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INTRODUCTION

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

operations,

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

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

This report 1s intended to give an insight into the present state
of knowledge of silencing a small arms weapon. Essentially, the
contents consist of physical, functional, and acoustical data on an
array of silenced weapons fell to be representative., The sound eval-
uation presenied here is cursory, primarily because of the complexity
of the problem. First, the gun muzzle nors= is only cne¥ % of the many
possible noises being generated by each given system, Second, the
sound of interest is directional and attenuztes nonlinearly with distance,

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



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

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

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

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

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

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

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

Muzzle neise of small 5

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

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

eXii,

Jectile at the Weapon muzzle, This effect,

requires attention in

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

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

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

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

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

noise sSouUrce.

! jectile itself penerates a Eubst‘annal

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

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

—

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

L}



greater in magnitude, In many unsilenced weapons this muzzle

blast exceeds the limits of thefirer's auditery safety and can be of
sufficient magnitude to stun him. In silenced weapons, the majer
portion of the propellent gas penerally escapes 1nto the atmosphere
after the projectile exists from the silencer. Howewver, by this time
the gases have expanded to the total volume of the system and the |

gas pressure behind the exiting projectile is low with 2 CDTI’-‘E!Epii-JIld.lrlgl}F
low Tesulting sound pulse pressure. The sound pulse is again similar
in shape to the precursor pulse; however, it may be further modified by
wave reflections within the silencer,

Blow-by is the ieakage of propelient gases past the projectile
while it i9 still inside the weapon, This condition occurs due to any
significant clearance between the projectile and the gun barrel or
silencer. Since the accuracy of the weapon is generally impaired if
the projectile touches any hard surface after leaving the gun barrel,
most silencers are designed with an adequate projectile clearance.

In some silencers this clearance is so large that a good portion of the
propellent gas escapes prior to projectile exit, and blow-by r-e.*preﬁlenl;ﬂ
a significant sound source in the system, The blow-by sound pulse 15
generally a positive shock, followed by an expoanential pressure decay.
In come cases, when the projeciile velocity is high, the blow-by can
arrive at the silencer exit at almost the same time as the projectile,

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

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

baffle spacing within the silencer.

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

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

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

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

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



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

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

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

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

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

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

Some of the above German World War Il silencers incorporated
a flexible {sponge, rubber, stc,) disk at the silencer exit {patented
1936 in Germany), The disk closes off the internal silencer cawvity un-
less forced open by the exiting prejectile. In this way the propellent gas
is retained within the system until it slowly seeps out. The rigidity of
the disk ideally would be such that the precursor, hiow-by, and ex-
panding blast pressures would not deform it and yet the projectile could

*Appendix E

force its way through., A variation of the technique 1s to distribate
a series of these flexible disks throughout the length of the silencer,

This design was utilized in some versions of British World War II
Sten guns and Welrod pistols.

Most silencers discharge the propellent gas solely through the
gilencer opening. A wvariation of this, not often encountered, 18
discharging pressurized gas through the periphery of the gun barrel
or silencer., Although the technigue as described in some silencer
patents was probably unsuccessful, with proper gas discharge dis-

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

A few of the early silenced weapon patents described mechanical
means for restricting the rapid propelient gas discharge after pro-
jectile exit from the weapon., One of these prescribed the use of a
metal pate to close the gun barrel immediately after projectile pas-
sage. The gate in this case was to be driven directly by the propellent
gas following the projectile. Other patents described the same
principle, but added a side-branch, gas-driven piston to activate the
gate. Another patent described a weapon 1n which the projectile was
driven by a piston of shightly larger diameter., The piston was to be
stopped at the chocked barrel muzzle while the projectile would pro-
ceed to exit. In this way the piston would trap the propellent gas inside
the gun barrel. The patent did not prescribe an expedient method for
extracting the piston from the barrel., 35till ancther patent described
an expansion chamber at the barrel muzzle which would allow expansion
and eventual trapping of an expandable piston driving the projectile,

The propellent gas was to be trapped behind the piston and gradually
reieased through small openings in the chamber. Althuugh-:‘:‘tll of the
above techniques seem sound, more often than not they are plapued
by insurmountable design problems, Even if the abovs E}fstem_s could

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

DESCRIPTION AND EVALUATIONS OF
SILENCERS TESTED

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

7



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

by a tape recorder {Ampex 351) and then transferred to the oscilloscope
and the camera film, In each case sufficient cross-correlation existed

between various transducers and recording techniques to render the
presented data, for all practical purposes, valid and reproducible.

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

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

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

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

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

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

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

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

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

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

the silencer,
the scope

1n t ] 18Li

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

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

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

ﬁna]ysis of all
led to identificalion
he following sound

in practic
P €, all sound measurements and loudness judgements

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

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



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

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

Caliber . 22 Hi-standard Fistol/French Silencer

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

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

lencer.

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

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

the traces, The highest sound 1impulse and peak sound pressure ievel
(136 db) were due to the propellent gas discharge occurring after the
projectile exited the barrel. The peak sound pressure level due to
exiting of the precursor shock was 113 db, The primer initiation
sound pulse was approximately 98 db,
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. 22 Hi-standard Pistol/French Silencery

Cross section, Caliber

Figure 1,



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

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

Flipure

12 13
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Primer Initiation
Precursor Exit from Barrel
Projectile Exit from Barrel
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sound Prassure-Time History, five meters
(Unsilenced) , Using Long Rifle Cartridge
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¥ = 0.5 ma/cm
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Mierophone; B&X 4135
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to side, Caliber .22 Hi-standard Pistol



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

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

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

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

105 db peak SPL.

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

b.

Caliber _ 22 Silenced Hi-standard Pistol

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

herein lound very wide application.
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L1 = 100 4b

(:D Primer Initiation

Ly =s 05 db

@ Preacursor Exit from 5ilencer

L3 = 117 db

@ Blow-by Exit from Silencer

Ly = 119 4ab

@ Projectile Exit from Silencer

L = 105 db (average)

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

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

French 5ilencer, Using Long Rifle Cartridge

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

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

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

Chamber volume

Ballistic pressure

Peak
At barrel muzzle [estimated)

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

Gun barrel and pistol weight

40 pgr

0,225 in,

930 {ps

75 ft=lb

0,4 in.

b, 2 in,

0. 65 ms {approx)
0,22 ms

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

24 D00 psi
90 ps1

0. 234 in,
0,63 1b

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

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

2.37 1b

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

1n diameter and spaced 0, 250 inch apart.

The primary function of

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

speed ol sound,

22

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

Figure 10 shows the scund pressure-time history of the silenced
Hi-standard pistoi, The soundtrace, like that of the French silencer,
was taken five meters to the side of the pistol muzzie. As can be seen
irom the scope trace, the pistol’'smain sound sources were: primer
initiation (pt 1, Figure 10}, bleed hole blow-by [(pt 2), and projectile exi
ipt 3). The primer initiation pulse, which was predominatly due to
propellant gas leakage around the cartridge case, had a peak SPL
of 98 db, The next sound pulse [pt 2) was generated when the blow-by

occurring through the bleed holes exited from the muzzie, Although
this sound pulse had a relatively large impulse, its peak SPL was

only 10! db. Shertly after, the blow~by wave, originated at the gun
barrel muzzle exited. This event occurred almost simultaneously
with the projectile exit, The combined efiect of blow-by and gas
discharge following the projectile exit resulted in a positive pulse

(pt 3) of 113 db peak SPL, Following this several sound pulses occurred
(pt 4} due to propellent gas discharge turbulence and reverbherations
within the siiencer,

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

Caliber , 22 Silenced AAI Experimental Test Fixture

The AAI caliber , 22 silenced test fixture [Figures 11, 12, 13,
and Table Hi} was designed by Aircraft Armaments, Incorperated,
in 1965, The study was conducted as part of a Frankford Arsenal
contract issued to tnvestigate unconventional nse of small arms.
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Figure 13,

Caliber . 22 Silenced AAI Experimental Test Fixture, Disagsembled



TABLE III, Caliber .22 Silenced AAI Experimental Test Fixture

Projectile
Weight 40 gr
Diameter 0.225 1n,
Velocity {at silencer &kit) 990 fps
Energy (at silencer exit) BB fi-1b
Travel at peak ballistic pressure {estimated) G.4in,
Travel in barrel 6.9 in,
Travel time in barrel {estimated) 0,72 ms
Propellant
Weight [double base, flake, web ~ 0_ 003 in, ) L.7egri{+ 0,2 gr
primer)}
Chamber volume 0.016 in,
Ballistic pressure
Peak 24,000 pai
Al barrel muzzle [estimated) 130 psi
Silencer
Outside diameter 1.0 in,
Length 6.5 in,
Weight [excluding action and gun barrel) 0.5 1b
Free volume (including gun barrel holes) 4,69 in. 2
Total fixture and silencer weight 1.5 1b

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

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

28

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

- cool the expanding gases,

The performance of the AAI silenced fixture is simple in prin-
ciple. As the projectile travels down the barrel, the pPropellent pas
bleeds off through the barrel holes and expands inte the space around
the gun barrel. The expansion of propellent gas i8 accompanied by a
reduction 1n the ballistic pressure behind the projectiie, By the time
the projectile exits from the barrel, the propellent Eas pressure has
been reduced to that dictated by the total expansion space (and 51ight
heat absorption)., The lower pressure behind the projectile at exit
results in a lower initial propellent gas discharpe sound pulse.

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

The sound pressure-time history of the AAI test fixture is shown
in Figure 14, The trace was recorded five meters directly to the side
of the weapon. As with the silenced Hi-standard pistol, the first sound
pulse {pt 1, Figure 14) recorded corresponded to the time of firing
pin fall. The peak SPL of this Pulse was 93 db. Since the time between
this event, primer explosion, and gas leakape around the cariridge
was small, the three events are not readily distinguishable on the
8Cope trace, However, the pulse due to ieakage around the cartridge
seems {o be in the vicinity of 103 db.

The second and loudest sound pulse (pt 2) was due to gas leakage
from the joint between the silencer tube and fixture breech, The EAS
leakage, CCCUrTIng as scon as the projectile passed the first set of bar-
rel bleed heles, resulted in a peak SPL of 116 db, This sound pulse
could be eliminated by a tighter fit between the tube and breech,

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

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

29



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

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

Caliber . 22 Hi-standard Pistol/ FA Silencer

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

Ly = 101 db
Lz = 114 db

Ly =

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

five metars to side, Caliber .22 Silenced AAY

Using Long Rifle Cartridge

The caliber .22 Frankford Arsenal silencer was tested with the
same Hi-standard pistol used for evaluation of the French silencer,
It iz all-aluminum, and measures 1.4 inches in diameter and 6.5 inches
in length, The silencer is machined from stock which is partially solid
and partially porous [see Figures 15 through 17 and Table IV)., QOutside,
the porous section of the silencer is wrapped with electrical tape, which
limits the propelieat gas discharge to only the 0, 23 in. diameter
projectile exit at the silencer muzzle, Inside, the silencer consists
of three chambers of different lengths and diameters.

i i e L
' r

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

and functional characteristics of the tested silencer areligtedin Table
IV,

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

(viz bleed holes)

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

@ Projectlle Exit from Muzzle

(1) Primer Initiationm
@ Ground Reflection
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Figure 14.

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

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

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

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

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

Caliber , 30 M1903 Rifle/Maxim Silencer

The all metal caliber , 30 Maxim silencer herein described was
designed by H, P. Maxim, The first versions of this U, 5, silencer
were patented and manufactured commercially in 1909, At the time,
the use of the Maxim silencer was considered by the Army, and

gtory, five meters to side,

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

FProjectile
Weight [Match)
Diameter

Caliber , 30 M1903 Rifle/Maxim Silencer

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

Trave: at psak ballistic pressure {estimated

Travel in harrel

Travel time in barrel
Travel time in silencer

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

Chamber volume

Ballistic pressure

Peak

At barrel muzzle {(estimated)

Silencer

Passage diameter {for projectile)

Weight
Free volume

Outside diameter

Length [beyond gun barrel)

Rifle weight {without silencer)

Time between precursor and projectile exits

from silencer {estimated)

42

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

Z, 3 ms [approx)
J, 56 ms

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

20,000 psi
1, 000 psi

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

9 ib

1,44 ms

The Maxim silencer bafile configuration induces the gases,

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

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

tionable.

Figure 23 shows the sound pressure history of the caliber | 30 M1903
rifle without the silencer, using a subsonic cartridge. As can be seen
from the scope trace, the main sound scurces are precursor shock
[pt 2, Figure 23) and propellent gas discharge following the projectile
exit (pt 3). The corresponding SPL of these pulses are, respectively,

119 2and 137 db five meters to the side of the weapon.,

The sound pressure-time history of the M1903 rifle with the
Maxim silencer and subsonic cartridge is shown in Figures 24 and 2Z5.
The system's main noise sources are primer initiation, precursor shock,
blow-by, and propellent gas discharge after projectile exit. The primer
initiation noise;from firing pin fall to the first muzzle sound;1s shown in
Figure 24, The absence of the usually high initial positive sound pulse
suggests that pas leakage around the cartridge case 13 very low and
that most of the system's initial noise 18 mechanical. Sound pulses
due to the blow-by and the propellent gas discharge after projectile
exit are shown more distinctly in Figure 25, Here the blow-by and
gas discharge pulses are, respectively, 102 and 112 db peak SFPL.
Following these pulses, there is a prolenged, seemingly random,
nolse of approximately 102 db peak SPL due to gas discharge turbu-
lence and reverberations inside the silencer,

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

Projectlile Exit from Barrel

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

Microphone: B&K 4135

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

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

{(Unsilenced), Using Subsonic Cartridge

Primar Initiation

Precursor Exit from Silencer

Blow-by Exit from Silencar

CRVEONGC.

Projlectile Exit from Silencer

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

Yy = 43 pubars/{cm

x = 0.5 mag/em

1 em = 1 m2ior division

Microphone: Altec BR 150

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

Caliber ,30 M1903 Rifle/Maxim




Caliber . 30 Silenced M1 Carbine

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

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

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

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

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

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

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

due to the masking effect of reverberations within the silencer and

47
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TABLE VI, Caliber _ 30 Silenced M] Carbine

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

Weight (WC220 doubla base,

spherical pranulation
0.013 by D, 009 in, )

13 gr {+ 0.3 gr

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

50

Ls » 118 db (averaga)

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

Reverberations within 51lencer

E) Projectile Exit from Silencer

@ Propellent Gas Dischargsa Turbulence and

CE} Gun Barrel Muzzle Blow-by Exit from S5ilencar

@ Bleed Hole Blow-by Exit from Silencer

@ Primer Ipitiation

-
b,

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



discharge turbulence occurring at this time. An approximate value

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

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

Caliber . 32 Silenced Sleeve Gun

Little is known abeout the origin and history of the silenced sleeve
gun, It bears close similarity in desipn and workmanship (Figures 29
through 32 and Table VII} to the caliber .32 Welrod pistol. The sleeve
gun is a single shot item, requiring considerable time for reloading.
To reload and cock the weapon, the three rearmost threaded sections
have to be disassembled., Independent operations are required for
rechambering the cartridge and resetting the firing pin spring. The
weight (1. 7 1b) and general configuration of this pun suggest that it
was also intended for use as a club.

Firing of the weapon 15 accomeplished by moving 2 latch toward
the weapon rmuzzle. A rod, attached to the latch and running along
the top of the sleeve gun, releases the plunger holding the firing pin
at the rear of the gun. At the base, the sleeve gun i3 provided with

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

The internal configuration of the sleeve gun, except for dimensions,
15 exactly the same as that of the caliber , 32 Welrod silenced pistol. *
The 3. 25 inch gun barrel contains a series of 20 holes, 0.063 inch in
diameter, positioned in five rifling grooves, The holes lead into an
expansion chamber formed by the tube surrcocunding the gun barrel,
The tube alaso extends beyond the gun barrel muzzle by 2,85 inches,
thus forming the forward silencer section. Inside, the silencer section
contains a series of metal and rubber baffles which provide the si-
lencing effect.

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

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

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

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

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

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

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

pulses immediateliy

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

gh the bleed holes and findig 1

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

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

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

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

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

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

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

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

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

Caliber . 32 Silenced Welrod Pistol

The caliber , 32 pistol

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

the @ mm Welrod pistol* developed in Britian

*See Figures 38 and 39,
58

270 ubars/em

y =

X = 015 mﬂf::m

1 major division

cfh =

i

Microphone: BEK 4135
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Ly = 87 db

D Primer Initiation

Lz = 118 db

é) Bleed Hole Blow-by Exit from Silencer

Ly = 114 db

_E) Gun Barrel Muzzle Blow-by Exit from Silencer

L, = 126 db

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

(5) Projectile Exit Ground Reflection
with 014 Rubber Baffles

@ Projactile Exit from 5ilencer

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

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

In steel baffle

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

I|I|‘||lil||||HJI”|||I;J|IrIH
3

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

Total pistol weight {unloaded)

1

rrlfl[lrln|||lr”4r||i

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

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

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

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

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

rubber baffles, The rubber

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

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

rubber baffles probably Compietely closed off the sllencer interior.

Figures 37 shows and identifies the various Eound

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

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

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

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

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

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

In general the caliber . 32

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

Primer Initiation

T,

Lz = 118 db

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

2

Ly = 122 db

é) Projectile Exit from Silencer

4) Bleed Hole Blow-by Cround Reflection

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

Figure 37,



? mm Silenced Welrod Pistol

The 9 mm Welrod p;

. _ Pirstol, except for size ; . :

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

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

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

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

bushing. The inside of th

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

d )

The projectile Passapge

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

rom

the gun., The hi i
. Bh BPL of this pulse 13
1
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following the Projectile exit, This

the same as thag ot the precursor pulse

the silencer

Containing old baffles jis 5
~time trace of

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

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

Energy [at silencer exit)

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

from silencer {estimated)
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Figure 40,

Primer Initiation

Pracursor Exit from Cun Barrel Muzzle

Projectile Exit Frowm Cun Barrel Muzzle

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

Microphona: B&K 4135

L, = 105 db

L1 = 131 db

Ly = 131 db

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

Silencer Sectionm), Using Reduced Charge Round

ARG

i~
W

Figure 41,

Primer Initiation

Precursor Exit from Muzzla
Blow-by Exit from Muzzle

FProjectile Exit from Muzzlae

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

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

Microphone: B&X 4135

L1 = 105 4b

111 db

k-
hJ
i

119 db

t
)
|

L; = 124 db

9 mm &ilenced Welrod Pistol with



[pt 1, Figure 41), precursor exit {pt 2}, blow-by exit [pt 3}, and
Projectile exit {pt 4). The relatively low SPL [~ 105 db} of primer
initiation suggests that leakage around the cartridge case was much
Smaller than that of the caliber . 32 Welrod, The precursor sound
Pulse had a peak SPL of approximately 111 db., The blow-by wave,
which originated from the propellent pases bypassinp the pPro-
jectile in the spool Spacer, constituted the second loudest sound
Source of the system. This blow-by 3cund pulse (pt 3) had a peak
SPL of approximately 119 db, The last and largest sound pulsse

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

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

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

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

9 mm Silenced Sten Submachine Gun

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

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

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

ification consisted essentially of reducing the bol: welght, shortening

%
However, see Appendix E.

y = 195 pbars/em

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

Ly = 105 db

@ Primer Initiacion

(2) Projectile Exit

@ Ground Reflection

five meters to side, 9 mm Silenced Welrad Pistol with

Sound Pressure-Time History,

Figure 42,

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

@ Ground Reflection

Filgure 43, Sound Pressure-Time Hiatory, five

Rubber Baffles, Using Standard

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

Microphone: B&K 4135

Li = 105 db

L, =125 db

meters to side, 9 mm
NATO Round (Projactile

Silenced Walrod Pistol with Naw
Muzzle Veloecity, 930 fps)

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

Silehiced Barrels



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

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

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

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

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

Silenced Sten Barrel, Type I

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

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

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

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

76

Pe, electrical tape,

of the weapon's various components

Since the mechanical

21.5 wbars/em

0.5 ms/cm

L major division

cm =

o
Ty
—
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)
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b3

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

(D Forwvard Bolt Slap (no Cartridge)

Ly = 95 db (average)

@ Mechanical Noise Following Bolt S5tap

de, 9 mm Silenced Sten Submachine

[
1

Sound Pressure-Time History, five maters to s

Gun Bolt Slap, without Cartridge

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

TABLE X.

projectile
Weight
Diameler
Vvelocity [at silencer exit)

Energy [(at silencer exit)

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

Travel time in barrel {estimated)

Travel time in silencer

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

Chamber volume

Ballistic pressure

Peak
At barrel muzzle [estimated)

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

Silenced barrel
Weipght
Lenght
Diameter

Standard Sten gun barrel length

Total weight of silenced Sten submachine gun
{without magazine)

Time between precursor and projectile exits
from silencer [estimated)

79

9 mm Silenced Sten Submachine Gun, Type I Barrel

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

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

31,000 psi
250 psi

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

2.25 lb
13 1in,
1.5 1in.,

bin,

7.7 1ib

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

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



harrel,fired with

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

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

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

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

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

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

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

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

this time, The noise generated

_ the secondary acous-
lons and turbulence) occurring at

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

he jet turbulence, The Bequence and
pulses of

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

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

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

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

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

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

Compared to other Silencers and silen

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

Silenced Sten Barre], TIEE IT

Externally

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

The two barrels are also similar in Principle;
F

B2

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

Y =

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

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

Lp =

ixture

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

Gun Barrel (Type 1)}, in Test F

(5) Propellent Gas Discharge Turbulance and
Reverberations within Silencer

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

(3) Blow-by Exit from Silencer

@ Primay Initiation

Figure 49,



however, each contains a slightly different set of internal components

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

Primarily in that its gun barrel is slightly shorter and contains two
sets of bleed holes; its metal baffles (fewer in number) are somewhat
conical in shape; and, at the forward end, it holds three felt washers

In the barrel tested at Frankford Arsenal, the front conical

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

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

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

| Figure 51 shows and identifies the sound constituents of
th-e silenced Type II Sten barrel,fired with the test action shown in
Figure 48. The trace was recorded five meters directly to the side
of the ﬁreapun. The first distinct noise recognizable on the trace
{Ii't i,‘F:Lgure 51) was a sound generated approximately when the firin
pin hit the primer. Thiaseries of pulses, with its relatively low peaf;
SPL of 93 db, was essentially mechanical in nature. The next sound
pulse {pt 2} was the first noise emitted from the silencer muzzle,

This pulse of 101 db peak SPL was
generated by the blow-b '
through the gun barrei bleed holes. ’ v omTe

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

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

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

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

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

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

In general, it seemed
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Cross section,
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