while the pas pressure
is still high.

The sound pressure-time history of the AAI test fixture is shown
in Figure 14. The trace was tecorded 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 leakage around the cartridge
was small, the three events are not readily distinguishable on the
ecope trace, However, the pulse due to leakage around the cartridge
seems to be in the vicinity of 103 db.

The second and loudest sound pulse (pt 2) was due to gas leakage
from the joint between the silencer tube and fixture breech, The gas
leakage, occurring as scon as the projectile passed the first set of bar-
Yel 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} wa 8 due to exiting of the precursor wave and

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

29



SPL of 101 db, Shortly after the precursor and blow-by, the pro-
jectile exited. This resulted in the main efflux of gases from the
muzzle and the consequent blast pulse {pt 4} of 114 db peak SPL,
Following this initial blast pulse were the various sound pulses emitted
from the muzzle due to the reverberations within the barrel and the
silencer, The last sound pulse (pt 5) was a ground reflection of the
pulse due to gas leakage at the silencer tube base, As can be seen,
reflection of the sound pulse from the ground {sand and sparse grass)
occcurred with almost negligible aitenuation,

y = 78 pbars/ecm
x =0,5 ms/em

93 db

Caliber ., 22 Hi-standard Pistol/ FA Silencer

L cm= ] major division
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Lz e 115 db
Lj = 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 dissolving 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.

The caliber .22 Frankford Arsenal silencer was tested with the
same Hi-standard pistol used for evaluation of the French silencer,
It is all-aluminum, and measures 1,4 inches in diameter and 6, 5 inches
in length, The silencer is machined from stock which is partially solid
and partially porous [see Figures 15 through 17 and Table 1V)., Outside,
the porous section of the silencer is wrapped with electrical tape, which
limits the propelient gas discharge to only the 0. 23 in, diameter
projectile exit at the silencer muzzle, Inside, the silencer consists
of three chambers of different lengths and diameters.

The outstanding characteristics of the caliber . 22 Frankford
Arsenal silencer are small weight, low manufacturing cost, and rel-
atively quiet acoustical performance, The undesirable features o1
the silencer are its bulkiness and high erosion rate. Other physical

and functional characteristics of the tested silencer arelisied in Table
IV,

Sound Pressure-Time History, five metars to side, Caliber .22 Silenced AAY

Experimental Test Fixture, Using Long Rifle Cartridge

(thtough initial blaad holes)
Projectile Exit from Muzzle

(vid bleed holag)

@ Gas Leakage from Silencer Tube Base
@ Precuraor and Blow-by Exit from Muzzle

@ Ground Reflection

@ Primer Initiation

@

Figure l4.

The general acoustical performance of the Frankford Arsanal
silencer can be surmised from the sound scope {race shown in Figure 18
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TABLE IV. Caliber .22 Hi-standard Pistol/FA Silencer

%: Prgjﬁctilﬂ
v Weight {Long Rifle) 20 gr
o Diameter 0, 225 in;
z E Velocity {at silencer exit) 1050 fps
§ - Energy (at silencer exit) 98 ft-1b
| 5 3, Travel at peak ballistic pressure (estimated) 0.4 in.
_*:_ = i Travel in barrel 7.0 in.
;1. : 5 Travel time in barrel 0. 65 ms {approx)
il T Travel time in silencer 0. 37 ms
: A Propellant
. 3 & Weight (double base, flake, web ~ 0.003 in.) 1.7 gr (+ 0.2 gr
3 = primer)
) Chamber volume 0.016 in, 3
£ <
= (o _
_ il Ballistic pressure
& Peak 24, 000 psi
- At barrel muzzle {estimated) 1,000 psi
o
A, Silencer
o Passage diameter (for projectile) 0.23 1in,
= Weight 0. 47 1b
E Total free welume 5.6 in, 3
E Total pore volume 4,9 in, 3
é - Mean pore diameter {approx) 0,04 in. 3
b
~a ;é Porous aluminum density 0,043 1bfin. 3
N o ) ; : ;
= ™ FPistol weight (without silencer) 2.75 1b
0
rj A Time between precursor and projectile exits
from silencer {estimated) 0,90 ms

Figure 17,
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(see Figures 3, 4, and & for sound scope traces ot the pistol without
silencer). The main sound sources of the silenced pistol were primer
jnitiation {pt 1, Figure 18), blow-by (pt 3}),2nd gas discharge following
projectile exit {pt 4). The noise due to precursor (pt 2} was relatively
insignificant. The primer initiation sound pulse {as previously de-
scribed) occurred due to gas leakage around the cartridge case. The
peak SPL of this pulse was 103 db, The next and largest sound pulse
was that due to the exit of propellent gases which by-passed the pro-
jectile. This pulse had a peak SPL of 108 db, The projectile exited
approxirnately O. 4 ms after the blow-by. The gas efflux following

the prejectile exit gave rise to a sound pulse of 100 db peak 5PL.

vy = 20 ubars/em
X = 0.5 me/em

1l em = 1 wajor division

ry
|
™
-F
=
(=9
0
¥
2
-l
-

In general, the sound signature of the caliber , 42 pistol with
Frankford Arsenal silencer could be described as a relatively mild,
mauiffled hand clap. The system sounded somewhat gquieter than the
gilenced Hi-standard pistol,

Ly = 103 db
L2 r+ B9 db
Ly = 108 db
L, = 100 db

Caliber . 30 M1903 Rifle/Maxim Silencer

The all metal caliber , 30 Maxim silencer herein described was
desipned 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
issue of [wo silencers per platoen was recommended for training
recruits, However, due to the ballistic c¢rack of the supersonic
round, the Maxim silencer, as well as several other designs, never
found wide application. It is doubtful 1f, at that time, the use of 2
modified {subsonic) cartridge was given much consideration except
for special missions,

The Maxim silencer version recently tested at Frankford Arsenal
(see Figures 19 through 22 and Table V} is the '"Model 15" supposedly
igsued to National Guard units during World War I. [t is approximately
9 inches long and i inch in diameter, The silencer is 0.16 inch eccen-
tric with respect to the rifle bore. It attaches to the military Spring-
field rifle by an end nut and two tapering half-sleeves. The front rifle
sight must be removed and replaced during the mounting operation.
Inside, the Maxim silencer is composed of an initial expansion chamber
followed by 19 equally spaced baffles, The baffles are indented rear-
ward and off-center from the silencer and the rifle bore axes.

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

FA 8ilencer, Using Long Rifle Cartridge

Primer Initiation

@ Precursor Exit from Silencer
(5) Primer Initiation Ground Reflectionm

@ Projectile Exit from Silencer

@ Blow-by Exit from Silencer

@

Figure 18,
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TABLE V., Caliber .30 M1903 RiflefMaxim Silencer
The Maxim silencer baffle configuration induces the gases,

propagating down the silencer, into 2 vortical spin. WNo data seem to
be available on the acutal effectiveness of the principle, However, it

Projectile
Weight (Match) 175 gr ;s conceivable that pressures at the 51131:14‘:&1* projectile passage could
Diameter 0. 309 in. +thias be substantially I'_Eﬂuﬂe{i- The Maxim siiencer's acoustical per-
Velocity (at ailencer exit) 1050 fps formance [Figure 25) ismuch better than would be expe-::tec} from its
Energy {at silencer exit) 431 ft=1b clearances, volume, and l.rength alcne, Thu_s,- some effectiveness
Travel at peak ballistic pressure {estimated 0.4 in. must be attributed to the silencer's ecceatricity and the askew bafiles,
Travel in barrel 22.0 in. However, the value of the vortical spin principle still remains ques-
Travel time in barrel 2.3 ms (approx) tionable.
Travel time in silencer 0, 56 ms
Figure 23 shows the sound pressure history of the caliber . 30 M1903
Propellant rifle without the silencer, using a subsonic cartridge. As can be seen
Weight (M9 double base, flake, web ~ 0, 003 in, ) 7.6 gr (+ 0.5 gr from the_. scope irace, the main snu.ndhsnurces are precursor shock
- {pt 2, Figure 23) and propellent gas discharge following the projectile
Chamber volume 0.30 in. 3 exit (pt 3). The corresponding SPL of these pulses are, respectively,
’ ' 119 and 137 db five meters to the side of the weapon,
Ballistic pressure
Peak 20,000 psi Th:e sound pressure=-time history of the M1903 rifle with the
At barvel mhozste {estirsated) 1. 605 vk Maxim silencer and subsonic cartridge is shown in Figures 24 and 2Z5.
> The system's main ncise sources are primer initiation, precursor shock,
Silencer blow-by, and propellent gas discharge aiier projectile exit. The primer
Passage diameter {for projectile) 0. 375 in. in-itiatiun noise,from firing pin fall to the first muzzle sound,is shown in
Weight 0.63 Ib Figure 24, The 2bsence of the usually high initial positive sound pulse
Free volume 4.0 in, 3 suggests that gas leakage around the cartridge case is very low and
Outside diameter 1.0 in. that most of the system's initial noise 18 mechanical. Sound pulses
Length {beyond gun barrel) 2.0 in. 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
Rifle weight {without silencer) 3 1b gas discharge pulses are, respectively, 102 and 112 db peak SPL.
Following these pulses, there is a prolenged, seemingly random,
Time between precursor and projectile exits noise of approximately 102 db peak SPL due to gas discharge turbu-
from silencer {estimated) E7 . 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
is especially significant in view of the relatively high projectile energy
(431 ft-1b) and velecity {1050 fps). Combining this with the silencer's
adaptability to standard weapons, its relatively small size, and 118
construction (requiring no maintenance or replacement of parts), the
WW I Maxim silencer is one of the better items tested at Frankford
Arsenal.
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Figure 23. Sound Presgsure-Time Histoxy, five meters to side,

CRURONGC.

(:) Primer Initiation
(:) Precursor Exit from Barrel

(:) Projectile Exit from Barrel

{(Unsilenced), Using Subsonic Cartridge

Primar Initiation

Precursor Exit from Silencer
Blow-by Exit from Silencer

Frojectile Exit from Silencer

y = B96 ubars/cm
x % 0,5 ma/em
l em =1 major diviasion

Microphone: B&K 4135

L1 = 93 db

Ly = 119 db

Lz = 137 db

1

Caliber ,30 M1903 Rifle

y = 43 pbars/cm

x = 0.5 mg/enm

cm = 1 m2jor division

Microphone: Altec BR 150

93 db
93 db
100 4b

113 db




Caliber ., 30 Silenced M1 Carbine

The silenced M1 carbine {Figures 26 and 27 and Table VI} was
1d, England, about 1945, It is believed to have been

s silencer surrounds and extends seven
Inside, the silencer has a series of conical baffles, positioned

The overall length and diameter of the

carbine

barrel,
throughout its whole length.

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

= 7
-3 3 deveioped in Enfie
o = . Jesigned for the Office of Strategic Services. The carbine is manually
.E L = "y 5 gPEfEtEd and takes standard supersonic ammunition. Because of its
s E o y = x bulkiness, manual feeding, and not too impressive acoustical performance,
_g 2 E m E & it is doubtiul if the weapon was widely utilized.
-
n B B o o
& o e E 4 .4 0 : E Since standard super sonic amrmunition was to bhe used in the silenced
"R T T - : vz © = carbine, Seven holes of 0,125 inch diameter wWere drilled in the barrel
> B B E o E E o ) close to the breech, This allowed the gases to he bled off through the
- o " : o holes, with a consequent reduction in ballistic pressure and projectile
~ &N ™ o E muzzle velocity. The original barrel length was also Iéduﬂ*ﬂd to ten
I B = 5 inches, presumably to minimize the final length of the carbine, The
- inches beyond the gun
.
wd
b=
0
E

-time history of the tested carbine, five meters

to the side of the weapon, is shown in Figure 28. The main constitu-
ents of the noise are: primer initiation (pt 1, Figure 28}, bleed -hole
blow-by {pt 2}, gun barrel muzzle blow-by (pt 3), blast irmmediately
following projectile exit (pt 4}, and continuous noise emitted from

silencer after projectile exit (pt 5).

Sound pressure

The primer initiation noise (barely visible on the trace) was
approximately 94 db peak SPL and was primarily due to the hammer
fail, The gas blow-by around the cartridge case seems relatively

insignificant,

Following primer initiation, the first significant sound pulse
(pt 2) was caused by the exit of the pressure wave generated by the
gases finding their way out through the barrel bleed holes, This was
a positive sound pulse of 112 db peak SPL. The secondary blow-by,
which occurred at the gun barrel muzzle, exited the silencer approxi-
ymately 0, 6 ms after the bleed hole blow~by. This generated 2 postive

sound pulse of 122 db peak SPL.

Sound Pressure-Time History, five maters
Silencer, Using Subsonic Cartridge

Reverbarations within Silencer

4) Propellent Gas Discharge Turbulence and

3) Projectile Exit from Silencer

g') Blow-by Exit from Silencer

w=by by about 0,4 ms.

—

‘1) Precursor Exit from Silencer

The projectile followed the gsecondary blo
The immediate accoustical effects associated with the prnjectile*
exit { pt 4) are barely distinguishable from the scope trace, This 18
due to the masking effect of reverberations within the silencer and

Figura 25,
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TABLE VI, Caliber . 30 Silenced M1 Carbine

Propellant

Weight (WC820 double base, spherical granulation
0.013 by 0, 009 in.!

Projectile ‘

. =
Weight 108 gr 9
IDHameter 0. 306 in, = -
Velocity {at silencer exit) 1058 fps Ag .,E T
Energy [at silencer exit) 270 ft=1b E _E i ﬁ
I'ravel at peak ballistic pressure (estimated) 0.5 in, 4 8 & %
Travel in barrel 9. 2 4n. I E %
Travel time in barrel 1,30 ms {approx) 3 o o~ -
Travel time in silencer 0. 56 ms 1 " n iy

~ % g B
o
—~ =

13 gr{+90.3 gr

primer)
Chamber volume 0.062 in, 3
Peak ballistic pressure 31,800 psi
Silencer
Passage diameter [for Projectile) 0. 375 in.
Free volume 10. 3 in, 3
Carbine weight {without magazine)
Silenced 65.75 1b
Standard unsilenced S 1b
Time between precursor and projectile exits
from silencer (estimated) 0,41 ms

50

Lg #s 118 db (averaga)

Ly &= 94 db
Ly = 112 db
Ly = 122 db
Ly = 119 db

Sound Pressure-Time History, five maters to side, Caliber ,30 Silenced MY Carbina

-) Projectile Exit from Silencer
Reverberations within Silencer

&

-~
g

(3) Gun Barrel Muzzle Blow-by Exit from Silencar
-\53) Propellent Gas Discharge Turbulence and

@ Blead Hole Blow-by Exit from Silencerx

@ Primer Initiation

Figure 28,



discharge turbulence occurring at this time. An approximate value

of 119 db peak SPL was assigned 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 ncise, 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,

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

Caliber | 32 Silenced Sleeve Gun

Little is known about the origin and history of the silenced sleeve
gun. It bears close similarity in design and workmanship (Figures 29
through 32 and Table VII} to the caliber .32 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 is accomplished by moving a latch toward
the weapon muzzle. A rod, attached to the latch and running along
the top of the sleeve gun, releases the plunger holding the firing pin
at the rear of the gun. At the base, the sleeve gun i3 provided with

an eyelet, presumably fora string 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 surrounding the gun barrel,
The tube also extends beyond the gun barrel muzzle by 2,85 inches,
thus forming the forward silencer section. Inside, the silencer section
contains a series of metal and rubber baffles which provide the si-
lencing effect,

i

*See Fig:.:;e 25,
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TABLE VII, Caliber .32 Silenced Sleeve Gun

é
E. .
En Projectile -
= Weight ar
= Diameter 0. 315
= velocity {at silencer exit} 00 tps
3.::__,_ Energy {at silencer exit) 82 i't-‘lb
= e Travel at peak ballistic pressure (estimated) 0.35in,
= 'E Travel in barrel 32530,
= E Travel time in barrel {estimated) D.54 ms
;—*’ E Travel time in silencer 0. 34 ms
= :
= s Propellant | |
= 5 Weight (Norma, ACP, double base, web ~0.003in.) 3 gr {+0.5 gr
= ’j primer)
E" 0 Chamber 0. 026 in,
— v
= > )
= * FPeak ballistic pressure 14,000 ps1
= 0
:‘: o Projectile passage diameter 5 L
& o in steel bafile , 0.
= o In old rubber baffles 0.25 in. (approx)
) In new rubber baffles X -sht
~a
. H
* Free voiume .3
v Around gun barrel | IB. 1|1:j
E In front silencer portion 1,21n.
m
e 1.7 1b

Total weapon weight
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" Ecri’ln::cfl;exan]:nedé the rubber baffles of the sleeve gun herein
€Te already old so that pas sage thron

_ ' : . ughk them was ap-

pProximately O, 25 inch in diarmmeter, When new, the rubber bafffes

probably completely clesed off the silencer cavity. Therefore, a

¢ :
ecord was also made with a new baffile containing only an X-slit

through the center, =
?
F T 9
rm t;E:;l:; :3:11?,1;2“’532ni identifies the various soyupd constituents E B :E <

. Sieeve i :

sound pulse on the trace { o with old baffles. The first small i S 3 ¥
Sl papt o € (pt 1, Figure 33) Corresponded to the time of i H = e
. ] - his Pulse, as well as other small i : = E ¢
following it, was a - all pulses Immediateiy M~ e o
and s » ' PPI‘GILIH-E.E'EI}F’ B7 db peak SPL [unpubh shed data) NS o~ E
: PTimarily due to firing pin fall. Gas leakage around th J i i I =
Eartrldge case seemed nEEligible. < e e E H
-~ E

- The next significant sound pulse [pt Z) was emitted from the
tlencer muzzle, It was identified as the pressure wave due to the
Propellent gases exiting through the bleed holes and finding their

way ahead of the projectile, The :
. peak SPL of this puls
the same as that for the caliber . 32 Welrod pistol, pPulse was 118 db,

The blow-by occurring at the pun bar in i '
lencer foliowed the bleed h{ie blnw—i}r biaa;:itn;i‘zljnl;m‘?rﬁhlim z;-
was 114 db peak SPL., The Projectile exited appru:dmatély 0.3 E]EEE
;!.ﬂ.tEili'. The efflux of Propellent gas immediately followin I:he:. r
jectile resulted in g positive pulse (pt 4) of 126 db peak S?PL ?}l::

positive iound pulse 0,2 ms after
- t 4 s
side the weapon. pt 2 was due to reverberation in-

q' J
b

4
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E
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3
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il g,
i 1
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PP ]
et i
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_— The_ 34:;111::1 Scope trace of the sleeve gun with new rubber baffles
Own in Figure 34, As can be seen ' 1
. n A » Practically all noise precedi
and fnllium?g projectile exit was eliminated by the new baiﬂesp .:fa;ng
the projectile noise was teducead to 120 dp peak SPL., Inageuer‘al thej
sleeve gun with old baffles Sounded like & somewhat loud Snap Filre-:l

with new baffles, it sounded hikewise snappy, but substantially quieter,

Caliber . 32 Silenced Welrod Pistol

The caliber , 32 pistol

(Figures 35 and 36 and T
close resemblance to the 9 el s

mm Welrod pistol* developed in Britian

*See Figures 38 and 39,

58
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Ly = 87 db
Lz = 118 db
L3 = 114 db
Lg = 126 db

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

with 0148 Rubber Baffles

éj Bleed Hole Blow-by Exit from Silencer
@ Gun Barrel Muzzle Blow-by Exit from Silencer

@ Projectile Exit Ground Reflection

1) Primer Initiation
@ Projectile Exit from Silencer

Figure 33,
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Caliber , 32 Silenced Welrod Pistol

Figure 36,

TABLE VIIIL. Caliber . 32 Silenced Welrod Piatol

Diameter
velocity (at silencer exit)

Energy (at silencer exit)

Travel in bar rel
Travel time in barrel (eatimated)

Travel time in silencer

Propellant
Weight (Norma, ACP, double base, wab ~ 0.003 in.)

Chamber veolume
Peak ballistic pressure

Projectile passage diameter
In steel baffle
In old rubber baffle {when te sted)

Free volume
Around gun barrel

In front silencer portion

Total pistol weight {unloaded)

63

T7 gr
0.315 in.
770 ips
102 it=-1b
3.9 in.
0,54 ms
0.43 ms

3 pr (+ 0.3 gr
primer)

0.026 in. 3

14, 000 psi

0,375 in.
0. 25 in {approx)

2.6 in, =
2.5 in. 3

2.5 1b



during World War iI. Externally, the primary difference between the
two is that the caliber . 32 is somewhat smaller and does not have a
trigger guard. The Welrod pistol is one of the few weapons specif-
ically designed to be "silent, "' It had been provided with a suitable
silencer and a relatively guiet breech mechanism. Although its clip

{the pistol handle) holds eight rounds, the Pistol requires slow manual
reloading for each shot.

Internally, the caliber ., 32 Welrod pistol consists of a metal tube
surrounding and extending beyond the pistol barrel. The barrel has
a series of 20 holes {0. 062 inch in diameter)} drilled around its pe -
riphery. The holes are positioned in the five rifling grooves and
lead to the Surrounding expansion chamber. This chamber is SCP-
arated from the front silencer section by a baffle which has 12 holes
{0. 062 inch in diameter), The silencer section, extending beyond the
barrel muzzle, is four inches long and contains a series of metal and
rubber baffles, The rubber baffles are spaced intermittently between
the metal baffles (Figure 35}. The projectile passage diameter in the
steel bafifles 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 completely closed off the silencer interior.

Figures 37 shows and identifies the various sound
erated by firing the caliber 32 Welrod pistol,
pulses were due to primer initiation (pt 1,
blow-by {pt 2}, and projectile exit (pt 3).

and positive nature of the first Sound pulse [pt 1) identify it as that
caused by gas leakape around the cartridge case, The blow-by wave
{generated by the propellent gas by-pas sing the projectile through
the barrel bleed holes) exited approximately 0.4 ms laler. This
Bave rise to the pulse {pt 2) of 118 db peak SPL., The blow-by wave
occurring at the gun barre] muzzle exited from the sil
irmately 0, 3 ms after the bleed hole blow-by,
it 15 seen that this blow-by is aimost ins
largest sound pulse, with
g2s discharge immediate]

piulses gen-

The main sound
Figure 37}, bleed hole

The high SPL {112 db}

€NcCer approx-
From the SCope trace,
1gnificant., The last and
its peak SPL of 122 db, was due to the

y following the pProjectile exit, Following
this, there was a prolonged high frequency noise of about 104 db peak
S5PL due to turbulence an

d reverberations within the system,

b4

y = 78 pbars/em

*x = 0,5 mg/ecm

l ¢m = | major division

Microphone: B&K 4135

65

Primar Initiation

1,

Ly = 118 db

Blow-by Exit (through Blead Holes) from Silencer

L3 = 122 db

@ Projectile Exit from Silencer

4) Bleed Hole Blow-by Ground Reflection

Sound Pressure-Time History, five meters to side, Caliber .32 Silencad Welrod Pistol
Q

Figure 37,



? mm Silenced Welrod Pistol

The 9 mm Welrod pistol, except for size, isexternally Very
similar to its caliber | 32 counterpart. Internaily, however, the
two pistois are quite different (see Figures 35, 36, 38,39, and Tabje
IX). The 9 mm Weirod barre] consists of two sections, front and
rear. The rear portion contains the gun barrel,which has sixteen
0. 052 inch diameter bleed holes at its breech end., The gun barrel
18 surrounded by a tube which, together with the threaded front
bushing, forms an expansion chamber for the gases escaping through
the bieed holes. The front Portion of the pistol barrel is essentially
the weapon®s silencer, It attaches to the pistol by means of a threaded
bushing. The inside of the silencer section contains a Beries of
metal, rubber, and felt baffles Separated by a perforated, spool-like

steel spacer, The passapge through the stcel baifles and Epool 1s
approximately 0. 43 inch in diameter,

The pistol examined at Frankford Arsenal contained
flexible baffles -~ two rubber and one felt,

through these baffles was approximately 0,
new, however, the flexible baffles probably completely closed off

the silencer cavity; therefore, records were also made with new
baffles containing only an X-slit,

tested weapon, most firings were mad
tridge {described in Table 1X).

three
The projectile passage
35 inch in diameter., When

Figure 40 shows the sound pressure-time history of the 9 mm
Welrod pistol without the forward silencer saction and firing the re-
duced charge round. The first noise detectable {and barely visible
on the trace shown) occurred at about the time the firing pin hit the
Primer, This noise {pt 1, Figure 40) had a peak SPL. of approximately
105 db, and was due to gas leakage around the cariridge case. The
next sound pulse {pt 2} was due to the precursor shock exiting from
the gun, The high SPL of this pulse (131 db) suggests a Possibility
of gas leakapge past the Projectile. Any bypassing of the Propellent
825 naturaily reinforced the Precursor, giving rise to the high SP1.,
The last puise (pt 3} was due to propelient gas discharge immediately

following the projactile exit. This pulse had a Peak SPL of 131 db,
the same as that of the Precursor pulse,

My
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TABLE IX. 9 mm Silenced Welrod Pistol

-

Prﬂ.jg{‘;til-ﬂ
wgight 115 gr
i metEt 0.357 in,
velocity {at silencer exit) £40 fps
) Enerpy (at silencer exit) 106 ft-1b
= Travel at peak ballistic pressure {estimated) 0.4 in,
i; Travel in barrel 4, 7 in.
Z Travel time in gun barrel [estimated) 0.71 ms
g_ Travel time in silencer 0. 60 ms
= Propellant
' = Weight {M9, double base, flake, web ~. 0,003 in.} 3or [+ 0.3 gr
z p primer)
= i, Chamber volume 0.038 in, 3
: 3
3 ko Ballistic pressure
.; Peak 22,400 psi
@ At first hole [estimated) 10, 600 psi
- n At gun barrel muzzle {estimated 200 psi
5
a Silencer
Weipght [front portion) 0,63 1b
E Free volume around gun barrel 2.3 in, 3
o~ Free volume in front portion 4,3 in, 3
;'l:: Projectile passange diameter
- Silencer spool 0,43 in,
o In old rubber baffles D. 35 in. (approx)
E—EP Through new rubber baffles X -slit
Total pistol weight {with the silencer) 3.5 1b
Time between precursor and projectile exits
3,91 ms

from silencer {estimated)

b9
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y = 450 ubars/em
X = 0.5 mg/em
l em = 1 major division

Microphone: B&X 4135

(:) Primer Initiation L, = 105 db
(:) Fracursor Exit from Gun Barrel Muzzle L1 = 131 4b
(:) Projectile Exit from Cun Barrel Muzzle Ly = 131 &

Figure 40. Sound Pressura-Tima History, five maters to side, 9 mm Silenced Welrod Pisto] (leaas
Silencer Section), Using Reduced Charge Round

y = 90 ubars/cm
= (0,5 ms/cm
l em = 1 major division

Miecrophone: B&K 4135

(1) Primer Initiatiom Li = 105 db
(2) Precursor Exit from Muzzle L, = 111 db
.3) Blow-by Exit from Muzzle L3 = 119 db
ﬁ;; Projectile Exit from Muzzle Ly = 124 db




(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 approximateiy 111 db. The blow-by wave,
which originated from the propellent gases bypassing the pro-
jectile in the spocl spacer, constituted the second loudest sound
source of the system. This blow-by sound pulse (pt 3) had a peak
SPL of approximately 119 db. The last and largest sound pulse

(pt 4) originated at the time the projectile exited from the silencer.
It had a peak SPL of 124 db, and was due to the abrupt propellent
gas discharge following the projectile exit,

A record of the silenced Welrod with new rubber baffles, firing
a reduced charge cartridge, 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

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

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

9 mm Silenced Sten Submachine Gun

The silenced Sten submachine guns {Figure 44) were first
developed and manufactured in Britain during World War I, 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 hands but, contrary to strong
recommendations by some, the German High Command did not adopt

the Sten for general use,* More recently, silenced Stens were re-
portedly used by Allied troops in Korea.

Basically, the silenced Sten {designated Mark I15) is a modified
version of a standard unsiltenced Sten submachine gun. The mod-

ification consisted essentially of reducing the bolt weight, shortening

%
However, see Appendix E.

v = 195 pbars/cm

x = 1 me/om

l cm = 1 major division
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Ly = 105 db

(1) Primer Initiacion

LE i IZG db

(2) Projectile Exit

@ Ground Reflection

Sound Pregsure-Time History, five meters to side, 9 mm Silenced Welrod Pistol with

New Rubber Baffles, Using Reduced Charge Round

Figure 42,
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L) Primer Initiation
@) Projectile Exit

@ Ground Reflection

Filgure 43, Sound Pressure-Time History, £
Rubber Baffles, Using Standard

ive meters to side,
NATO Round (Projac

y = 195 ubars/em
Xx=1ms/cm
l em - 1 major division

Miecrophone: B&K 4135

Li = 105 db

L, = 125 db

9 mn Silenced Walrod Pistol with New
tile Muzzle Velowity, 930 fps)




the bolt spring, and substituting the replaceable barrel with a si-
lenced one. Since the new barrel reduced projectile velocity below
the speed of sound, the bolt modifications were 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 to attenuate the weapon's me=-
chanical noise {Figure 45), Many versions of the silenced Sten barrel

are known to have been developed. Two types,

both similar, were
tested at Frankford Arsenal.

21 1-5 Lﬂ:’ﬂfﬂftm
0.5 ms/om

vilenced Sten Barrel, Type I ; ?
The Type 1 silenced Sten barrel (Figure 46) consists es- ~ R

sentiaily of a drilled length of standard 4 inch long gun barrel and a

Surrounding silencing tube which extends beyond the gun barrel muz-

zle., The gun barrel bas six holes (3. 11 inch in diameter) located

0, 72 inch from the initjal projectile base position, and opening into

the expansion chamber surrounding the gun barrel, The early bleed-

ing of propellent gases is primarily intended to reduce the velocity
of the standard supersonic round below the speed of sound,
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Microphone: Altec Br 150

The front end of the silencing tube forms the secondary
eXpansion chamber, which is divided by 30 straight, equally spaced,
rmetai baffles, The first and last baffles (0. 25 inch thick) consist of
Stacked wire screen discs. The pas sage through the baffles provides
the projectile with a diametral clearance of 0.840 inch. Outside, the
silenced barrel is partially covered by asbestos rope, electrical tape,
and canvas cover to protect the hands irom the tube which becomes
excessively hot with automatic firing. The overall silenced barrel is
13 inches long and 1, Sinchesin diameter, By comparison, the stan-
dard unsilenced Sten barrel is only & inches long. Some of the more
significant physical and functional parameters of the silenced Sten
with the Type I barrel are listed in Table X.

On firing, the forward {and rearward) motion of the Sten
bolt terminates with a considerable slap. This impact of bolt against
breech and the consequent vibration of the weapon's various components
generated prolonged noise of about 100 db reak SPL, lasting a few
milliseconds (Figure 45}, To avoid the overshadowing effects of
mechanical noise, the Frankford Arsenal sound tests were conducted
with the silenced Sten barrels held and fired In 2 special
quet, single shot test fixture {(Figures 47 and 48}, Since the mechanical

noise of the fixture is relatively low, the recorded Scope traces es-
sentially contain only the system muzzie noise,

» Telatively

76 L

Ll = 93 db
Ly = 101 db (maximum)
{Lz =~ 95 db (average)

Sound Pressure-Time History, five maters to side, 9 mm Silenced Sten Submachine

Gun Bolt Slap, without Cartridge

(D Forward Bolt Slap (no Cartridge)
(2) Mechanical Noise Following Bolt Slap

hyre 45,

F
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Cross section, 9 mm Silenced Sten Submachine Gun Barrel (Type I)

Figure 46.

TABLE X.

projectile
Weight
Diameter
velocity (at silencer exit)

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

Travel in barrel
Travel time in barrel {estimated)
Travel time in silencer

Propellant
Weight{WCC-6102, doublebase, web~0, 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
Weight
Lenght
Diameter

Standard Sten gun barrel length

Total weight of silenced Sten submachine gun
(without magazine)

Time between precursor and projectiie exits
from silencer [estimated)

79

9 mm Silenced Sten Submachine Gun, Type I Barrel

115 gr
0. 356 in.
1000 fps
258 it-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. 3
4, 4 in, 3

2.25 b
13 1n,
1.5 in.

6 in,

7.7 ib

0,3 ms
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Figure 47,

Assembly, 9 mm Si
Test Fixture
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The sound pressure history of the Type I silenced Sten
with the test fixture is shown in Fi
trace with the various functional effects occurring in the
Bystemn during firing indicated that the five principal noise sources

were: primer initiation (pt 1, Figure 49), precursor wave exit (pt 2),

blow-by exit (pt 3}, PTojectile exit {pt 4), and reverberation and jet
noises after projectile exit (pt 5).

barrel._‘fired
lation of the

The primer initiation noise started and continged after

the firing pin hit the primer, The high frequency, long duration, and

low amplitude indicate that it Wag primarily mechanical in nature,
The peak SPL of this noige five meters from the System was approx-
imately 93 db, The precurs

or wave formed in the gun barre] exited
from the silencer approximately one ma after the firing pin bottomed,
The precursor sound pulse,

although not very distinct, seems to have
had a peak SPL of about 94 ¢

b. The blow-by wave, caused by gases
by-passing and the projectile in the silencer, exited 0, 3ms later,

The sound pulse {pt 3) due to this blow-by had a peak SPL of 104 db,
The projectile exited approximately 0.4 ms after the blow-by wave,
The efflux of gases iollowing the projectile exit was fairly mild
since the event was barely distinguishable from the secondary acous-
tical effects {such as reverberations and turbalence) occurring at
this time, The noise generated during this event seems to have
been about 106 db peak SPL., Following the Projectile exit, there
was a relatively random Prolonged noise generated by the reverber-
ations inside the silencer and the jet turbulence, The Bequence and
magnitude of the various sound pulses of this noise are inconsistent,
varying from round to round. In general, for any one given round

the maximum and average peak SPLs of this noise are in

the vicinity
of 112 db and 104 db, respectively,

the silenced Sten barrel is somewhat bulky, in

es for this by very pood acoustical pPeriormance
and long service life. To a aub

jective listener, the system sounded
258 an abrupt initiation and gradual cessation of a relatively mild hiss,
Compared to other silencers and silenced barreis with respectable

SHEergy outputs, the Sten was one of the quieter systems tested at
Frankford Arsenal,

Silenc ed__ Ste

n Barrel, TIP_e 11

Externally,

the Type I and Type II Silenced Sten barrels
are almost ideantical, T

he two barrels are also similar in principle;

B2

gure 43, Time corre-

y = 78 ubars/cm

X = 0,5 ms/cm

&
e
-
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L1
5
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Microphone: B&K 4135

K

Ly ® 83 db

@ Primer Initiation

94 db

Lp =

@ Precursor Exit from Silencer

Ly = 104 db

@ Blow-by Exit from Silencer

Lg = 106 db

@ Projectile Exit from Silencer

Ls = 112 db (maximum)

{L5 = 104 db (average)

@ Propellent Gas Discharge Turbulance and
| Reverberations within Silencer

(6) Blow-by Ground Reflection

Sound Pressure-Time History, five maters to side, 9 mm Silencaed Stan Submachine

Gun Barrel (Type I), in Test Fixture

Figure 49,



however, each contains a slightly different set of internal components

(Figures 46 and 50 and Tables X and XI). The Type II is distinguishab],

Primarily in that its gun barrel i3 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, as shown in Figure 50, pre-
Etm:l_ably for experimental purposes., Acoustically there seems to
be little apparent reascn for this modification; if anything, it made

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

Figure 51 shows and identifies the sound constituents of
the silenced Type II Sten barrel,fired with the test action shown in
Figure 48. The trace was recorded five meters directly to the side
of the weapon. The first distinct noise recognizable on the trace
{ptl, Figure 51) was a sound generated approximately when the firing
pin hit the primer. Thisa series of pulses, with its relatively low peak
SPL of 93 db, was essentially mechanical in nature. The next sound
Pulse {pt 2) was the first noise emitted from the silencer muzzle,

This pulse of 101 db peak SPL was
generated by the blow-b i
through the gun barrel bieed holes. ’ i

The next sound pulse {pt 3) corresponded to the time when
gun barrel muzzle blow-by exited the silencer, This sound pulse

had a peak SPL of 104 db. The next, and highest, sound pulse (pt 4)
‘fﬂasigenerat&d 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 pProjectile exited approx-
imately 0, 01 ms later,

The initial efflux of gases following the projectile exit
resulted 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 pro-
longed noise {pt &) of approximately 100 db peak SPL. Characteris-

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

To a subjective listener, the Type II Sten sounded like
4 clap-initiated, gradually diminisking hiss. In general, it seemed
somewhat louder thaa the Type I Sten,
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9 mm Silenced Sten Submachine Gun Barrel (Type II)

Cross section,

Figure 50,



TABLE XI. 9 mm Silenced Sten Submachine Gun, Type II Barrel

Projectile
Weight 115 gr 3 E
Diameter 0,356 in. B
Velocity (at silencer exit) 1000 fps B O
Energy (at silencer exit) 258 ft-ib = B T 8
Travel at peak bailistic pressure {estimated) 0.3 in. T 0y o
Trawvel in barrel] 3.1 1in '5. a2 7
Travel time in barrel {estimated) 0.3 ms n 0 f g
Travel time in silencer 0.91 ms SR
g B
Propellant -
Weight (WCC-6102, double base, web ~ 0, 003 in, ) bgri{+ 0.3 gr "
rimer
Chamber volume D 'D3BPin 3 }
Ballistic pressure
Feak 31,000 psi
At barrel muzazle {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 ip, 3
Silenced barrel
Weight 2.5 1b
Lu_ength 13.5in,
Diameter 1.5 1in
Standard Sten gun barrel length 6 in.
Silenced submachine gun weight {without magazine) 7.2 1b

B6

99 db (average)

93 db
= 101 db
Lg = 105 db (maximum)

La = 104 db
Ly = 113 db
Ls = 104 db

I =
L2
{LE =

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

Cutt Barrel (Type IT), in Test Fixture

Reverberations within Silencer

Primar Initistion

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

@ Blow-by (through Bleed Holes) Exit from 5ilencer
@ Blow-by (&t gun barrel muezle) Exit from Silancat

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

@ Projectile Exit from Silencer

®

Figure 351,



9 mm P38 Walther Pistol/AAI Silencer

The § mm AAI experimental silencer {Figures 52 and 53 ang
Table XII) was manufactured by Ajrcraft Armaments, Inc, about
the same timme as the caliber . 22 silenced AAI test fixture {see
page 21}). 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 toc impressive, its data are deemed useful for comparison
with other silencers and silencing fixtures,

The 9 mm AAI silencer is essentially a simpie, baifled, expansion
chamber, 5 inches long and Z,5 inches in diameter, The steel silencer
housing holds eight baffles and nine spacers, all aluminum. Seven of
the equal chambers formed by the baffles contain loosely packed steel
wo0ol, removal of which does not seem to affect the sysiem acoustically,
There is a2 rubber diaphragm with an X-~slit at the silencer muzzie,
presumably to restrict gas flow, At Frankford Arsenal this diaphragm
required frequent replacement as it was easily destroyed by the ex-
iting projectile, Later it was found that the diaphragm had little
acoustical effect even when new, probably because it was too thin.

The cutstanding features of the AAI silencer are its very large
volume (19 in, 3] and the surprisingly large projectile clearances [a
0.5 inch diameter passage for a 0, 35 inch diameter projectile}), The
following sound data are from the firings made with a sSpecial subsonic
cartridge {see Tabile XII).

Figure 54 shows the scund pressure-time history ofthe 9 mm P38
pistol without the silencer, recorded 10 meters to the side of the
weapon. The first sound pulse (pt 1, Figure 54) was due to the pre-
cursor exit from the gun muzzle. This puise had a peak SPL of 127 db,
The projectile exited the gun muzzie approximately 0.4 ms after the
precursor. The accompanying propellent gas discharge gave rise to
a sound pulse (pt 2} of 139 db peak SPL. The positive pulse {pt 3) is
a ground reflaction of the blast pressure wave.

The sound signature of the P38 pistol with the AAI silencer is
shown in Figure 55, The main noise constituents of the system were
identified as: primer initiation (pt 1, Figure 55), precursor exit
(pt 2), blow-by exit (pt 3},and projec’ile exit (pt4), The first significant
noise during firing was that due to g- s leakage around the cartridge
case, The peak SPL of this noise w. ; approximately 99db, The next
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TABLE XII. 9 mm P38 Walther Pistol/AAIl Silencer

Projectlle
Weilght
Diameter
Velocity { at silencer exit)
Energy { at silencer exit)
Travel at peak ballistic pressure {estimated)
Travel in barrel
Travel time in barrel
Travel time in silencer

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

I’Iil|l||l|r||”|'

5

Chamber volume

Ballistic pressure

Peak
At barrel muzzle

Silencer
Passapge diameter [for projectile)

Weight
Free volume

”1““]”"“';

P

Pistol weight [(without silencer)

1|I]|I||l|1]|r|rr1|i|| [
g
9 mm P38 Walther Pistol/AAIl Silencer

l

Time between precursor and projectile exits
from silencer

I_|.=.||i.||1l|aTl1lrI;lr1;1|1 1'

Figure 53,

91

115 gr

0, 356 in,

G245 fps

220 ft-1b

0.4 in,

4, 3% in.

0,46 ms {approx)
0,43 ms

3gr(+0,3¢gr
primer)
0.038 in, 3

22, 400 psi
1,800 psi

0, 50 in,
3 1b.
19 in_ 3

2.1 1b

0, 43 ms
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y = 450 ubars/cm
X = (,2 mﬂfﬂ‘m
Il cm~- 1 major division

Microphone: Altec BR 150

(D) Precursor Exit from Muzzle L; = 127 db
@) Projectile Exit from Muzzle Ly = 139 db
@ Prolectile Exit Ground Raflaction

Figure 5%, Sound Pressure-Time History, ten mete
. 5 re to aide, 9 mm P38 Walther Pis
Silencar, Using Subsonic Cartridge j Fol vithout

y = 90 ubars/cm
x = 0,5 ma/cm
lcm =1 major division

Microphone: Altec BR 150

(1) Primer Initiation Ly = 99 db
f’?} Frecursor Exit from Silencer Lo = 105 db
@ Gun Barrel Muzzle Blow-by Exit from Silencer L3z = 120 db
@ Projectile Exit from Silencer Ly = 105 db

"g) Blow-by Ground Reflection

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



sound pulse {pt 2} was generated when the precursor exited from the
silencer, Its peak SPL was 105 db. The blow-by wave generated at

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

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

system's loudest effect, The projectile exited about 0. 2 ms after the l‘“‘“"'“‘i

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

by the projectile since the event is not discernable on the scope trace, i1 ;%1 ,‘w; <

This, of course, was to be expected with the large blow-by clearances & = 2 E

and volume, To a subjective listener, the system sounded unquestion- %%t .{E £ %

ably loud. ! ;"""‘“%_ﬁ & 2
| { R

; e

9 mm Walther MPFK Submachine Gun/West German Silencer

' ‘

— @50 -

The MPK silencer (Figures 56, 57, and 58) was reportedly
developed in West Germany sometime after 1963, when the 9 mm MPK
submachine gun itself was introduced., Although somewhat bulky and
internally elaborate, it is ruggedlyconstrucied, well finished, and
readily adaptable to a standard MPK weapon. The construction of the
silencer, it8 size and acoustical performance suggest that it was built
as an experimental modei-shop item,
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Internally, the MPK silencer {Figure 56) consists of a 10 inch 1
long by & inch diameter expansion chamber containing an elaborate .
assortment of geometrically complex tubes, vanes, and cones. Except l
for two steel end pieces and the steel turbine-like vanes, the silencer ‘—]'— .
is made entirely of aluminum. Beginning at the rear, the silencer -
starts with a simple 1.5 inch long expansion chamber, followed by a T
tubular spocl,outside~vaned atthe rear and closed at the front, The :
steel vanes forming one end of the spool are brazed to the aluminum
tube, After the spool come two cones, an expansion chamber, and : :
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another cone, . ) "E
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I z ~'E :
All Frankford Arsenal sound tests on the MPK were made : E ' '
with special rounds loaded for subsonic velocities {Table XII), The 1 3 I‘ 1
sound history of the MPK without the silencer is shown in Figure 59, : = : ‘ |
The weapen's main noise, iike that of most other unsilenced systems, ! | := : H-;

was due to the precursor wave and the pProjectile exit blast, The two

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

94 95

Cross section, 9 mum MPK Walther Submachine Gun and West Gerrman Silencer

Figurﬁ 561
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TABLE XIII, 9 mm MPK Walther Submachine GCun/German Silencer

Projectile )
Weight 115 gr £
Diameter 0. 356 in. 2
Velocity (at silencer exit) 1000 ips ﬁ 'E "E
Energy {at silencer exit) 255 ft-1b % g | 3
Travel at peak ballistic pressure (estimated) 0,4 in, g o~ u 9
Travel in barrel 6, 32 in, 5 d = *%
I'ravel time in barrel {estimated) 0.62 ms a & aﬂ;
Travel time in silencer 0.79 ms=s - =& 2
noon R,
O
Propeilant > * B b
Weight (M9, double base, flake, web ~ 0, D03 in,) 3gr{+ 0.3 gr A §
primer)}
Chamber volume 0.038 in, 3
Ballistic pressure
Peak 22,400 psi
At barrel muzzle {estimated) 1, 400 psi
Silencer J' |
Passage diarneter {for projectile) 0,41 in, , 0. 44 in, - 1 5
| and 0.55% in, ; i
Weight 1,5 1b (approx) 'I | ] ]
e v o “‘i
. S
Unsilenced submachine gun weight {without magazine) b.2 1b. m-

Time between precursor and projectile exits from
gilencer {estimated) 0.692 ms
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Ly = 131 db
Ly = 140 db

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

without Silencer, Using Subsgoénic Cartridge

@ Projectile Exit from Barrel
@ Precursor Ground Reflection

@ Precursof 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 siap of the bolt apainst the breech and
consequent vibration of the weapon's mechanical components., The
sound trace of the weapon, fired dry, without a2 cartridge, is shown
in Figure 60. The pezk SPL of the MPK's mechanical noise was
approximately 106 db five meters from the weapon,

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

db peak SPL, Following this there was a series of smaller random
sound pulses due to reververations inside the silencer.

¥igure 62 shows, essentially, only the muzzle noise of the
silenced MPK, The record was obtained by wrapping the weapon
with a suede coat. The effect can be seen most readily in the barely

visible primer initiation noise (pt 1, Figure 62} and the more clearly
defined precursor pulse [pt 2).

In comparison to cther Systems, the silenced MPK socunded
somewhat louder than the 9 mm Stens and quieter than the caliber _ 32
and 9 mm Welrods, Qua litatively, the MPK sound Bignature could

be described as a somewhat muffied clap, immediately followed by
& diminishing hiss,

Caliber .45 Silenced M3 Submachine Gun {(Figure 63)

Bell Labn_l_-a.t::rrif:_s Si@'nﬂ-_ﬂ_l_i B_arrel

During World War II, Bell Laboratories investigated si-
lencing of various weapons, including the caliber

100

- 45 M3 submachine gun.

y = 208 ubara/cm

x= 0,5 mag/en

kS
:
i
5
3
;

Microphone: B&K 4135

101

Ly = 106 db
Lz = 106 db

Sound Pressure-Time History, five meters to side, Bolt Slap, 9 mm MPK Walther

Submachine Gun/West German Silencer, without Cartridge

@ Forward Bolt Slap (no Cartridge)
(2) Mechanical Noise Following Bolt Slap
(3) Bolt Slap Ground Reflection

Figure &0,
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Primer Initiation

Frecursor Exit from Silencey
Blow-by Exit from Silencer
Projectile Exit from Silencer

Primer Initiation Ground Reflection

y = 83 pbars/cm
x = 0,5 ma/cm
lem = 1 major division

Microphone: B&K 4135

Iy = 114 db
L2 = 108 db

Ly = 116 db
Ly = 118 ab

61, BSound Pressure-Time Histo MPK
ry, five metars to side, 9 mm
Wast Garman Silencer, Using Subsonic Cartridge - RS I o

Primar Initiation

Precursor Exit from Silencer
Blow-by Exit from Silencer
Projectile Exit from Silencer

Blow-by Ground Reflection

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

Microphona: B&K 4135

Ly =~ 95 db
L2 = 107 db
L3 = 116 db
Lg = 118 db
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Caliber , 45 M3 Submachine Gun

Figurﬁ 631-

A silenced M3 barrel {Figures 64, 65 and 66, and Table XIV} was
designed and presented to the Infantry Board for evaluation. Conclu-
ajons from the tests were that the silenced M3 was quiet, but still

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

poﬂed.ljl' 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 gun 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 gas pressure and

the projectile muzzle velocity,

The silencing chamber is composed of two sleeves of
different lengths and diameters, connected by means of a reducing
bushing. The rear sleeve encloses a roll of wire mesh which sur-
rounds the drilled gun barrel; the forward sleeve, which extends
beyond the gun barrel muzzle, contains a stack of wire mesh discs.
The projectile passage through the wire mesh discs is 0. 05 inch

in diameter,

The mechanical noise associated with firing the silenced
M3 submachine gun is substantial, if not dominant, As with the Sten
gun, it was found more realistic to evaluate the silenced M3 barrel
without the overshadowing mechanical noise. Consequently, the
sound results described herein were cobtained with the silenced bar-
rel 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 ol
the weapon. The two prominent sound pulses on the trace were due
to exiting of the precursor wave {pt 1, Figure 67} and the gas dis-
charge following the projectile exit (pt 2). The two pulses were,
respectively, 115 and 130 db peak SPL,

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

*See Figures 71 and 72
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TABLE XIV. Caliber . 45 M3 Submachine Gun/Bell Laboratories
Silenced Barrel

Silenced barrel

; e i 235 gr
5 Weolght D, 450 in
3 Diameter ' . i
B Velocity {at silencer ext) 768 fps
< Energy {at silencer exit) 310 ft_-lb
:2 Travel at peak ballistic pressure (estimated) Q, 22.-111_
P Travel in barrel 7.4 in.
o Travel time in barrel (estimated) 0.95 ms
E Travel time in silencer 0.69 ms
S
5 Propellant ‘
0 Weight {HPC1, double base, flake, web™ 0,003 in,) 5pgr{+ 0.4 gr
- primer)
pa -
2 Chamber volume D. 061 in. 3
o
y
E Ballistic pressure
A Peak 20, 000 psi
— At gun barrel muzzle {estimated) 200 psi
i Silencer
% Passage diameter {for projectile) 0, 50 in.
S Free volume around gun barrel 7.2 in. 3
E Free volume in front portion 2.5 in, >
- Volume, rolled wire mesh {brass) 2.9 in.g
U Volume, stacked wire mesh discs {(brass} 2.8 1in,
2
< "y

Bk Weight 2.63 1b

2 ,fr Total lenpth 14, 2 in.

o

z R

'S S Standard M3 barrel

Weipght 1.251b
Length 7.9 1n.

Standard M3 submachine gun weight {without magazine) 8.1 1b

Figure 66.
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y « 230 ubars/cm
X = 0,5 mo/em
lem=1major division

Microphone: Altee Br 150
Tape Recorder: Ampex 351

1 Precursor Exit from Muzzle

Ly = 115 db

< Projectile Exit Ffrom Muzzle

Lp = 130 db

3  Ground Reflection

Figure 67,

Sound Pressure-Time Higto ten met
&
(standard, 7.5 inches luﬁ;;’in Test Ff:t::nﬂidal valiber .45 Submachine Gun Berrel

y = 23 pbars/cm
Xx=0,5 ma/cm
lecm« 1 major divieion

Microphone: Altec BR 150
Tape Recorder: Ampex 351

Primar Initiation L1 = 93 db
Bleed Hole Blow-by Exit from Silencer Ly = 107 db
Blow-by (at Gun Barrel Muzzle) Exit from Silencer L3 = 101 db
Projectile Exit from Silencer Ly = 107 db

Blead Hole Blow-by Ground Reflection




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

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

Although the Bell Laboratories silenced barrel reduced
projectile velocity of the standard M3 submachine gun from 920 of

770 fps, the projectile muzzle energy still remained a respectahle
310 it-1b, This is only slightly less than the energy of a caliber , 45

pistol and 50 ft-lb more than the energy of the tested 9 mm silenced
Sten gun,

To a subjective listener, both systems {(Bell Laboratories
M3 and the 9 mm silenced Sten) sounded comparable in loudness,
However, each weapon had its own characteristic sound signature -
the M3, a mild clap; the Sten, a distinct hiss, A disadvantage of

the M3 is that the wire mesh requires periodic cleaning and replace-
ment,

AMF Silence dTB arrel

The AMF silenced M3 barrel (Figures 69 through 72 and
Table XV) is an experimental item manufactured in the 1940
American Machine and Foundry Company [AMF)}., It utilizes a 5. & in,

leng gun barrel and a 1, 25 in. diameter sileacing tube which surrounds
and extends 9 inches beyond the gun barrel, Wher
rounding the gun barrel is not utilized, the
forms the system!'s silencer. This front

cut iis length with closely stacked wire m
five irregularly positioned rubber discs, In the silenced barrel
tested at Frankford Arsenal, the projectile pPa2ssage through the
rubber discs was approximately 0.5 inch in diameter, Originaliy,
these discs probably partiaily or completely closed off the silencer
interior. The gun barrel of the AMF system is 2 inches shorter than

that of a standard M3 weapon. This, however, results in only a
slight reduction in Projectile velocity,

s by

eas the space sur-
front portion of the tube
secCtion is filled through-
esh discs, separated by

The AMF silenced barrel was tested at Frankford Ar senal
with a2 single shot fixture, shown in Figures 71 and 72. Figure 73

shows the scope trace of the sound pressure-time history of the 5. 6inch
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Cross section, Caliber .45 AMYF Silenced M3 Submachine Gun Barrel

Figure 69.
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TABLE XV. GCaliber ., 45 M3 Submachine GunfAMF
Silencea Barrel

Projectile
"o Weight 235 gi:'
- Diameter 0. 45 in,
5 velocity (at silencer exit) 310 fps
o Energy {at silencer exit) 435 fi-1b
S Travel at peak ballistic pressure 0.22 in,
B Travel in barrel 5.6 in.
H Travel time in barrel 0.85 ms
'ﬁ Travel time 1n 8llencer 0.83 ms
o}
B
,g Propelant
2 Weight (HPC1, double base, flake, web ~ 0,003 in. ) 5gri{+0,4gr
- primer)
i Chamber volume 0.0861 in. J
v
¥
H Ballistic pressure
- Peak 20,000 psi
E At barrel muzzie 1,600 psi
>
< Silencer
e Projectile passage diameter in wire mesh discs 0. 50 in.
' Projectile passage diameter in old
:f rubber discs 0. 50 in:j
E Free volurme (fornt of barrel} 4.9 in, .
S @ Free volume around barrel {unused) 2.9 in.
-0 Volume, stacked braes wire mesh and rubber discs 4.5 in. 3
s
E - Silenced barrel
e 1b
g Weight 2.5 :
8 Length 15.1 in,
@3
A Standard M3 barrel
{mae . Weight 1,25 1b
N =
't i Length 8,0 in.
- v
i b ’
; El Standard M3 submachine gun weight
E > (without magazine) 8.1 1b
F
;
: Time between precursor and projectile exits
! £ Irom silencer (estimated) D, 56 ms
:
117
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jong EUD barrel without a ailencer. The trace was recorded ten
meters to the gide of the weapon, The two prominent sound pulses
‘on the trace were due to precursor wave exit (pt 1, Figure 73) and

s discharge following the projectile exit (pt 2}). The corresponding
ik SpPL'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
gound recorded upon firing the system was generated at the time of
primer initiation, The low peak SPL {~93 db) of this sound indicates
that it was primarily mechanical in nature. The next sound pulse
(pt 2, Figure 74) was generated when the blow-by wave exited from
the silencer, This wave, formed by gases bypassing the projectile,
resulted in a peak SPL of 127 db. Projectile exited from the silencer
approximately 0,65 ms later, giving rise to the positive pulse (pt 3)
of 121 db peak SPL,

y » 230 pbara/cm

=
o
-t
m
o
hn
wd
s
7
O
L |
g
P |
2
8
-

Microphone: Altec BR 150
Tape Recorder: Ampex 351

Ll = 113 db
Lz = 130 db

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

data were extrapolated for comparative purposes,

Sound Pressure-Time History, ten meters to side, Caliber .45 M3 Submachine Gun Barrel

(5.6 1in, lotig), without Silencer, in Test Fixture

Although in most weapons the major sound pulse was generated
at the time of projectile exit, there were some weapons (such as the
caliber . 22 Frankford Arsenal silencer, caliber , 30 carbine, etc.)
Which gnerated the largest pulse because of blow-by. Some weapons

@ Projectile Exit Ground Reflection

@ Precursor Exit from Muzzle
@ Projectile Exit From Muzzle

Flgure 73,

118 i19
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lLem =1 major division

Mic¢rophone: BSK 4135

@ Primer Initiation L1 = 93 db

(2) Blow-by Exit from Silencer : Ly = 127 db

. '3) Projectile Exit from Silancer ' Ly = 121 db
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Figure 74, Sound Pressure-Time History, five meters
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{with gun barrel bleed holes) generated a large sound pulse due to
bleed hole blow-by, In zll weapons except the cailiber .43 Bell Lab-
oratories silenced barrel, this pulse was secondary in magnitude,

The primer initiation peak SPL was found to vary from weapon
to weapon. There were even substantial differences between similar
weapons. However, since in most cases the largest primer initiation
pulse was due to gas leakage around the cartridge case, substantial
differences in SPL could be attributed to minute differences in car-

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

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

The caliber . 32 sleeve gun had the lowest initiation pulse with a peak
SPL of only B7 db,

For some of the silenced weapons, sound scope traces were
taken at various distances {1, 5, and 10 meters). Although the data
are not included herein, it is worth mentioning that with some silenced
weapons the peak SPL readings at 1 and 5 meters were found to differ
by asmuchas 18 db. This 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 & db. It was also noticed that with distance, some changes
occurred in the general shape of the various sound signals, In each
case many of the short sound pulses tended slowly to coalesce, thus
defining more and more cleariy such pulses as precursor, blow-by,
etc.

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

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

*See Appendix C
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sounded sharp and snappy; the signatures coantaining a large number
of pulses or simply more ""hash" also sounded snappy, but less
sharp, mote prolonged, more muftled, and more random in quality,
Sound signatures which were predominatly "hash” {such as those of
the Sten, Maxim, and carbine) sounded like an abrupt initiation of a
hiss {or hish). All sound signatures containing distinct and recog-
nizable shocks seemed more piercing,

Although the quality of each sound signature was definitely rec-
ognizable, the primary factor determining the relative loudness was
found to be the signal's peak SPL.*¥ Whether by coincidence or design,
the weapons with higher peak SPL almost invariably sounded louder
and rhore perceptible., This, of course does not discount the fact
that there may be other dominant factors affecting a given weapon's
detectability at large distances, AsS 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, the main sound spurce
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 as undesirable. The precursor wave of an unsilenced
weapon generated a peak SPL in the vicinity of 120 db. Most of the
straipht-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 weapoens tested at
Frankford Arsenal is feasible, However, a system with noise level
below 90 db at five meters will most likely evolve gradually and only
with a fuller understanding of the noise-generating mechanisms.

RECOMMENDATIONS

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

*See Appendix F T



2. Continuye analytical study of noige

- & = Eneratin i
mechanisms in small arm weapoas. ; £ andattenuating

_ 3.* ’ Acfmstic:a.l evaluation of small arm weapons should be based
on 1-=i_ent1f1cal:1ﬂn and interpretation of individual noise scurces de-
termined from oscilloscope traces of the overall weapon sound history
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APPENDIX A
BALILISTIC CRACK FIELD

When a superscnic projectile exits an unsilenced pun barrel,
the uncorked propellent gases generate a spherically expanding blast
wave, The wave initially bypasses the projectile: however, dissipating
rapidly, it slows downto almost sonic velocity and is overtaken by
the projectile within a matter of a few feet from the muzzle, Later,
in the free far field, the initial projectile lag is overshadowed by the
linear geometric expansions, and projectile, muzzle blast, and bal-
listic crack acquire approximately the proporticnal relationship shown

below.
MOZZLE BLAST ——— \

MUZZLE BLAST PASSED
OVER BY BALLISTIC

ISTIC CRACX

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

—

*¥See Appendix C and Reference 46,
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essentially suffers only slight refraction and scattering by turbu-
lence.

In the far field, the ballistic crack cone is nearly tangential to
the blast wave sphere.

The angle between the ballistic wave envelope and the projectile
trajectory depends solely on the projectile velucityﬁf’ It is8 expressed

by: i
B = tan "} (\fh_riz_--lj

where M = projectile Mach No.

(1)

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

= tan =l JME - 1) (2)

The plot of the ballistic crack field half-angle, §, is shown below.
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“gront of the weapon.

] with the usual super sonic projectile velocities,
? i k it; ~onfined to approximately a 1307 cone to the
R 3 to 160° with projectile

The ccne lncrease ]
b f &, At Mach 1. 5, the cone decreases to about 1007,
er of ©.

piiee
mcztn}dach 1 it vanishes altogether.

a a find application .
ThE;ED:I :]i:mugh the silencer will effectively attenuate muzzle
us,

isti i i sist
the usually loud and far ranging ballistic crack will still per
blast £2®

al 1 i1l be
i To the side and the rear Wi
m-ﬁ.jn the defined frontal cone. ; | ' -
heard the somewhat weaker, spherically expanding ballistic ©

e

reflecting irom the weapon.

Thus, it 18
the ballistic C¥

when silencing a supersomc

weapoh-
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APPENDIX B

SUBSONIC PROJECTILE FLIGHT NOISE

Subsonic projectiles generate noise in flight., Although this
noise is much quieter than that of supersonic projectiles, it can be
quite loud and detectable at large distances from the projectile
trajectory. To the side of the passing subsonic projectile, one hears
the characteristic swish; first increasing, then diminishing in in-
tensity, Although thisnoise, like all turbulence~initiated noises, can
have a seemi lf random quality, in the far field it is generally found
to be periodic, Its frequency depends primarily on the flow velocity
and the diameter of obstruction in the flow; however, as will be seen,
several other factors must also be given consideration. A typical
subsonic, small caliber, flat based projectile generates about 95 db
peak SPL at 10 meters from its trajectory. In comparison, the
more streamlined projectiles are generally found substantially
quieter,

The basic noise-generating mechanism of subsonic projectiles
consists, briefly, of the following. Throughout the projectile flight
a certain amount of air within the turbulent boundary layer follows
the projectile, (See simplified figure below.)

o DETACHED VORTEX

The velocity differential between the surrcunding air and the air
traveling with the projectile generates shear forces which accelerate
the air within the boundary layer into a vortical spin. The attached
spherical vortex size increases simultaneously with increased spin
until the vortex is finally washed downstream, Thus, the amount of
air traveling with the projectile decreases and the process repeats,
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The energy of the attached spherical vortex® 7 propagating at

the velocity of the projectile is

E. ns %;. b3 Po Ve (1)
where

b = voriex diameter, projectile wake diameter;
pu = air densit}r;
V = projectile velocity,

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

Eq s (":b J. ZDG-EE v (2)
4 P i
where
p_ V2
Chb = projectile wake area drag coefficient, P/ =
f = projectile vortex shedding frequency.

Upon equating the above two equations, it is found that

g

Thus, the projectile vortex shedding frequency acquires the familiar
form of Strouhal frequency, f = {const) V/b., For flat tailed projectile:
Cp bas a typical value of 0, 2. When the flow is fully 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

{nﬂnupule source, the far field sound pressure to the side of the pro-
Jectile becomes

2
P - 1__ (d ITl }
4 \ de? {4}
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where

3—:[] = distance from projectile trajectory;
d

dté

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

projectile,
The sound pressure,as a function of timme,can be represented by
P = Py, 8in 27ft (5)
where

P = Peak sound pressure;
t = time.

Combining Eguations 4 and 5 and integrating, the air mass flow rate
at the projectile is found to be represented by

f%?}:-zr?n cos 2nft, {6)

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

2:-
= n

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

<M
Pm = T3¢ (8)

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

m
M = = bYp, (9
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Gumhining Equatinns 3, B, and 9, the pea,k sound pressure EEnerated
by the subsonic projectile is found to be

2 2
agn® PGTOoV™

Pm * 7200 ~ = {10)

Thus, knowing the projectile shape and velocity, Equaticn 10 may be
used to estimate the peak sound pressure. Comparison of such
estimates with experimental data available to date¥ from a few
varionsly shaped projectiles indicated reatively good agreement,

'“____

s : ]
Unpublighed 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;zf’- 34 that is , its sound
diverges as a symmetrical sphere. This is most readily borne out
by the schlieren photographs of discharging shock tubes and abruptiy
uncorked pressurized cylinders (including small arm weapons), 2. 18
Each of these cases almost invariably shows the initial shock expanding
spherically irom the tube mouth, It may naturally be further inferred
that the air or gas behind the expanding shock alsc moves spherically
away from the socurce,

Physically, a monopole source can be envisioned as a spherical
baloon expanding or contracting uniformly in all directions, thus gen-
erating sound pressureswhich also diverge unifgimly in all directions.
The far field sound pressure for such a source” " is given by

p:i-a..(.ﬁa)

amr |\ gp2 {13

p = far field sound pressure
o = ambient air density;

r = distance from source;

Q = volume of ambient air being displaced by source;
t = time.

Algebraic manipulation and integration of the above equation yields

[pat - = (‘{:T?'} (2)

a0 : , -
%E-} = 1mmstantaneous air volume displacement rate at the source:;

Tpdl: = cumulative area under the sound signal's pressure-
time trace.
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with a source {such as a porous sphere, a nozzle, etc,) of constant
gischarge area emitting gas, the air displacement depends on the quan-
tity of gas being discharged and on how this gas expands £_r::nm discharpe
-to atmospheric pressure, In cases of interest tlfle expansion process
ally very nearly isentropic. Thus, the instantaneous air

is geneT
volume displacement rate can be expressed by
B 1/
2) . (7)) ;
('"Eﬁ"} = \Fo Qe (3)
where
P = absolute pressure of gas at discharge;
¥ = ambient air pressure;
ﬂ ¥ =
y = pas ratio of specific headts;
A, = pas discharge area;

E
u = gas flow velocity at discharge,

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

—
Joe = (o) A -

4myr 0

Thus, it is seen that the cumulative sound signal impulse is directly
proportional to the volumetric air or gas flow rate at the source,
That is, the positive and the negative sound pulses represent, 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, it follows that a transient signal must
necessarily consist of both a positive and a negative portion, Each,
however, may be variously distributed throughout time. Although
Equation 4 is sufficient to describe the sound field due to change in
gas flow over a finite time, it is insufficient for application to prob-
lems involving abrupt initiation or cessation of gas flows.

Consider a point source of spherical discharge area, A, It
the source abruptly starts and continues discharging gas at a steady
rate, a sawtooth sound pulse will emanate from the source [see
sketch).
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Steady flow conditions will be establighed behind the scund

1l
where gas flow rate will be .

APy = Agu (5)
where

‘_E:-

sgurce gas discharge area, 4mbh<;
P; = gas discharge denaity;
u = gas discharge flow velocity;

A,P.u = area, density,

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

“h < X € X

P LY
b B R {—p;) (6)
2= ¥-1
a 55 -
z ol 2 7
i = 'l.lt{at = 'L'It {-PT') Y { )
From Equations 5, 6, and 7,
A\ YT
Y+
P - Pt{mxz) (8)
and
v =1
s = o () (9)
where
Pt = absolute pressure of gas at discharge;

ay = discharge sonic velocity;
X = distance from center of source;

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

At distance x, from the source, the gas will have fully expanded
to atmospheric pressure, At this location, x = xg,

P=P. {10)

Q

From Equation 8,

%" Nam \P, .
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and {rom Equation 9,
u SO ¥
= 4 | —-—
O tl P (12}

u, = flow velocity at pt x,.
Pﬂ = ambient air pressure,

whe s«

Bey:;a{nd the distance x,, the g28 remains at constant density and
almospheric pressure. Thus, for X6 € X,

P=P {13)

(PD)

P =p|—

L\ P (14)
L

-d._j.{...:u-uxﬂa_u Ptlfv—ﬁ._t_

i 7 A Vol B e (15)

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

1/3 ¥ +1 Jy -1
s W@ 3uﬂt 3. l:, N At tPt Y 3 i Pﬂ 4‘? T l i‘ﬁ
o x_ AT\ P, "t@ P, (i6)

and
P oAY -l
(|
o Yt P ZY

MBugt 2/3 - (17)
lxo ”] [311 ;ﬁ-(—i_—") N to+ 1]2;3
t

which describes the

and

location and velocit i i
‘ _ H y of a given discharge pas
particle with time. Consider now an abruptly initiated gas ilﬂi
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and the air particles immediately in front of the advancing gas front.
The air velocily and location can be described by Equations 16 and 17,

" The pressure of the air is related to its velocity. Thus, if itis assumed

that the air acquired its velocity by virtue of a passing shock, 29 then
the overpressure will be given by

N

7 YPoM 1+,\ﬁ+?{?+l}mz— {13)

M = ufay,, air flow Mach No.

AP = static gauge pressure,

For M 21, the overpressure may be estimated by

Y+ 1

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

AP ¥y P M2 (19)

2y

[1+"'1M]"'1-1l {20)
2

AP = P

o

For M =<1, this overpressure may be estimated by

AP s 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 ~ kM (22)

where
ky, and k, = appropriate constants.
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Now, a spherical pressure wave diverging from its source can be
described by

APx
r

B = (23)
where

AP = overpressure at given distance x from center of Spurce:
P = overpressure (or sound pressure) at distance r.

Substituting Equaticns 16, 17, and 21 into Equation 23, the far field
sound pressure due to abrupt initiation of gas flow becomes

Y-Pﬂ-zﬂuﬂ
b 20 Pm :
= - B e T 34
{3%1; ]1?3 [3th ]l)‘3 }
¥ + 1 ¥l
Xo xl}

Equation 24 describes a family of curves depending on magnitude of
(up/%c) (see sketch below),

{(p/Pg)

i . G“Z) .
@)

% p.l"pm = gconst,
‘l |
|
I I
{ l
TE Tl +

It can be seen that in each case the sound pressure decreases
exponentially with time, The rate of decrease; however, depends on
the characteristic flow parameters of the source. Except at the time
when the sound pressure is Very Dear pm, the factor 3ugt/x, is
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substantially larger than 1, and the sound pressure can be cstimated by

_Pm__ (25)

EHR Sugt 1/3
Taking the time t as the representative time period of the sound
pulse and rearranging Equation 25,

3 3 3y - 1
ool - rm 1
bos P _ A pJ_ N4m A\Po (26)
Ugn 3ut

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

3y - 1
‘ﬁt (Pt -
4n \Po (27)

= C e~
b -

i

where

C = an arbitrary constant,

This equation is seen to be similar i1n fnrgnlﬁthe "Strouhal' frequency

except for the additional factor (P /P,) Y \,r* It is to be noted that

the sound pulse duration remains relatively independent of the equation
used for relating the air pressure to its velocity. The only prerequisite

ig that it is of the form described by Equation 22,

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

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

sketch),
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By virtue of higher pressure, the

faster than the pulse tail {point 2),
is

shock front (point 1) will pProgagate
T'he velocity of the shock front

1:5 — au [].‘l- "H"‘l'“llpm
w1 p (28)

;Ir‘h]:e p:ulse tail, of n:-:-ursle, propagates at dapproximaltely ambient sonjc
eloCily, ag. Due to this velocity differential, the pulse will tend to

stretch out with time {and travel). Change in the pulse time duration
can be represented in differential form by

dr . X+1 _Pm
2y p o

{29)

odg
Corresponding to this increase in
pPressure will decrease,
the relationship between p
represented by

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

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 29 and 30 indicates that the i1nstantaneous peak
gound pressure of a sawtoolh pulse can de represented in terms of

its travel by

Pmifj

= {31)

Pm [Y +1 PmliFf] r ) 1/2
r - 1n (— + 1]
¥  Paa T, 1

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

1/2
. =,]:11--.»'+1 Pmitl hl(:_)+1] (32)

Thus, it is seen that the relative time duration of a sound
pulse with long wave length and small amplitude changes little
with distance from its source. ©On the other hand, short sound
pulses, especially those of high amplitude, can significantly incrase
in time duration. This time increase is accompanied by a proportionale
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 reflects from the bottom of the
cylinder, the discharge conditions at the tube exit remain relatively
constant and dependent on the initial gas conditions,

If the initial scund pulse due to abrupt initiation of gas flow is repre-
sented by a right triangle of amplitude, p,,,and time duration, T, then

T

.[P‘“ ~ T (33)
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and, from Equation 4, the peak sound pressure becomes

. Pe B Ay
T {17; Apuy 34

where P, and - ;
» £ty 2and y; are, re 4 2
) i‘itd g . spectively, discharge area {nd2/4),

pres-

Gas diﬂcharge from the cylinder depends on the initial gas conditions, Z,29

R = b, (L4 1)2iv-1  pg
Pt = P, (35

[36)
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and subsonic conditions prevail at the tube exit, i.e., locally, flow
velocity is smaller than sonic velocity, vl 2y (¥-1)

" i1f thie initial gas pressure is Fl 2 Pﬂ.( = )
2\ (37)
Pt — Pl{?-i-l).f-l = .EBPI

2al 2a, [T (38)
“ T Wrn  YrINT,

In this case the gas is discharged at a velocity just equal to its local
sonic velocity. This is the usual case found in unsilenced {and most
silenced) weapons, as here the pressures encountered are generally
above critical, From Equation 27 the time duration of the sound pulse

due to uncorking eof a pressurized cylinder is
3¥ -1
aet) =
T = kK il
u

{39}

where

d = diameter ot the cylinder;
k =~ 3, an empirical constant.

Combining Equations 34, 37, 38, an 39, the peak sound pressure due
to an uncorked cylinder becomes

Y +1
5-3Y

2= 1) _pyd LR 2Ly O o)

p =Y( -
{vy+ 1) gkr AT, b

and it seen that the peak sound pressure ig directly proportional to the

Jnitial absolute gas temperature and only weakly dependent on the
initial gas pressure, as long as it is above critical. However, since
In the gun,high pressure is generally accompanied by high temperature,
the peak sound pressure is not completely independent of the initial
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cylinder pressure, If if is assumed that the gas being discharged
;aa_cnmyressed iselntrnpically to its initial condition, then i
| =T, {F .-’PD} 16 ”"f. and Equation 40 can express the peak

scund ' 101k
Pressure in terms of ?E%y the initial cylinder pressure. The

result i (Y +1 )
abl llslth%t Pm on _pl } . This seems to correlate reason-
¥ well with experimental data available to date

- Th:e sound pressure field of the uncorked pressurized cylinder
18 directional, pressure being higher toward the front and lower rear-

:r:rj. Dir‘;cfljr to the' side, it is approximately a representative
erage. his directional effect can be approximately represented by

P
P o IT1

where

Pma = Peak sound pressure at given aximuth angle, B;
. ' '
Mi = wfa,,discharge pach No, :

n = censtant egual to approximately 2;

P, = Peak sound pressure directly to the side,

{422)
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APPENDIX D

GUN SILENCERS

Consider a typical silenced weapon, consisting of a2 gun barrel
of volume vy and a baffled silencer of volume v, {see s_k-e:tch below},
During its cycle, the projectile is accelerated by the high pressure
ases in the barrel, Following this, the projectile travels through

while the propellent gas expands into the silencer cawvity
Just prior to exiting from the gun barrel, the

g
the silencer

behind the projectile, ritin ; :
Pr.ﬂpellenl: gases are typically in the vicinity of 2000° F and 3000 psi,

During its expansion into the silencer cavity, the propeilent
g28 mixes with the air contained within the silencer, The air,
originally at ambient pressure and temperature, is compressed
while the propellent gas pressure and temperature naturally de-
crease. In a typical silenced system, with the silencer volume
of the order of 20 times that of its 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 subsonic {presumably),
travels through the silencer at a velocity close to 1000 fps. Just
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now quickly the E25 behind the
cavity can be gathered from th
shock, sonic, and flow ve
a function of pres sure,

projectile expands into the silencer
the following graph which shows the
locities of air or Bas similar to air, as

@M_B]J:_jﬂ:

%'h&**%%:]lﬂ
D ‘“‘-‘Wﬁ

ot §
. t.-ﬁ-..ﬁ;_n)n-ﬁjl

2y Ua-
%% Nl yn
R
& M‘iﬁﬂ&mz
'%:)”’*J
@ Iseatropi: Wave Soutc Velociry:
RV E

Mach We., val/a,

pru-jﬂﬂtile- exit will be
P) 17y v2 Y

- P t vy
P, =Fg = {1)
¢ 1 + 22
"1

which can be simplified to

1fy
Pr:.n TR |

A e (2)
N
where
P = absolute propellent gas pressure in gun barrel at the
1 time of projectile exit from gun barrel.
Pr::n = ambient air pressure {14, 7 psi);
v, = silencer volume;
vy = pun barrel volume;
¥ = ratio of specific heats for air and propellent gas {actually

for air, vy = 1, 4; for propellent gas, vy a: 1. 2},

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

(f_l_) (E) - 1)
P RS AR NS (3)

T. =
Z 1 V2 _Pl 1/
vy Fﬂ,

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

Where
T
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The absolute temperature of air - . .
(P} :"P{:}ﬁf'l}ﬁ? e air compressed in the silencer is

T WZ"’IS » Which is very nearly equal to Ty. Thus, the

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

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

P,<Po Y} f) Y-1_1.9 p,, then

Pt = Pp (4)
and

- P \Y-1 [ ;= v-1
H.t - ;—:I H.E l - -—ﬂ—-) E | (=2 b d £ 1 --(—-—-.--:F’J':I {5]
Pz "t'-q o o Pa

absolute discharge pressure:

=
®
nt
1]
U
i

¥ = discharge velocity;

a.z Sonic velocity within silencer at time of Projectile exat;
a

I

s ambient spnic veloc ity,
O

i

absolute ambient temperature,

In this case the discharge conditions will be subsonic: that is, gas
flow velocity will be lower than sonic at the point of discharge (1

< a;}). If, on the other hmldwthe silencer pressure at the time of

projectile exit is p, . Pu( b )"'f (Y-I}m 1.9P,

2
then
¥
¢ 2 y+1
P =P
t 3[-;4-1} 1
and

P 2 z
5 = 4w [ _ 7 A {7)
t y+1 V v+l n\rfic
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e discharge conditions will be supersonic, with the flow velocity
harge being equal to the local sonic velocity (u =a.t}. This,

in fact, is the typical condition to be expected in most conventional
silencers. As the projectile exits from the silencer, the abrupt un-
corking of internal pressure will generate a sawtooth sound pulse.

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

C, |

. 3y -1 :
:’ (Pt)’*hr
T = kd\ P, (8)

Now th
ak diﬂc

==

Ut

whete
k s 3, an empirical constant;

d = silencer exit diameter,

The peak sound pressure of the sound pulse is described by Equation
23 of Appendix L,

p.\1/y
b = —Q (Pli ) &tut {F)
m 2nrT 03

Py = ambient air density;

distance from the weapon;

Ly |
I

nd¢/4, silencer discharge area,

o
I

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

pPon, a8

v+ 1 5 - 3y
P . (—2_) F¥-1) YPod fT2) /P2 \ 4y (10)
| IS AR 8kr LT, /| P,

wWhere

P; ana T, are the absolute silencer pressure and temperature,
respectively, established by Equations & and 3.

149



If the silencer temperature is related to the silencer pressure by
T, = Tn (Pzg'Pn}f""'l:'“, which is not an unreasonable estimate, then

Pm oo Pgﬁl‘l'l”'“. The peak sound pressure level of the uncorked
silencer {from Eqguation 10) can be described as

ol -

i vy + 1 3=
g > ) Hy-1) yp 4 (H)(ﬂ_ % -
‘ 1 8k T P ;
L = 20log A% —\o/}o o
. 0002 J

It is inreresting to note the effect of heat absorption in the silencer
on the peak sound pressure, If, similarly to the above, the silencer's

pressure 1s related to its temperature by Py ~ Pﬂ(Tszn}”'“ﬁ, then
the peak sound pressure can be expressed as a f r:timi of only the si-
lencer temperature, which gives py, oo T2 (YHIH4Y -1 wity maximum
heat absorption in the silencer, temperature T willi have been reduced
to ambient temperature T,. From Equation 10, the attenuation of peak
sound pressure level thus to be attained in a typical silencer is in the
vicinity of & db.

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

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

= ——

(ﬁm )_ J:: (Appiu,) de
m e (12}

m ﬂz Ivl + "a"'z}
where Am = gas mass lost through blow-by during time projectile
traverses silencer;
m = initial total mass of gas in system;
t = time ;
P2 = gas density in system at time projectile exits silencer,

The duration of blow-by is limited to the time it takes the projectile
to traverse the silencer. If, during this timme, a constant and unre.
stricted ([maximum) gas flow rate is assumed, then
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j 4

13
i dt = A;Ppugt {
.L (A4 Prug) tPeit
where
At - gilencer discharge area,
Py = discharge gas density;
u, = discharge gas velocity;
t = time it takes projectile Lo traverse silencer.
With maximurm discharge conditions,
3 1/y-1
- (14}
e = P2 (*.,r-i- 1)

_ 2 " T2 (15)
“t y+1 O\ T,

The silencer discharge area 1§ approximately

b
where
v, = volume of gun barrel;
#1 = length of gun barrel;
The time it takes the projectile to traverse the Bllencers 15
2 (17)
£E =
a M
where
1-3 = silencer length;
M = projectile Mach No,

With these definitions, Equation 12 reduces tc
v +1

g (oY frs (53
Y1 Ta \A $18)

(%) S5
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Substitution of typical quantities into Fquation 18 rewveals thar,
within the time restraint, the maximum percentage of gas a typical
silencer can losa through blow-by is in the order of 5 percent.
From this it may be concluded that the blow-by has a3 very amali
effect on the gas discharge occurring at the time {he projectile exits

from the Bilencer,

Examination of Equation 9 reveals that the peak sound pressure
is inversely proportional to the tirme duration of @ given sound pulse,
In a system where gas discharge is initiated slowly, the sound pulse
time duration is governed by the time it takes the system to reach a
given discharge rate rather than by the system?s maximum discharge
rate {Equation 8), Thus, it becomes evident that the loager the
system takes to reach its maximum gas discharge rate, the quieter
it will be. Practically, it means that it 1s desirable to start the gas
discharge irom the silencer slowly and early in the process, gradually
increasing the discharge o when the projectile exits from the silencer.
if it is assumed that the gas discharge trom the silencer can be initiated
at the time projectile exits the pun barrel, the time resatraint is im-
posed by the silencer length and projectile velocity. The time in
which the discharge can increase from zero to maximum will be

T m £2 (19)
oM

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

y+1

Z{y -1 2 1/vy
P = 2 y-1) yPod 2 E‘E
y +1 82pr Ta P,

This relationship gives the minimum peak Sound pressure of a syastem
whose gas discharge was initiated gradually, rather than abruptly.
Compariscn of this equation with Equation 10 and substitution of typ-
ical system gquantities reveals that atienuations 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 blasL wave, Whereasg the latter involves high
pressures which present a formidabile pas mass transfer problem,
the former can be expected to expand through the silencer at almost
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an‘].hl
flections of the

have 3
-ﬂ,ﬂﬁgned sile
pe such as w?

that one 15 equipped

This allows the assumption tl‘m‘fit the Te-

r within a properly designed silencer will
he [orward wave front. In a properly
ilencer components would

spherical exXpansion r_-f_ the
a be seen with

ent sonic velocity,
precurso

; fect on t
actically no ek
. acer, the baifles or other 15
ald not impede the natura _
hin the silencer. Exa mple of this ca

, conical baifles.

two gun barrels identical in all respects except

ideT NOW
Consioe with a silencer (see sketch below).

enerated in the gun barrel will

wave
In the first case the precurscr . in the far field, its sound

be unattenuated. At some distance T,
preasure will be

- Pt -
P3 = e
where
{., = silencer length; | o
P: = Pprecursor sound pressure :ga.uge} at distance £ from gun m
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in the _secnnd tase, the precursor wave wil
{._-pherlcally} In the silencer prior to
At the front end of the silencer,

an absolute Pressure, which can be estimated by

f 2 Y- i
ut -~ ‘:T a’g i- ——{l. Y
Y P, (23)

Expansion of this ®quation and elimination of lower

duces the flow velocity to order terms re-

U w8y -1) _20
¢ yB, T2 (24)

Corre sponding to this flow velocity,

(euage) at the silencer exit will be - discharge pressure

{25)

Spherical expansion of thi
the attenuated pPrecurs

P I
3|r ® ————_2 {'z
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lnfirﬁt ¢xpand unimpeded
EXpansion into the datmosphere,

the precursor wave front will Eenerai,

The attenuation of the precursor,in decibels;is

p3' 2 b
o = 20 og(55) - 20son) S e

gubstitution of typical quantities in Eguation 28 indicates that a
properly designed silencer, approximately b in, long and .35 caliber,
can be expected to attenuate the precursor by some 30 db,

An interesting prcblem presents itself in considering attenuation
of the silences Lype shown in the first diagram of the following sketch,

SAPELAA ST PLLE TS P S ERESE 0 P g e g ’
' F
; "I.l' r ’
d la.l-.'-l m oma BN s 8= o0 .-- — = A

b F -
ra ErEA AETTF FPFRFTLLE PSP Ll s - & 388 ST X

Here, the silencing volume is separated into two chambers, one in
front of and one surrounding the gun barrel. A bleed hole {or series
of bleed holes) leading to the surrcunding chamber is provided in
the gun barrel. As the projectile passes the bleed hole, the propel-
lent gases in the gun barrel expand into the surrouading chamber.
When the projectile exits into the front silencer section, the pressure
in the gun barrel decreases and the pas flow in the bleed hole re-
verses. If the bleed hole is sufficiently small,then, because of the
greater initial pressure differential, gas flow will be faster into the
surrounding chamber than out of it. This technique 1s capable of
substantially reducing the pressure in the front silencer at the time
of projectile exit, An optimum exploitation of this technique would
be to introduce a one-way valve in the bleed hole leading to the
surrounding silencer cavity, Consider the silencer with a relatively
large bleed hole, so that gas flow into and out of the surrounding
thamber is relatively rapid, The gas expansion processes will be
vVery nearly isentropic so that the silencer pressure at the time of
Projectile exit from the silencer {from Equation 2) will be

(;) 1/v _-:f
Py = Py . (vzfv_?.) # 1] =9
L3 |




P = ambient air pressure;

T
i

1 pressure in gun barrel just before bleed -off;

vl = volume of gun barrel before bleed-off;
¥y = volume of silencer chamber surrcunding gun barrel;
v, = volume of front silencer chamber.

in a silencer with a bleed hole vailve, the expansion process up to

the projectile exit irom the gun barrel will be similar to that above,

Beyond this point, however, the gases remaining in the gun barrei
will expand into theforward silencer section while the gases in the
surrounding chamber will be trapped pending possible slow reiease

Isentropic expansion up to the gun barrel muzzle gives the gas
pressure as

;
- (_i)m v
P, » K L t 3 {30}
=
()

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

-

r— e —

{ 17y g
P3” ™ Pﬂ- .._:;n...._ + i (31)
=)

M

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

1
o

bl &)

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

[ 3 1/ v Y
_2
e .

[ -
Py" = P_

TEr—

e

156

(33)

: - i tion 33
. 3 1= found in silencers mto Equa ‘
gybstitution of typical gquantities i .

jndicates that in order toc o

silencer €

ber.
ward cham !
kleed hole valwve and the sim

htain MAX1TNI attenuation, th
oximately 0.7 times that of the for-

tion of the silencer with a
lencer can be estimated®

hamber should be appy
The difference in attenualion
ple volumetric s1

from
PSr {y + 1)/ 4y (34)

' + are as defined by Equations 29 and 32, In a silenced

1 pressure of 2500 psi and sil&ncer-_tu-gml

the bleed hole valve technique T.le:ldﬁl approx-
tion in peak SPL. The technique can
e silencers and less

system with gun barre
barrel volume ratio of 20,

imately an additional 4 db attenua '
be Expzcted to be more effective with small volum

effective with larger ones.

—

D T T e —

X
See Equations 10 and 11,
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ATTACHMENT FOR BARRELS OF FIREARMS.

APECIFICATION
formmg part of Lelters Patant No. 858,084, datsd Dctober 2, 1900.
Applicativn K1sd Jazonzy 5, 1298, Beris] No. 701,940, |¥o medsl)

To all whom it may concern:

Be itkoown that we, READE BfAcoN W ASH-

INCTON and ALFRED WrLLis CaPy, of - ;
in Fhoeountyof Dulles aal bros ﬂf I’.;‘:!:IE In fart the chainber in the body preper may

B be readily cleaned i 3
& hate mvaonted a d : Y Clean when desired, the Tear and
15 1he -Hnrrels of E‘;:;u;“ﬁ“i;}mﬂﬂfgh Er;un -ﬁi;ht’l!:.lﬁﬂﬂﬂiﬁﬂ 11isclosed by a plog ™
ine i ; ' - | 12. Berew : :
h;’l:egﬂt;g full, clear, and exact description. | secnred in pluEInT‘;u;ﬂ;hﬂr:T: f o
simpla ]'j:;]i' ol my in Venton 18 to provide & F casiog A is flush with mﬂl’["ﬂmn . ﬂf]? oL tha
» Elhihl.:unnt ;ﬂl‘:}:ﬂdumhlu devicaadapted for | facs of the harrel in order l-htpl.nll:]ﬂ n?:h':‘-u; $o
il man;r::fﬁ;:ﬁgzﬁ:'lf:;l& i snid barlr:i.l shall not beinterfered with. The
STy spare within the casiny A :
E:gst.rnmi}ha attachment that it will ma- | 11 inay be tormed “'!F“::i;:l;:m:
sy ahmen iﬂr enlirely prevent the noise { bit certain portione of this alpanﬂiun—gbu;
& orimn AR b : eapon is discharged, and will | ber are shut off, as will be hersinnfter staled. 6
when binck p':f.dfr' ‘ﬂﬁE“ almosteutirely | The h:jr-ming A is ndspted to receive a :
A further shi i . cap B, the eap being at the forward T
1 A furbor Shjoct of the invontion is (0 st | o5 oulof hb esng and b oo
1ng the power or :EEE::ETIH:ETE:‘D-M impajr- | toslide withia the body-casing and is heid in
- ) rRCY | BHPOD. engagement Ltherewith i
Etmﬂi;veu:;ul consists in the novel con- I aer—as, for sxample, ﬂ;:;:gjl;‘&rzﬁ :n“; 7o
e uk Tt poopnvination of the sevaral | spring clips or tongnes 13—us khown in Figs
nod pointed out inﬁﬁlﬂ!d:ﬂ fully sat forth, | 18ad 3. The inmer fuce 14 of the cap B is
5 | - > . 2 iy
Ref : - ) inclined, the inclination being from th
, drawiE;E?;ritiﬂn hﬂ "l%ﬂtli;l-ttlt]qﬂtmqmgmg per adge downwardiy and forward ty ang'?if;
s whieh, l;i i) Hhﬂl"ll‘ i3 EIIE-EIEEHEIDU, inner-faer of the enp in open from a "11; al 75
cale mrrua;:;:if.g pr:“:‘?'i';f"r;fl";“ﬁ wli- | near its boktom Lo & point nwmm TE;
Fi . . el 8 Aglres. upper portion of the inner incli '
the Lgl..::Zillr a :mdﬂ'ﬂm atton of a rifle and | the cap B is provided iimr:ﬂ’;ﬁi fﬁmlklinf
o lonaincimout applied theretv. Fig. 2 is a1 15, and the said deflecting-plate has m. ey
: .];“w" -n:lhi E}E:E“m;ﬂuﬁhmﬁnuﬂchm“} ing 16, the canter of esid vpening ::i:ga;; s
s larger scale than in Fig. I, and lnngil;:mdinu.l alinement with i
e oagiiudinal sectioa through 1has por- 1 bors A’ of the barrel. SRR B
appliod: and rF to 'H:]'lll:h the &itachment is Immediately forward of the opening 16 i
5 Seuion akon pasetiouly on-sus one s a2y | o flecting plate wad ut the Tormard . S5
Fie. 2 na per end of the enp s chamber 15* i
ir&pr&mnt& acaring, which is usnall L mwhanialect], Eh;nmrﬁfhmh
oval in eross-gection eadly made | inlet is in & plane with the contrer of the axia
This casing is mﬁd:& :I:L:hﬂ:} in ¥ig. 3, ! of the opening 16 in the defeeling-plals and
5 reirond o 4s bed iy L 1:;23;:?; | :lfp axis of ;h-a bore A’ of the barrel. This go
iar i Sl - | alinement of the openiogs 17 ‘
lax s adapled Lo be serewsd upon or atber. | hore of the barrel s in order that the bulls
of the barrel A° f & gue, 6 showa pariioe, | & ey o) rom the barrol may pass through
larly in Fi : riicu- said openings 18 and 17 a
5 lha}h:::l Fjlg' 2. AL the rear lewer portion of | the chmll:r Fﬁ?ribhuutlgnmm}flm}t th'mtfl
To s Fwﬁgqiﬂﬁ A tuttim]ar 6xtousion 11 is | slightest degree with any of "hﬂnrm:nghl: {m: v5
ed, usially cirenlsr in eroas- | designed te ron .
Covtons "y e, e rosaectons | TheTaae acoov ol the chambor 10
- B ng ] is inolined, And B
is . : B
. hﬂ;pbﬁd o extend rasrwandly beneath the | this wall aroand the inﬁlniv > 1'Inrmad g
| R Decessary distunec when the casing | flangs 1Y in adspted na a “Wf'::z F.: T}I’l 100
senl ve 19,

*is faatoned to | which valve closes the indet 17 of ths oham-

| tha barrel by m strap or ilsa equivalent, I
order thas the extansion 11 ;lnha body nn:;
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go impesded o corragpod 2 open

g0 ing ab right angles to 1hp Guter

30 shown in Fig.

35

554,034

per 16* immediately after the discha. 2o of 1hs
bullat; hat nurmally the valve is e to hear
ayrninst the inner fes of the lawer porikn
of the dofecting-plata 15, mesiLming & plesi-
tion parmilel with the line of the inner face
of the cap B, ns shown in posikive lines in
¥ig. 2. The ppening 16 in tha Fefeatins
plate is made in ths bower pelps, and in oeder |
that the discharge of the bgllst shall not be
inz 20 ix madn
in the apper entd uf the valve, aud when the
yalve 14 has bearitiy mewinst the deflecting- o
plate 15 the apeniny (o the waivo und the
ppening in the edge of the deflecting-plate |
1§ repgiscer, Forming an apenivgaf sufieient sinp
o perinit the nninderrupled paswiro of the
bullet. 1
Anarm 21 ix =penred (o the front feee of |
the lower portivn of the vaive 19, she wvma be- |
face of said
.galve, and the vadve ix pivaled 10 the cap B
by m pin 22, that 1y nassed 1hrasgh the oap |
and through the sakd ario, s shown e s, |
2and 3. The valve 19 is held in ks open pa-
sition—that is, ip poygaremeni wirh the de- |
fleeting - plate—-ly meany of a spring 23, ;
nssally attached o the bottom outer wall of
the chamber 15*, the spring having braring
AgALURL the uppwer surfaer of the arm Bl A8
+  Inerder that the soring 23
may be repawred or replacved whien necersary.
an opening is nade in the frnut of the cap;
beiow the chamber 16%, aml thiz opening iy
normally ¢losed hy w block 21, .
Tn the npeeation nf the artashment when A
gun is ficed the ballet isdischarged ns usunl, ;
apd in passing aut from the haresl does ool
touch or interfere with the mechanisin of the
altachment, as has beretefurs been stated. '

5

25

40 The expuandioyg -gases strike the deflacting- |

plate 13wl the valve 19 st the same iustant. |
The deflbeting-plate being rigid and inclined :
towar:d the valve turns the How nf gas down- .
ward in direciion of the valve, and tha vaive

45 being freo Lo wove vutward is 1hrown apainst

15 seal 18, as shown in dotted lines im Fipe 2,
and is beld there until the insikle pressare of
the gas in the e punsion-chamber nnd barrel -
of the pan hecomes cqual 1o the oo1side pros-

50 nure of the atnaspheric air plus the tension |

of the spring 23, whereupon the valve again |
opens gmid the zun is reaky for suothor shot.

The gas, inatesd of rushing inte the uir as, £ ~CLil
. and w valve normally resting with 118 upper
35 expansion-chamnber, which the gas itself had | end on ~aid deflectine- plate, anrd adapted to

closed. The action is very quink. the vari- - be wnved 1o cloge saidl passayge-way by the

' apcl alaTion of gases withio the said casing,

usial, is turned by the valve back 1wl {he

ous slops describad fotlowing ewch othier i3
Praclically n moment of time.

Theexpansion-chamber, whichiovludesibe

89 eubic eontents of the bore of the gun, acts

substantially us & condonser, uud al the Lime

of Gring no swoke is vixible. 1 pon throwing :

Speh the breech of the gan as 5000 48 possi-

5 ber

light emoke; but the deposit upen the lands
And grooves is not more than usual, as the

I

' tion of the gases, substantiafly as described.

granter portion of Lhe doposit wili be fonnd
npor the yvalve in nearly & direet line with
the axis of the bory of the gon,

ilaving this deacrilid our invention, we
claim as new and dasire io wacure by Letters
Patent—

1. A casing preanged for attechmant 1o te
barrel 5 A gun, and havisyr an ontlel for a
bullet, nn inelined deflecting- plaio in said
enxing und » valre normally hull o an opro
position and opernted hy the gases o elose
the ourlet for the hnlist after snid bullet has
excaperd from the casivg, substantinlly ns de-
~crihed,

4 A eaxinyg pravided with a gas-eondensing
ehamber amt arringed for connection with
Lhe barral of 34 gun, tbe =t ehembar ’lﬂﬂﬁlﬂ
an ottbel For 4 hulist, the 3aid aaring having
a tabular oxtansion forming part of Lhe gas-
coudenstng  chmmber and extewling rear-
wardly beneath the barrel of the gun, B clo-
stre for the rear end ol said tubalar exten-
mion, » valve oparaied by the gasea bo close
the outlat Bor Lhy baliss after said bullet has
eacaped nud a suppoet against which said
valve aormally resis, tbe =aid support beiny
locaterd halwaen tho end of the guaa-barrel and
the outlet for the buallet, substaatially ss de- g5
seribed.

3. A casing adapted for atiavhment b the
bareel of u gun, & chanher at the farward ead
of said casing and having an iole in i in-
ner or rear wall 1o line with the bore of the oo

J~=

9o

| wun, o piate in said easing betwaen the rear

sud of said chainher and rthe end of the 2nn-
barrel aud & pivoted valve norionlly resting
oo the said plate, the pluts won valve beiog

const encied o perib of the passags of 4 hal-
181, the said valva being adapted Lo close the

nperiog ia the rear end »f aaid ebhamber ima-
mediately after the waeape of the bullat, be-
ing carried Lo said closiog position by the ae-

10§

3. A device adapted tocontrol Lthe noise of
the explosion of a4 charge aud prevent the es-
cape of amoke [rom the muzzio of a gun, sadd
device annsisting of a eaxing arcanzed for at-
teehment to the wuzzle of a gun, the ¢asiog
being pravided with & dowowardly asd far-
wardly extending deflecting-plate having an
opeuing ia line with the axix of the barrel,
the casing being provided wilh s passage-way
For u Dullet forward of 1he deflecting-plate,

115

| an described.
5 The combination, with the barrel of &

pun, A casing attached to the muzzle of sl
barrel and s cap removably secured in the

after firing 4 buliet the expansion-cham-
will be found practically Glled with &

forward end of the casing, Lhe cap being pro-
| vided with au inclined deflecting-piate hav- 130
" ing wa opening thersiun in line with the axis
of the barrel, of & chamber forward of Lthe
deflocting - plate, previded with an opening
also'in line with the axis of the bovre of the

65

1

L0
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4% Againat the lowar portion of the defleecting-

B

458,084 4

gun, and a valve haviog
agninst the deflecting-plate, the said valve
being forcad to u seat at the ialet of the said

baaring normally |

B. A casing arranged forattachment to the
barrel of & gun and provided with a gaa-con-
duvnring chamber, and a cap removably Be-

chamber, by the mction of the gas accomu- { cured in the forward and of said easing and
Jated in the barre! and back of the said valve | providad with a chamber baving an opening

and deflecting-plate, after & hullst hna been
diseharged, as described.

6. The combination with the barrel of m |
gon, of s casing uttached to the inhzzle of said
barrel, n eap secursd in Lthe formard end of
the casing apd provided with an inclined de-

in lina with the axis of the bore of the gon
and formiog s passage {or a ballet, s valve
pivoted in said can amd operated by the gases
to tlosa the nutlet for the billet immediataly
after the sacape of tha Luller, the said eap
being provided with an opening in its froat

flecting-piate having as opening 1herein in { Lelow thasaid chamber, and a ¢closure forsaid

iine with the axis of the barrel, n chamber
forward of the deflecting-plata ypd provided
with an inlet-opening also in lipe with the
bore of the gun-barrel and formed with a
valve-aeat and A spriug-pressed valve nor-
mably resting against the deflecting-plate and
adapted 1o be forced against said valva-sanl,
sitbsisalially as deseribed. |

7. The eombination with the barrel of a ;
zun, snd A caning attached tu the muozzle of
the barral and baving a tubular extansion st
the 1ear lower portion provided with u remoy-
able closure AL I8 rear end, of & cap remov-
nhly secnred in the forward end of the casing, |
the inperface of said cap being inclined from
the upper edga-dowowardiy apd forwardly

opening, aubstantinkly se described.

3 A device adapted to control the noise of
the explosion of A chharge aAnd praveat the es-
eape of smoke from The muzzie of & gun, the
said device comprising & casing arranged for
attachment tothe mnzzlenf a gun the casing
being provided wilh » passage-way for a buol-
lut, & valve for closing s«id pmesapge-way, &
spring for noralty bolding said valve open,
and u deflecting-plate for torning the Aow of
gas toward the vaive, the valve being carried
to elosing poxiiion by the rases,

H). A casing for atinehment to the muzzle
of A yun. A vap removably secured in the for-
ward snd of raid casing nnd having 8 valve-
seAl with an opening b Lhe passage of the

aod the swid iuner face being open from "J builet and a valve carried by said removable

point nt o7 near its botloms to a point nearthe
top, an inclined deflectiog plate st the npper
portion of Lthe inclined inaer face of the cap,
the waid pdate having aa openingia its lower

ge in longitodinal alinsmnent with tha axis
of 1he bore of the barral, 3 ehamber formed
al the forward upper end of naid eap anad for-
ward of the plate, the said chamber being pru- |
vided with sn inlet in its inner wall in lice
with th» opening in the plate and the bore of
the tarrel, the inner wall of waid chamber he-
ing inelined and baviug a Aangs forined there-

cap and free to swing, the said valve bsing
- pormally held in an open position, aod adapt-
od te be moved by the setion of the gases to

F & closed position, substaptially as Jdescribed.

11. Aeasing urrapgnd foratiachment to the
muzzla of kg, A removable cap fitted in the
forward end of the casiog and baving a valva-
seat with ab opening for the passage of ibe
bullet, the axis of said openiog ecineiding
with the axis of the bore of Lthe gen, a valve
carried by said enp and free toswing Lo closo
said opening, a spring fofr normaily hoiding

on amonod the inlet-opening and conatituting | said valve in the open position, and & deflact-

avalve-sast, and n pivoted sand spring- pressed
valve pormally resting st ids upper end

piale and having an opaning atiis upper edge
forining with the opening in the lowor adga
of 1thedefiscting- plate, a passage for the bui-
let, the said valve baing forced to its seat at |
The ialet-openiay of said chamber by the ae-
Livn of the gases after w bullel has been dis-
¢harged, the front 4f auid eap baiow the chum- l
ber having an opening providaed with- a re-

ing-plate enrried by the cap and arranged to
deflect the guses toward the valve, the said

i valve being closed by the action ol the gaees,

wherelyy the asid casing receives and eonfines
for a Lime the gases resolling from fAring the
gun.

READE MAOOR WASHINGTON.
ALFREE WILLIS CAPY.

Witnesses:
0. A. HXBERER,

movabls elovure, for the purpous aai forth,

H. W. KELLY.
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It is hereby certified thal in Letters Patent No. 858,934, granted October 2, 1900-
apon the application of Reade Macon Washington and Alfred Willis Capy, of Dallas,
Texas, for an iaprovement in * Attachments for Barrels of Firearms," errors appear
requiring corryetion, ae follows: In the graat and in the printed head of the specilica-
tion, it is stated that they hare assigned ame-fourth of their right to saidl Waghlnglon,
whereas it shonld bave been stated that said Copy assgnod one-fourth of the antive right lo
said Washmgion; and that the said Latters Patent should be read with these corrections
1 toerein that the same say oonform to Zhe record of the case in the Patent Oftice.
Bigned, conntersigped, snd sealed this 16th day of October, A. D., 1900

Correctiuns In Lettare Patent No. 658,934.

[smar.] F. L. CAMPRELL,
Asidant Secrelary of the luterior.
Countersigned :
C., H. Domzr,

167



Na. 658 D34 Patenied Oct. 2, 1909,
R. M. WASHINGTON & & W CAPY .
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Patent No, 5478, "Device for Silencing a Firearm'
Iasued to Josef Hutfless, 1 June 1901, in Vienna

Transilation:

The proposed innovation has to do with reduction of noise due to
the sudden discharge of propellent gases after firing a weapon. It is
hereby claimed that the barrel will close after projectile exit. The
propellent grses will be released after passing through two or more
regulating tubes rumning parallel to the barrel. In this way, the
pressure will be reduced and the gas exit will cause only an insig-
nificant noise.

The inventicn, for gpplication to sporting guns, is showm 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.

Ap 1s evident, the muzzle of the barrel forms into 2 funnel. At
the bottom of the barrel, a, are arranged two parallel thin walled
tubes, b and ¢, which are connected 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, c, is equipped with a row of
holes, d,

This weapon requires the ugse of special projectiles which are
made up of two loosely comnected partg, m and n. The charge is di-
rectly behind part m, which 18 of the same caliber as the straight tube,
while the froot part of the projectile, n, matches the narrow part of
the tube and is counected to the heavier projectile, part m, by a fixed
Pin.

The operation of the device is s follows. Upom firing the weapon,
the developing propellemt gases in che tube push both projectile parts
m and n up to the nmarrow tube, Arriving there, the heavier projectile,
m, will be forced in the narrow barrel (position m'} and thereby held
back, The front projectile, n, in consequence of its acquired velocity,
will free itself from the back projectiie, m, passing and exiting
through the remaining portico of the barrel (position n').

The propellent gases do not pass into the atwmosphere through the
muizzle of the barrel but, because of the obstruction, they enter tube
¢ through the opening g. From here they pass into tube b and leave the
latter, with esaentially reduced pressure, through the arranged holes,
d, in the frent emd of tube b, whereby only a hissiog noise 1s produced.

As the result of this operation, & loud noise will be avoided and
the propellent gases will leave the tube proeducing a damped, ummoticed
nolse, The remaining projectile part, m, in the tube can be removed
through the ipsertion of & charging rod.

170

Patent Claim

A device for silencivg the noise preduced hy_firiuﬁ a mapqi'n:
h:;'fullnw:l.ng menper. The barrel pear the mzzle is to be funne
in €

hgpgﬂ re intercomnected
to this are to be commected coe or mo
:ubell %:::ﬂ ﬂ::.ch the gases discharge through many small openinpgs.

»_ Two-part projectile, which is described above. The powder

e is to be behind the rear part, which is of the same callber

part ig to be loosely
barrel, and the frount , which
mﬁzgt;e f:l.rst,pu':. will have the same calliber as the marrow

Pﬂrtim of the barrei.
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UNITED STATES PATENT OFFICE.

HIBAM PERCY MAXTM, OF HARTFORD, CONNECTICUT, ASSIGNOR TO MAXIM SILENY

FIAEARMN COMPANY, OF NEW YOREK, N. Y., A CORPORATION OF NEW JERSEY,

Specificatisn of Eztters Pateat.  Priented May 24, 1910.

958,935.

AppHoation ffied November 10. 1008. Serial Ne. 485,051

To 81 whom i1 TRaY CORCErn.

Be it kinown that 1, Hraw Percy Maxiu,
a citizen of the United States, residing In
the city of Hartford, in the State of Uen-

g necticut, hava invented cartain new and use-
ful Improvements in Silent Firesims, of
whi iﬂe following is a specification, refer-
ance being hud to the aceampanying <raw-
ing, forming a part hereol.

19 n%n the coniinued use of silencers for Lire-
arms in whick the encrgy of the powder
paoes is dissipated in rotary or whirling
movement of {he gases before they pass inte
the atmosphere, pnd in which a series of par-

15 titions, diapbra or sprenders are sup-
ported by a shell or casingr at the muzzle of
the firearm, the rotary or whirling move-

ment of the gases taking pluce in the cham- -

bers formed thereby, the partitinons, dia

20 phragms or spreaders nearest the true muz-
zle of the barrel of the firearm are expased

to the highest pas pressure, while those more
remoie from the muzzle are exposed fo much
less gas pressure.  laghtness in the silencer

26 can be secured by making the partitions, dia-
phragms or spreadess in the zone of high
gas pressure of sufficient strength to with-
such pressure nod by making the par-

linphra shall be securad without requir-
ingpélxru%?:bnr in the assembling of tthu. 55
phragms anc casing.

The .nyentior wiil be more fully ex-
plaired hereinafter with reference to ths se-
companying drawing in which it 8 illus-
irnted and 1n which— 80

Figure 1 13 8 view :3 stde elevation of an
ordin sporting rifle equi with a
Sjlﬁnﬂ:?"ﬁr‘h];[{'h embodies th?]qineélrfgun. Fig.

2 s a detuil view in section and on & largar
scale of the silencer shown i Fig. 1, & por- 65
tion of the barrel being also represented.
Fig. 3 is a face view of one of the dia-
phragins, showing the recesses in the ar-
cuia ferenre therrof. Fig. ¢ Is a transverse
sectivn of the supporting shell or easing, 70
showing the longitudinal key.

Iu the embodiment of the invention shown
in the drawing thers s seeured to the ex-
iremity of the barrel a of the gun, in &ny
suitable manner, as by screw threads, a cas 75
ing . which is preferably substantially cir-
cular in eross section and of greater or less
lenigth az mar be reguived and forms a su
port and inclosure for the series of single
siiencing devices cr partitions or diaphragms 80

s or spreaders ¢ by which the gases, which es-

titions, diaphragms or sprendecs more remote -

30 from the muxzle of thinner and even of
lighter materiai. [t is fonnd, howerer, that
it is necessary to provide an abutment for
the heavier and stronger diaphrsmns oear
the muzzle to support them against the im-

38 paci of the gases and (o relieve from great

Pressure the socoessive lighter ﬁiaphm?m_slf ;
v

which are liable to be cruslhoed eveniual
the resistance is through them.

cape at the mozzle of the barrel 2, are com-
pelled to acqnire, within successive cells or

- chambers formed by 1he diaphragms e, a To-

One object of the present invenlion, there- |

48 fore, is to provide such a constouction of
silencers of this character as shall be eca-

Pable of withstanding the impact of the-
gases while at the sanie tume the mimimam |
of weight in the silencers is secured. Fur- :

4§ thermore, in silencers of this churaster which
irg eccentric with reapeet fo the xx1s of the

" viee, into the annular chanber 1

it 1= necessary to assure accprale

ghn ]
alinement of the coenings through the suc  pa

Cessive diaph s for the of the
5 proj - ! ragmn passage

It 18, therefore, a furlher object ¢f this

lovention to provide & consiruction by which

L

tary or whirling movement. PS
In the embodiment of the invention shown
each singlie silencing device e is generally
circular or annular with reference to the
axis of the shell or casing &, and is spiral or
conchoidai in cross section, an opening & 90
being formed for the passage of the pro-
jectile. In the coastruction shown, such
opening 1< eecentric with respect to the axis
of ihc %..:heil or casing. As is now well uo-
derstood, the powder gases rre directed by 95
ﬂi& fruat-umnnri::;il portion uﬁﬂ;ﬁh d;;:-
Tagm or er, or single i .
phrag sp el neing 1
the diaphragm and acquire thersin a rapid
rolary motion 1n which their energy 18 dissi- 100
. The diap or spreailers, as &7,
nearest the muzzle of the gun are naturally
anbjected to the highest pressure of the
gascs, while those more remote from ihe
mu2zla ave subjected o a considerably lower 105

Such alinement of the openings through the ; pressure. Those more remote from the
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muzzle of the gun may, therefore, be less | proper relative position with the
capable of resisting high pressure than those | £* in accurate siinement with the of - ~aion of chembers, sach of the dia-
pearer the muzzle and may be made of much | the barrel q _ _ 3 A silencing device for firearms, -r:nim— H;E: sui:.,“r T At Tecaing nn A
S k. e Hum Sy i ) Elum}]“ s mjveqtmmf: rﬁ;ing a supporting shell o Eﬂm.ﬂﬁ‘- !ﬂ{-%pg I Et-llﬂ:ﬂtrgmnli:lljl? conchoidal in cross section
s muozzle, or mey even be made of -lmmimm 1 A =i T;lr::ﬂg fevice for ﬁreqrms,f L‘E!Il- A Fories of diaphragms or apnj:uil_er-:. . Ewr;&_ T Raving an opening m“mﬁl!i’ Fie:
Wil Liode neareg the AILRES EED M5 & s e g n PR ok LY ‘0 the shell or casing ancl fivong ul- ‘ms  posed fnr‘lﬁm pussage of the projectile, the 3§
steel. However, should the diap or | phragmie or spresders disposed in the shell in "¢ chumbess, each of the ¢]mp‘|r_agll.-. -["h{*ll or tasing having an interior ridge or
spreaders nearer the muzzle rest tly | or casing mrf*?m f [?mr:};im 'tIzE%Z]E and ffﬂ!‘tlj':tll- 5 ﬁ:islp onders Raving an opeoing .31-ﬁ.,,lr;L-?i1! g o e o1 the diaphragms or spreaders
that tti:}:mﬁrltﬂ mmm‘ ﬂimmm ‘Tﬁiﬁ | :ﬂf Er:u 'u?r“:i" ftanltrsu;m::; EinChomﬂ i:ne & d for the passage "f ';T; Puw; :idm:- having & key-way to cobperate therewith.
N m'tte:l tl:r gr the vfimﬂ they would fm:'p'he gm;u E-if'; thi m'eﬂ:ih:g, and B rﬁlf L the shell or Eﬂﬂ“f h“"'m;’?f "uj*l;',;ﬁ-q' ms or  This specificabion si and wi
ovutmily b brokao down. Ts cbvists | tively Rexiy o s diephragm or or key and rach of (he il iE et this 27th day of November, A. D., 1908
this, an abetment is formed in Lh? shﬂil_n: s spreader disposed in t}m shell or easing ad- 10 S m:f:ﬁ hving T | ITIRAM PERCY MAXIM.
casing < to receive the pressure of the dia- | jrcent to the mnzzle of the firearm and also i wice for fireazms. com- i i -
15 phragms or spreaders m the zome of high | having an opening for the passage of the . 5 A; ?IE;SE&*{?;:;?H or eastngr and v | Sigoed 1n the presence of

gus pressure. Soch abutment may be vari.
ously formed, but as s convenient and inex-
pensive, bui effective construction, the shell

that the number of heavier or stronger dis-
phragms or spreaders employed will depeard
upon the character of the gun to which the
suencer 18 applied. For a light power

it is sufficient to provide one heavy, steel dia- |

phragm or spreader ¢, as showa in Fig. 2
of the &raﬂwglg, but with a oun of hilg%er

pawer two or more of the heavy steel dia- |
phragms or spreaders mav be required. Of |

course the number of the lighter diaphragms
or spreaders employed will also depend upon
the character of the gun to whick the si-
lencer 1s applied and the effect to be pro-
duced. In tﬁe construction shown in Fig. 2
?aoe 1s provided within the shell or cusing
for
phra

more than ovne heavy or strong dia-

gm or spreader and a spacing slecve o2 |
18 introduced to hold the single diaphragm |

or spreader in place.

It will be understood that the provision
of an abutment for the heavier diap
or spreaders iz equally desirable, whether
tie silencer be conceutric with the axis of
the gun barrel or eccentric with respect there-

te.  In the construetton shown in the draw- |

ing, however, the silencer is eccentric and it

therefore becomes desirable to provide means : au vpeing for the passage of the Emjmtile,

. and a heavier or stronger diaphragm or
. zpreader disposed in the sheil or casing ad-
- Jacent to the muzzle of the firearm and also

for readily assuring the eceurate alinement
of the openings ¢’ in the several disphragms
or spreaders with the bore of the gun Lar-
rel.  For this purpose, in the cosstruction
shown, each of the diaphragms or spreaders
1s provided in its circomference with a key-
way, ad shown at ¢ in Fig, 3, and the sheil
of casing o is provided with an internal
longitudinal ridge or key 4*, which may be
conveniently formed by rollmg or pressin

a surtebly shaped tool into the outer wall ﬂ%
the casing. With this construction the dis-

phragms or spreaders cannot be introduced !
or casing cacept in their !

. dbutment to resist the forwar

_=neil or casing remote from the muzzle and
. forming a somession of chambers, each of

projeciile, {he sheil or casmﬁ having m%
pressure o

- such keavier disphragm or spreader, where-
or casing &, after the lighter diaphragms or .
?mdm ¢ have been placed therein, is'
ormed with an inner circumferential ridge . relieved of the pressure of the heavier dia-
or shoulder 4’, as by spianing, and against ' pi
such abutment the heavier diaphragm: or!

readers e* rest. If will be understood prising o supporting shell or casing, a8 series

by the hyphier diaphragms cor spreaders

retnvle from the mozzle of the firearm are 65

pnm%;n_ or spreader,
2. A sileocing device for firearms, com-

of dinnhripms or spreaders disposed in the 90

the diaphragms or spreaders having an open-
g for the passage of the projectile and
forming an annular cell substantially con- g
choidal in cross section, and & heevier dia-
phragm or spreader disposed in the shell or
casing adjacent to the muzzie of the firearm
and also having an opening for the passage
of ihe projectile and also forming an an- ;4.
nular ceil subsfantially conchoidal in cross

- section, the supporting shell or ¢cesing hav-

g an abutment {o receive the pressure of
such heavier diaphragm or spreader, where-
by the hghter diaphregms ot spreaders re- 455
mote from the muezzle of the fircarm are re-
heved of the pressure of the heavier die-
phragm ot spreader.

J. A silencing deviece for Grearms, com-

| prising a supgorting shell or casing, a series 119

oi diaphragms or spreaders disposed in the
shell or casing remole from the muzzle of
the firearm, each of the disphragms or
spreaders forming an annular cell substan-
tialiy ennchoidal in cruss seetion and having 115

forming an annuler cell substantially con- 120
choidal in cress sectivn and having &n open-
g for the -of the projectile, the sup-
potting shell or casing baving an interior
circumfrrential ridge forming an abutment
to receive the pressure of heavier dia- 128
phragm or spreader. whereby the lighter dia-
jnhra%'ms or spreaders remote the
muzzie of the firearm are relicved of the
pressure of the heavier diaphragm or

spreader. 130
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UNITED STATES PATENT OFFICE.

EUGRENE THURLER, OF FRIBOURG,

DEVICE FOR THE SUPPHESSION OF THE BEPGRT OF FIREARME

1,000,702,

Bpecification of Letters Palent.

Patented Aug. 15, 1911,

Application Sled Hovember 2, 1910, Serinl No. 500,587,

To all whom il may concern’:

Be it known that I, EvcExe TeurLEw, 8
citizen of the Swiss Confederation, ressding
st Fribourg, of the Swiss Confederation,

$ have invented certain new and useful [m-

ments in Devices for the Sappression

of the Report of Firearms. of which the fol-
lowing is a specification.

This invention relates to devices for less-

10 -ening the report of Bre-armis.  According
to this invention the energy with wlach liw
guses of combustion teavel is desicoyed by

iding said guses through a eertain num-
EI; of chainbers which are arranged at a
18 certuin distunce apart the one before Lhe

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

the trajectory nnd made to expand gener-
ally 1n said chambers,

20 The devices according to this invenbtion
differ from the devices of known types and
serving for the same purpsse by the ar-
rengement that the said expansion chambers
have the shape of conicul <leeves whaich are

26 mounted 1n a casing the rear end of which
is perforated or formed of wire gauze for
$ of its length. The inner casing is fur-
ther inclosed 11t vne or more mantles which
are alteruately perfarated 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
quickty deviated from the trajectory of the
projectile.  The pases escuping threugh Lhe

36 perforations of the cusings, getting hot of
the eonical sleeves is prevented.

In the uccompanying 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] section of the apparatus. Fig. 2
shows a cross section along the line IT -IT
{see Fig. 1). Figs. 3 and 1 have veference
to the detarls of the device shown in Figs

% 1 and 2. Figs. b to 7 show the details of
three modifications.

The device represenied in Figs. 1 {o 4 has
& sleeve 2 the internal diameter of which s
equzal to the outer diupeter of the barrel 5.

W An angalar slot ¢” (Fig. 3} st the free end
of the sleeve 4 serves to fix the device to the
barrel 2, said slot being pushed over the
Sight ¢. The interior of the apparatus is
Provided with n series of tubunlar sleeves d

" co-arinlly in the tube e 'This tube

F for one-third of its le
' tube g, The space between g and & is filled
- with shavings of metal, such ws sluminium,

£ 1s dcublewalled and it is made for two-
thirds of i1ts height of fine net-work, the re-
maining third being of sheet metal. The
sheeves & ure comeslly enlarged toward the
front end. The narrow rear snds are all &
turned toward the barrel & and constitute
together u1 canal for the projectile i* The
slerves of have at the front end four slots
theongh which are passed four rods f fixed
on the inside of the tube ¢ and serving to 85
maintain the sleeves st & given distance
from each cther so that each Lwo succeed-
ing sleeves form a curved passage for the
compressed gas. The tube £ 15 surrounded
by & second tulx g of a greater diameter 70
than ¢, the postion of which is eccentric
with regurd 1o the common axis of the tuhu-
lar sleeves 4. This tube g is perforates] al
the first part ¢° for one-third of its length.
A thicd tebe A perforated at its rear part 76

surrounds the

The position of the tube & is also eccentric

-with regard to the axis of the sleeves & 50 B0

that the sight ¢ projects over the device for
3 few millimeters.

The direction followed by the compressed
£3s 15 shown by the arrows. The projectile
P, on leaving the barrel ¥, enters into the 89
chaunel formed by the narrow extremities
of the sleeves @ closing this channel to the
emnpressed gas which rushes consequently
through the annular opcnings of the tube
mmto the space between the tubes ¢ and g W0
where it partially expands. From thers
the gas escapes tﬁrongil the narrow open-

f ings of the first or forward third of the

fube g into the space between 7 and A
where the gas 15 prevented from expanding 88
instantly owing to the filling of metal shav-
ings, the escape of gas through the open-
ings in the iube & taking place without any
report. The solid wall of the forward part

of 1he tube ¢ prevents the ges from enter- 100
ing Lhe sleeves d thus escmping by the cen-

tral channel before the shat. 'fh-e mors
clongnted the form of the sleeves the less
the gas will endeavor to pemetrule into the

| passage for the projectile. 108

sbh=erved that the tube ¢ does nnt
touch the wall of the tube g st its up
part ; there is still & space of a few milh-
ineters between ¢ and ¢ which is necessary
fﬂrthufrﬂpa.ﬁlgenfthngulrmndthu 119
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10 cording to which the tubulir sieeves are

16 metal shavings, A net-work A* has been

2 1,000,703

tube e. If this tube were to touch the tube
g the resnlt would be a pressure on the pro- |

jectile causing the sume to deviate.
Experiments have shown that the recoil

of 4 pun fitted with the above described de- |
vive 15 only very siiFMIy diminished, the !
o

automatic reloading recotl condd there-

fore be accomplished.
Fig 5§ shows a moditied construction ac-

differently shaped than in the first instance.
According io Fig. 6 the tube ¢ on this de-
vice has been suppressed. ‘The entire space
between the tubes ¢” and A" is filled with

applied lo the inside of the perforated por-
tion of the tube A", Fig. T shows slets A*
provided in the tube A" for the escape of
the gas.

I claim:—

An 1mproved device for lessening the re- |

port of fire-2rins in which the comnpressed |

gases ara deviated from the trajectory of

the projectile by means of consecutive <le-
rucnts whick form a channel for the passage _;

| of the projectile, comprising in combination

a certain nomber of elements consisting of
conicul sleeves a tube inclosing snid ele-
ments and pm-}nraied for two thirds of its
iength from the front end to the rear, an 2n
ecceniric casing surrownding said tubs and
composed of lwo tubes of which the Inner
one 1s perforated at ihe front part about one
ihird of its lepgth, the outer tube being pec-
furated at the rear part for about one third 35

. of its lenglh 2and o fAlling of metai shavings

in the space between said tubes substantaally
as deseribed and shown and for the pucpose
set forth,

In witness whereof I have hercunto seb 40
my hand in the presence of two witnesses.

EUGENE THURLEL.
Witnesses:

Aveert px CaRsarape,
II. C. Coxe,
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rranslation: FPatent HRo. 629404, "Silencers for Hand Weapons'
Issued to Hans Eissfeldt, 13 March 1933, in Germany,

Silencers for hand weapoms are already known, Generally, they
consist of an elongated hollow cylinder with baffles, which either

ition the chember or close it off from the atmosphere by use of
elastic washers. Either way, good results are not obtained because
the noise, even though somewhat attenuated, always remains.

In relation to such silencers, the following improvement and dis-
covery is contained herein, The inner chambers will be completely
g11led with a porous material, such as viscous sponge, rubber sponge,
or a similar material. This material offers no resistance te the
passing projectile and closes immediately behiad it., The gas follow-
ing the projectile will be forced into the mamy small cavities, where
it will be delayed prior to arrivel at the closing washer until such
time as the projectile will have passed thyough and the washer will
have closed, 1In this mammer, a substantial attenmuation of the noise
will be obteined.

The objective of this discovery is illusirated in the following
sketch,

Fig. 1 shows a longitudinal view of the silencer in which the
walls, d, separate the hollow cylinder into separate chambers, The
chamber, b, is filled with porous material, followed by packing washers,
e, and the elastic ¢losing washer, a.

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

Fig. 3 shows & view of the silencer end attachable to the barrel
of the weapon.

Patent Claim

Siilencer for a hand weapon is deacribed &8s follows, The cloaing
packing washers in front of the hollow cylinder are to be made of a
meterial which 1s capable of closing the hole produced by the passage
of 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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1

This invention relatss tp RArearms and more
particularly to a sllencer for redacing the muzzie
hlast.

The princlpai obiect of the lovention is io
reduce the noise assoclated with the muzzle blast
of n firearm. Other gbiects are to reduce Lthe
welght. slze and cost of & sllencer and improve
the stabllity of performance.

Imporient factors o slleocine the muzzle blast
of 2 firearm are the rapld cooling of the power
gases and Lthe reductlon of pressare before they
emerge. An effective siencer utilizing these
principles comprises 8 chambetr contaln!ng heat
absorbing material throogh which the bullet
passes. The effectiveness of such a device de-
pends, among othler ihings, upon [tS Crpss-sec-
tiona! area. Applicant has discovered, however,
that the importance of having a large cross-
secthonal area diminishes conslderably Lhward the
front end of 1the silencer.

In sccordance with the Invention, therefore,
the chamber has at its front end & sectinn ol
reduced <ress-sectional aTea. Welght, size and
post are reduced without serionsly affecting the
efficiency of noise reduction. The silencer may
be budit as an attachment or. preferably, the rear
poriton of the chamber may be built around the
barrel of the Orearm. with communicating holes
thnooph the barrel, The heat ahsorbing material
may e metal screen, which may teke the form
of apertared discs, stacked one upon anpother and
preferably held in compression. Plat'og the
scrern with some metsl such as bin before punch-
Ing the discs will increasze e stability of per-
Inrmance

The nmature of the nyvent!lon will be more Tully
undersicod from the following detailed descrip-
Bon and .by reference io the accompanying
drawings, in which li%e ceferente choracters refer
bo smitar or corresponding parts and in which:

Flg. 1 Is p side viw, partly in scctiom, of &
slencer [n accordance with the Inveotion ak-
tached to a firearm;

Figs 2 and 3 are cross-sectlonal vlews, to larger
stale, of the silencer of Fig. 1 taken along the
fines 2 —2 pand 3—3, respectively;

Pig. ¢ 15 a slde view, partly In sectlon, of a
modifted form of the siencer of Flg. 1 In whikh
the rear portlon of the ¢hamber b5 bujlt arcand
the harrel: and

Pig_ 5 is B cross-seetional vlew, (o larger scale,
of the sllencer of Fig. 4 taken along the line B—8%.

Flg. 1 shows one form of the siiencer 10 at-
tached to *he end of the barrel 1) of a fireanm
1. The sliencer (0 comprises 8 cylindrical

i
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o]
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chamber having g Teer section 13 and a Front
section 21, S01n contain'ng heal absorbing ma-
t=ria} through which the bullet passes with min-
lmum clearance. The slder walls of the rIear
s2rlipn |3 are formed by the metal tube 14 wWhich
5 securely fastened at the rear 10 the apertured
rndl piece 16 and et the front end is internally
threaded to receive the apertured connector 11,
The heat absorbnie material in 1he section 13 13
in the farm of g humber of annular di-cs 18 of
motal screen stacked on= upon another and held
in comore==icn by the connictor (1. The end
piece 16 iocludes as an integral part thereol an
interrmally threaded cellar 19 which screws onto
the rhireaded muzzic of the barrel |1  hold the
=tlenicer |0 secirely In position

The front section 21 comprises u metal tube 22
meerrely gbttached al ILs TeaT to Lhe conaneetor kT,
threaded at its front £nd to receive the annular
rod plece 13, and fillrd with aonular discs 34 of
metal screen. A forward sight 26 is provided
at the front end of the silencer (0. In order o
cave drawing space parts of the sections 13 pnd
21 have been rogdyod. Figs. 2 und 3 Are cross-
sectipnhial views.

The efectiveness pf the silencer |8 depends
ipon Its length and cross-soctlonal arve. How-
ever, appifcant has found that the eross-sectional
aren may be réduced at the front end of the
silencer without 8 proportional reduction in Hs
abtlity Lo silence thre murxzle blast. This |s due
to the fact that the powder pa=es have already
been considersbly lowersd Im trmperelure and
pressure before they reach the front portion of
the silencer and o It takes a smaller cross-
sectlongl areg to conl them a plven sdditional
amoumnt Therefore, o eccordance wilh the in-
vention, the front section 21 has a smaller eross-
sectional ares than the section |13, Purthermore.
the origlngl effchener may be reslored by B Com-
paratively slight additlon to the lengtih of the
sllemweer 18, There tesults, hawever, a coaslder-
able reduction in welght and volume. This re-
duees the cost of *he =ilencer and, more import-
antly. improves the balance of Lue firearm.

Ftgs. 4 and 3 show a moedifird form of the
sil¢nicer 18 in which the rear sectton 21 Is bullt
arpund the barrel |1 of the fircatm 12, The slde
wolls of the section 17 are farmed by the meka!
tabe 18 which s closed &t the rear by an engd
plece 19 securely [astened to the barre]l {1 and
at ks front end by an apertured and flanged
metal dire 34, The sestlon 27 is substantially
Alled wxith heat absorbing malerial in the form
of layers of metal screen 31 wrapped arpund the

.
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L A giencer for Orearms comprising g chamber
and a plurality of annuler discs of metal screen
posiiened within said chamber trabsversely with
respect o the Iongitedinal axis thereof, sald Siscs

B being eiacked one upon enother under compres-
slon and substantially Alllng sald chamber ex-
cepld for a passagewa)y therethropgh providing
pnly minimum clearence for & bullet.

2. A tflencer In maccordance with clatm 1 in

10 which sald {isca are plated with tin,

!
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meunied, with the Iarger
14, a0 that it may be of
interfering with the line

The front aection 3 comprises & metal tube
35 internally threaded at Its rear {0 screw onto the
threaded end of the barrel 11, internally threaded
i ita front #nd to recelve the mnoular end piece
23. and filled with snouiar discs 9 of metal

"The screen 18 prefembly plated with some m
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This invention is for a novel combination gencrafly
characterized as a fring pieee. as for example, a refle,
which is particulacly adzpied e the fining of a hisk bullet
arkd husk shot.

Apother obpecl of the imvention invoelves moyel methods
of progecting such dullets wilh a view o mciess'ns the
Fan e, accaracy and tecod reduction of the ficing piece.

As 15 well undersinod 1o the art of Rrearms. the mersia
of the bullct or progectile 3t the moment ol firing sets up
enormieas slresses i thee bullet or propecal whizh cacse
it 10 try W masve off 1o one sk ur the oller of the anis
of the bore of b weapom ard W WM S0 as w csuse it
o wobbie or vaw as it moses duwn the bore and isues
From L

mince the convertxmal buller 15 made relziovele sedi
aed ductile o that it will propes!ly covape 1he ricing of
the barrel ol the finng piece. these crormots strovses also
cause at 10 become deformed amd imbalanced.  Upon
1y exil froen 1be Pore of ihe firing picce the bullet relains
these dniowlions ar wobbling (ead cocked conditions, caus-
ing a tesultant undewrable Macouracy af ranee.

These varoes umdesired combizons and cllecis ave in
creased the shoiler the Pearing surisce of the projpctle
in relation o irs pverall lenoth

An imporiant ebjpect of his oveaton 15 o pronde
gilher a pernianenl oF femoxzauble Atkschawent for the hierel
musele of a ngde, Jor exzmpie, which peides the Bullet
bk onma the axis of the zille bor2 aiter s exar therefrom
arl separatran From irs Busk.

Addinonal objezis inclle rediged weighr of husk Jue
o redaced length: increased slucislbty of husk due W sle-
creased bulk: redpced bearing surface of the Tallet proper
i relation 1o ats overd! leagth Juc o the sirtes] clang-
ination of acocivration ot the mazzle; and increased wer-
sablaty of atluchment Jdue o dsploceable guwde nose
plELes.

A further 4soject s W pre: 12 ~nch &n aitachmeal which
in combination with a husk Pulet wlil preath redoce the
recon | of the gun.

Stall apedher obpct of the mwcnlion s 10 provide such
an aligchnrent whuch in combisaron with a bask butlet
will serve 10 proteci the projeclile proper fzam the dis-
turbances parmally consed by the rainiep cload of pases
at the time of the sscamee of the Buller proper from the
zun And ais zitahmenr

A further object of this invertion is (o provade such
an attachment whooh percnzs of the vse of husk ballgts
having a relztvel shorter bearing surfuce of the husk, in
relation (o thea wvereil leazth while avoiidae the inac-
CcuTalies resuiime o imnalsziaoe, wobkblioe and cocking
of the buller proper zenviated duming s peried of ac-
vekerati.

(Mher abizois of the srentiom insiude osvel methads
of acceleraling and precect az Puliess under conditions of
exiréna aicurach.

Stll another vbizer o pros e oesel rwethods of oh.
TUMAE maxam. ki Sy coil pecle g Ton.

Otoer and more Jdetadled ojecis of ike anention will
ke apparent troee the fellos:az descripiion af the em-
dodiment of the rrvenaen sz zied 20 the accompaning
drawings.

in the Jriwinps

FIGLURD 1 35 a verfal, gemiral, crosscctional view
Though a portua o 4 busk Doller cerndige positoned in

)
=

the firing «hamher of 4 £fe w0 which the ante-neooi?! anld
Suading ot himen? of (085 Sivenzion kas heon appled:

FIGURE 2 0y & sonilar view of the murske eold of he
Rarre! <lowing the: hash Publet cisoul @ #nweree from at:

FIGY RE 1 s o wmalar vera showing soocessive stages
of the Brog ard lusiriing the separtion of 1he bullel
proper oyt e sk and

FGURE 3 s & soevilar sow showiae a sall Taee alage
im the orerazon af the ez e, pimely jast after the baller
Proper fos Bsie d from dhe alizchnwent bal with the husk
IV <22l o 1 srtchowsnn el inementacily trappinyg the pases

behind 11
The suyject mater of this imwention has il prane
unlity i Soevecdan wath the Arisee of sk Fallets. Swch
_a befier s ollisirsted e oue foen in the drewings ziached
1s keren.

As lestrieed o FIG. [L 1be bacrel 10 of 6 rifle. far
exzmpl W proni lod wah & suitably rfled Fore 12, which
cornn e At tes with the firing chamber.

The faak paikel cansinis of 3 short ovlindrecal sof! metal
cup 26 which s secured wround the wailing edee of e
projectit2 proper K Ehis projecuile will be mmle of nnw
of e Duterils wsually waailable for this puipose. and
i, o wnarses nclade poter shet sodh as wasd 0 st
#2itia, The vure 26 <on e make e vaxions forms. kol us
Hlustratesd. s of Cthindrcal Torme wnd lonsitedinally spiit
o4t QPP ~hdes Trean jL ops e ond o aed adjacent s
Clomed el i % dear from BIGL 50 'V hs cup 28 frunpodl,
vermenisl. o otherwisw ciiathed e the privsecole proper
SO 0w 10 Frm o wmtary assembdy prior to firing.

As by Clzar from FIGL 2, the exrziezl diameter of the
cup 15 preperly aliosted 1o the bore of the rifle 1o Tern
thz whial AL while 1he poajectile proper 2% is of l=iser
Jdimmeter and can bave shflcrent forzose 2 tor example a
long pount o 2 short poial. as dlvsirated.  The kenzth
of the cup 2h. 4y Wil appoar later, can be considerahly
shorior than woull be seguircd in the pormel case W pre-
venl woirble, reradne. sawine. ard the like, The shefl
pronet Nosoe FHe 1o of comese provided with the usuid
eaplosve conteniy ! fiAce cap. noi shown.

In the derm Mintczizd the lecminal end 13 of (e Ear-
ref 1D = shown of redecesd external diameier and pra-
vided with ¢Xlerpal threads by means of which the slecte
16 of the ewwil and puiding antachment is serured thireio
by complonmntary internal threuds. Ta ween, the el of
the slecve 16 is jnicroally threaded tp recelve a core o
nose pacce 18 by means of complementary threads, as
shaown. The core I8 is previded with a cvlindiical pas-
sage, the axis of which livs on the uxis of the bore of
.. the barrel Lhis passage consets of 4 troneused comicul

sectim 20 and o concentric cvhindsical pusle bare seetion

23, The dizmeter of the poude bore swvtivn 22 is less

ithan the dizmeter of 1he bege of the harrel and js pref-

erably roigi<d im its diameier o 1he diemcler of the pro-
- jectile 28 so as w provule a lichr prosy, €it thereuith, The
diameter of rhe entranse end of 1he oonical porlion M
15 vqual o the internal Jdizmeter of the slocve 16, s as
te form 2 simple Teansiiion poind therewith for a por-
pase 10 e explained [ater. The oslindrical pride Fore sec-
80 ton 22 of the nose piece preferably has o length ahout
equal to the lenpth of the beaning sucface of the bublot
proper 1B
The skeeve 16 (5 pronided with a senies of rbiaf pas-
sages M which pravids escape ports for the explosive
g5 SAses. These phassupes mnay bre of vsrices forms such as
crbindoical Gpertures, slods. and the dike, apd they niay
be distributed in varam patierns ciccumfercntially arownd
the sleese 16, These perts 24 correspesud 1o the simila
pvpe of ports s walely zmad inosazions forms of oo
chokes, 720 clusinzte s, merrle brakes a2od the ke,
and, of votzras, 2o s ey G, thev ingy b mide
adjusiar e in the Jdischerge ates,
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When 2 firing piece in accordgance with this mvenlico
is fred the ﬂp::ﬁﬁif: in the cariridge casing is aciiwaled IR
wsual manpey, praerating tremendous gas pressive be-
hind the hask 26 conlaiming the projectile ZB. The hnsk
pullet is thencfore rapudly aceclerared dewn *lhn: barred 5
10 in the wsual manner and moves into the casing formed
by the sleeve LB apd the core 18 to a condition illos-
i1 FIG. 3. As scon as ihe busk bullet js released
from the discharge end of the barrel 10, the _‘husl-: 24
opens 1p under the forces atterslant a1 high velocity, sepa- 10
yales suhstantially from he projectile 28, and slvdes alﬂn_;
the interior surface of the passage in Whe sleeve 1% until
i1 engages the enirance end of the comical portion 20,
x¢ illustrated in FHEG, 3. Thss causes ﬂ'l-::lhu_a‘t to be
pelatively decelerated with respect Lo the pru}[:-:'rnle 2R, 50 15
that the projectile progresses cnwardly as an indz penden
picce into the passage 12, This passape bﬁug.accma}dy
it on the axis of the barrel and having a light
press fit with the projectile 28 steadics it 1aking away
from it amy wobbling or off course muvemenl that it may 20
h::l the same lime the decelerated husk 26 blocks the
movement of the explesive gases issuing from the barrel
pehind it sufficiently to increase their pressure. Thess
gases therefore tend o discharpe \hrough the ports 24 at 23
an iocrepscd velecy which discharge continues and 13
aided when the conditen illustrated in FIG. 4 15 reached
where the husk has been forced into the guide bore 22 and
further tends to hlock the escape of the gases except
through the ports 24. Tt will be apparens, therefore, that 3
the minimam of reced afforded by this device s €n-
hanced by the momentary forward ﬂ-:ct_ltraunn of 1_h:
rapifly moving explosive gases and their resullant in-
eseased velocity discharge laterally throwgh the ports 2d.
Going back it will be seen that as the expanded husk 39
26 reaches the fapered passaze 20 it wili he ?Tl'llil.lﬂnj'
contracted or closed back w its original cond:con, In
addition it will he compressed as the foree of the gascs
drives it through the gutde bore passage II. lhe husk
being hallow and of solt, deformuble, ductile maiera
such as copper, Tor example. can be spueesed or Con-
tracled suficientty so that it will be fn?'ccd Ihmug_h the
puide bore passage 22 and ejected hehind ﬂ'ne_prn_]-a-mﬂe
28. During the period of compression znd ejecton of
the husk the explosive pases will be relatively impeded m
their forward motion, thereby increasing their (eodency,
as previously explained, 1o beang ejecied at even higher
velocities through the ports I4.

&

FIG. 4 illusirates another advantage of ulilitarian feq-
tuge of the subject matter of this inveotion: as s well
kpown in this art the explosive gases which surround the
trailing edpc of the projectile st the mmoment of issbe
from the barrel teed to engalf and disiurch the flipht of
the projectile and 1o that extent reduce the accuracy of
flight. As flosiraed o FHG, 4, the trappms of the ex-
plasive pases within the atachment by the husk 28, ai-
theneh momentary, is sufficient 1o permit the projecile 28
1o gt well started on its Right before the husk is emilted
anid the gases begin to cscape. The result is that nithe if
any disturharee of the flight of 1he projectile resubts from
ihesc pases. )

In view of the above description of one embodiment of
this invention iliustrating the principles thereak. it will be
apparcnd 10 1hose skilled in the art that many of the strusc-
zeral detils herein disclosed can be varied ﬂ’llhﬂjli depart-
ine: from {he novel subject matter of this iovemies. It s
preferred, therefore, that the scope of proteciion afforded
bereby be determined by the claun as the seiected em-
Fodiment is provided for illusiralive purposes only,

What is claemed 152 _ .

A Fircarm comprising in combination a projgcide, an
expansible, detachable hosk secured 1o said projechle, said
husk being cup shaped and baving an cnd wall and 2
plurality of integral, stparable, curved wall portions, 2
pun barrel having a projeciile bore, and a projectiie sta-
bilizing means at the exit end of said barrct haviog an
apertured husk and gas confining cylindrical wall iotm-
ing & chamber with an internal diameter greater 1l:!an that
of said bore, sard means having a projectile guiding exat
passaee havigeg 2 diameter less 1than that of said bere and
providing 3 light press fie for said prnjf-:tﬂe_anﬂ a com-
pression dit for said hesk, said means also having a conical
passage cOnVerging inie saxd exit passage and actung to
conlract said hesk For movement throuph said passage,
said husk being detachked in and expanded inlo comtact

with the wall of sai chamber and being contracted and

delaved by said conical passage for irailing movement

I #0 through said exil passage hehind said projectile.
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APPENDIX F

RELATIVE LOUDNESS OF DISCREET SOUND PULSES

Presently there exists no analytical criterion for estimating
loudness of a transient sound signal from its pressure-time history,
The usual means of measuring and specifying such signals is by their
peak SPL's. DSince loudness of a discreet sound signal 15 also time
dependent, it 1s important to re-examine the gqualitative significance
of this dependence. The most reliable and revealing data are to be
found in the commonly used equal-loudness-level contours for con-
tinuous pure tones, 26 The frequency range below approximately
200 cps is of little use here, since the single cycle time periods
of these tone are well above that to be found 1n small arms sound
signatures, Within the frequency range from 200 to 8000 cps, the
loudness levei {phons) of a pure tone of given SPL is approximately
independent of frequency, Abowve this range the loudness level de-
creases,to a first approximation, directly with frequency. All
attempts to exemplify the human ear by a dampec spring-mass system
seem to [ail in explaining the above frcquency-loudness relationship.
However, through inductive reasoning, the whole loudness level spec-
trum as described above can be reprsented by:

200 < £ < BOOD,

s ; hons 1
LL = 20 log N T p (1)
and
f > 8000,
Pm f-8000
s = , Dhons 2
LL ~20 log —pg05 - (“5ggg ) * PO™ =l
where

LLL = loudness level in phons;

By = peak sound pressure;

f = pure tone irequency, ¢Cps,

The pressure-time area {jpdt‘.l of the positive half-cycle of a sinus-
oldal tonec is
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p 20 _[T/2
o = S &

where
T/2 = 1/2f, half-cycle time duration,

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

200 < £< 8000, LL & 20 log — 2T

. 0002 it
- H0O00, LL s 20 log Eo%z _ 30 {ff_“;_'.i)
[ m

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

200 < f < BOOO, LL s 20 log om0

- 0002 (5)
PI'TI {TIE} oo - :TJI'E]
f > B000, . 8 20 lo - AL IR0
" . . 0002 [ {T/2)
#8000
where

(T/2)3000 = 1/2(B000) = .063ms.

The last equations indicate that:

1. Up to approximately 8000 cps, the tone loudness level is
essentially equal to peak SFPL,

Z, Above approximately 8000 cps, the tecne loudness decreases
almost proportionately to the tone's half-cycle time duration.,

If the same conclusions are applied to the singular sound pulses,
their loudness levels can be expressed by:

063 ms< t <2,5msg LLas 20 lng—g-‘ﬂ.—

002
(6)
b 506, LL 20 log —p0o- - 30 (“Zggs—

190

where

t = time duration of the scound pulse in ms,

This suggests that the loudness level of a 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
ghorter in time duraticn 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,
Althoupgh qualitativelysignificant, to date the above equations are
based only on a somewhat boldly assumed analogy belween transient
and continucus sounds.

It is interesting to note that the '""loudness level' (phons) is
not represeantative of how leud a signal 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 = ID'D3B{LL-4D} {7)

where

[. = lougness in soneag,

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

10.&33[(5PL}mn “4'3_1

(8)
which is dependent only on the peak sound pressure level., A plot
of loudness (L) vs peak SPL follows. Here may be seen the frue
relationship between peak SFPL and how loud the signal actually
sounds. As an example, a signal of 102 db peak SPL sounds twice
as loud as a signal of 30 db, since the latter is half the number of
sones of the former.
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