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Summary of Program Outline of Tests and Design Modifications on the Ml6 Rifle

to Reduce its dMalfunction Rate

1. This program outline of tests of actual hardware and of exploratory design
modifications to reduce the malfunction rate of the M16 Rifle has been deducted
from a limited amount of samples testing, which have put new lights on the
behavior of this weapon.

2, The program, which is not complete and does not include as yet the whole
rifle system, foresees systematic testing of a larger population of rifles and
anmunition lots, for clearer definition of the intrinsic function of the
components, approaching the problem by looking at the technical malfunction

- sources and not at the several kinds of malfunctions directly. Four specific

areas are handled as sources of malfunctions. -

-a, -Buffer

" The actual redesigned buffer not only has a major influence on the

rifle system dynamics and cyclic rate, but by its masselets bolt anti-

rebound function it influences the breech _dynamics. It is not_ joined to the

" bolt carrier, and does not part1c1pate by its momentum to the extraction of the
cartridge, as it is desired in case of hard extraction. Its plastic top or
bumper is of debatable acceptance. The design of its floating masselets fulfills
the scope, but the behavior of these masselets is undetermined during the cyclic
operation. The tasks foreseen are:

.~ = Design a joint which will not affect adversely the cyclic operation
or the disassembly of the rifle.

. - Determine experimentally the functions of the standard and redesigned
buffers in regard to the bumper spring and damping characteristics, as well

as internal bolt anti-rebound function.

- Design a buffer with control of the masselets position for full -mass

-.and momentum utilization at extraction and reliable function of.the bumper

\

_residues, mostly. pz;olysed metallic oxides carried by the propellant oas._,?

portion.
b.  Gas Tube ' ' A
The portion of the internal ballistics which insures the internal O

power of the rifle mechanism is affected by fouling of the gas tube by ;5‘.

To separate the heavy residues. from the gas before entrance into_the gas

tube it is proposed to explore the application of a small cycloqe between the
port and the gas tube, using centrifugal force. A removable Tap will allow
cleaning of the cyclone and gas tube.
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c. Chamber-Cartridge Clearance at Extraction

This clearance determines the extraction force and can affect
the breech dynamics performance. It was found out by using strain gages
- -that the extraction force is high, even with a clean chamber, By subsequent~
tests it was determined that with no internal chamber pressure, the cartridge
1s pinched for about a third of the body, where the brass is softer. Using
measured internal gas pressure at extraction a radial force was calculated,
. which through a coefficient of friction correlates with the measured extraction
force. It was also found out that the injection of gas into the bolt system
“launches the bolt carrier backwards, but also pushes the bolt forward, which
in turn pushes the cartridge head into the chamber just before extraction,
with subsequent deformation of the cartridge-chamber clearance profile.
- —--This suggests a major modification by replacing the gas actuation inside the
bolt system with a piston located over the bolt, axial with the gas tube.
+This modification would also eliminate fouling inside the bolt system by gas
_ residues, The tasks foreseen are: S e .
-.Determination of chamber-cartridge clearance at extraction, without
chamber internal gas pressure, by measurement of diameters of ejected cases
and chamber using a population of ammunition lots of different origin,

o e e
- Measurement of chamber gas pressure at extraction.

= Subsequent calculation of radial force, with ise of chamber pressure.

‘= Measurement of extraction *force by strain gages over extractor with
larger population of rounds and no chamber fouling. :

- Same measurement with artificial chamber fouling until extraction failure.

~ - Modification of cartridge case brass hardness profile, possibly with
transition at the-shoulder, and subsequent verification tests.

- Introduction of a neck taper in the ghamber; leaving the cartridge

" case neck cylindrical, ‘ '

- Exploratory introduction and test of an actuation floating piston
.axial with the gas tube, operating inside the receiver, pushing the‘
bolt carrier through a modified key.

d. Propellants

The situation between the extruded IMR8208M and the ball WC 846
is too confused to make an intelligent decision. The ball propellant has a
higher specific impetus and its geometry permits a higher loading, with the

o
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subsequent advantage of 194 Kg.m per round versus 164 Kg.m for the extruded
propellant. Unfortunately, it is only partially burned, approximately 16%

exits unburned. It also introduces important fouling in the gas tube, likely
created by the deterrent coating if not by unburned propellant. As it is
actually produced in batcheS containing grains of different sizes, it is
foreseen to determine the characteristics obtained by the use of a propelléﬁf“?
grain of one single size, a specific amount of deterrent and specific curing
time. The testing of subsequent sets of grain of different sizes, deterrent
amount and curing would determine the influence on pressure-time curve,
pressure-displacement curve, bullet velocity, amount of unburned propellant
and amount of residue left in the gas tube,
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INTRODUCTION,

The foliowing program has been deducted froﬁ a very limited amount of
samplés,,as well as insufficient testing meésurements, and basi;
medhanics laws. It‘is specifically keﬁt at' a minim;m level in
equations, figu;es and proposed modifications for general understanding
an& weaponé cost, Sampling of a larger population is needeﬁ'to_confirm
and amplify its deductions, as well as the need of a complete teéting
measurement spectrum, which is-partially under way, Howévér, the
liﬁited sampling used put new iights on the behavior of the ML6 Rifle,
and with the accelerated_production program actually ordered, itlis
deemed neceséary_to éroceed at once and fast with design and test of
proﬁosed corrections of thése findings, at the same time that a more
comﬁléte test program is achieved to ampliff_its behavior knowledge.

The approach to the problem is performed looking at the mal function

sources and not at the several kinds of malfunctions directly, with a

correlation possible to be more accurately established during the

progress of the program, which may require additional tasks.

. The content which follows has been discussed at Rock Island, Frankford Arsenal,

Ballistic Research Labs, and to some extent at Headquarters, U.S. Army

Materiel Command.



1. Treatment of the Malfﬁnction Sources, -

Four specific areas of the M16 are hereby handled as sources of

’

malfunctions, with no emphasis on their order of importance.

a. —Baffer; ' - i : "; ' =

:

Neither the standard nor the redesigned buffer are bound to the bolt . gl

carrier, and are not payticipating with their momentqm-to the effqrt’;o
launch by shock the_bolt, and extract the cartridge left in chargé ﬁf the
bolt carrier alone. It is feit that joining the two elements can only
contribute to the stability of the bolt syétem operafion and cyclic ré%e;
with larger existing mass used. An effort is under way aﬁ Rock Igiand to
.prove its feasibility, with a ;imple join idea not hindering the obeﬁing of
the rifle, . .

It is also felt that the actual redesigned buffef is of a de-
batable design, specifically on the use of plastic for spring effect,
and it is a general rule that an increase af weight of the bolt systeﬁ,
-more easily performed on the buffer, alsg increases an aufomatic weapon
operﬁtion ;tability. A ba;ic idea on its design is proﬁosed; for which
kinematic measurements actually under way at BRL will put more light,

b, (Gas Tube,

There is fouling of the gas tube, due mostly to metallic-bxideé
residues carried by the propellant gas ané deposited in fhé tube. %hese'
deposits are a small fraction.of the total residues, mostly organic?
which deposit at lowér temperature, These metallic.reéidues, mostly
copper, are scraps from_the bullet Jacket, increased by the design of a

gas port not in a barrel groove, but at random and larger than a-groove,
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It is proposod to use centrifugal {orces to seperate che mctdllic.;.fl
residues before entrance in the gas tube, building at the end of
obliquity drilled gas port, a emall cyclon axial with Lhe oee tube.

S e 7 3
As the gas flow will first search the larger diameter due to centrl—

_iugal force, it is speculated that the heavier residues w1ll dep031L

at the larger diameter, where a removablc and relatively cold‘tap

cen be constructed, Openlng of the tap Will allow cleaning of the

tap, cyclon and gas tube. |
Inladdition, this vortex antichamber will_introduce a time delay in

the operation of the bolt system, useful cq permit the extractioe of
the cartridge at lower chaﬁber pressure.. Ic is to note that a variable
aetichamber was alreedy under coneideration by the Rifles Project
Manager's Office, but with no vortex effect,

It is also speculated that the creation of a gas vortex could lead to

a closed loop gas eystem, as a time delay is neceesary to reverse the
‘direction of the vortex and haee the gas flow back in the barrel. Due
.to the very small mass of the gas, no gyroscopic effect is expected

to stabilize the firing linc in the automatic mode, even if the angular

velocity is extremely high,

¢. Chamber - Cartridge Interface,

.

It was found out using strain gages on the extractor that the
extraction force is high, in the order of hundreds of pounds, increasing

with used barrels,
Second, it was considered the fact that in the particular design of

this rifle, with gas actuation inside the bolt system, the launching of
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the bolt carrier and buffer uses the bolt as support instead of the

rifle body,.and that the bolt can push tﬁe cartridgeiforward in the
chamber before extraction. An examination of forpes} forward bush.

of the bolt againgt_bacﬁward push of the remaining chamber pressure
shows a strong imbalance;reaching aboutl300 1bs. for. the bolt agaiﬁét
100 1bs., for the cartridge head as:dat;_ére known sofar.l Consequéntly,
it was checked if the forward differential force creates a displggeﬁent =
of the cartridge. The tests were performed with no'extréctor, Gith or
without gas flow in the boit-system,léﬁd comparing the position of thé
cartridge head for the two alternativés. It was found that the ga;
actuation rams the.cartridge head thc;eby résulting in a permanent

set of 0 to 5 thousandthé of an inch; There is no proéf that éhe bo;t
Itouches the other sidelof the locking éle;rance,meaning itigests on

the'cartridge head. A computer analysis'df malfunctions versus locking
clearance“showed no cofrelation. 3

‘In the following test set using the same conditions, fired cases were
extracted by hand gnd measured accuraﬁely on the outside diaméter at
room temperature as functioﬁ of the méin axis. Similar;measurements
were taken on the insidé diameter of the used chamber, Correcfing for
raised temperature of tﬁeacases at extraction, approgimately SOOC thermal
expansion, the clearanﬁe was calculatgd with no chamber pressure. It
‘was foundlthat without gas in the bolﬁ system about one-third of the_
body taper on the s}de of thevshouldér was slightly pinched, the rest
of the body on the head side was free with a clearaﬁce of aBoutihalfnau

thousandths of an inch. The point of clearance to pinching corresponds

approximately to the hard or soft brass. However, when the gas.was used, .and.
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the cartridge pushed in the chamber, the last portion of the body was

swallowed and there was practically no clearance all along the body.

As there is a remaining chamber pressure, known actualiy in the rangé
of 300-400 psilat extraction, it cannot be supported by the ela;tici
strength of the casé even partially, creating a larger radial.forcé
pushing the case walls against the chamber. This radial force by a.
friction céefficient giﬁes.the friction extraction force, and due ﬁé the
low taper of 16, an appreciable loss in dynamic eneréy. In normal clean
firing conditions, the consequenﬁe is tolerable, but the friction
coefficienf_is unpredictable in a normal combat use affecting extraction
force and cyciic rate and becoming poteﬁtially disastrous in case of
existance of foreign bodies, as sand, etc. Cleanliness of rifle and
magazines is requested, not always possible. Technicélly, cartridge
coating with wax, teflon, etc., can be considered, but it ié:logical

to look for a better clearance at extraction.

IRadial forcélis reduced by reducing chgmber pressure; ﬁith Qémand 0%

a time delay before ex&raction, which:is achieved by the introduction
of the cyclon mentioned in connection with the gas tube.

Looking further, it.is proposed to change the bolt system actuation
changing the site of the ﬁiston. It caﬁ be performed simply by a
smalie? piston, of same active area, of aboﬁt 10mm, pléced at the
intersection of the carrie; key and gas tube, and pushing the key and
carrier instead to inject gas‘knto-the'key. The force will not be aﬁial
with the bol?, but such is the case in most automatic weapons, and thel

carrier is long enough to support the tilting moment. The solution is lighter

rw,
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than a long push bar, and it is speculated that it will not require a return
spring.ﬁ With a mass of only about SIgms, it can fioat, creating no kinematic
interféreﬁce, and there is space on the receiver to accept it. Latést, but
not less impottant, is the advantage to eliminate prOpgllant contamination
inside thé bolt .system. -
d. ProPeilants

The situation regarding tﬁe EroPellants used in the'M416 Rifle
is still too confused to make an inﬁelligent decision. Effértg are
continuing at both FA and BRL to cla?ify the situation.

Two propellants aré used. The first is the extruded IﬁR 8208M, using
a single nitrocellulose bare, with a specific impetus of 100 Kg.m/gm. The
second is the ball propeilant WC 846; using a double base of nit;ocellulose
and nitroglycefine, with a specific impetus of 106 Kg.m/gm. .Tﬁe geometry of
the ball propellant permits a highef.loading of 1.83 gm/round versus 1.64

: , e v

gm/round for the extruded propellang. These two advantages permit the ball
"propellant to potentially provide 18% mére impetus per round versus the
extruded prOpellant.- Unfortunateiy.ihe ball propellant exits with the exhaust
gases partially unburnéd, in an amouét measured by éamples aé BRL of 16%. :

The final result in bullet veiocity is that the ball pr;pellant meets
the specified bullet velocity of 3250_i'40 ft/sec; while the extruded proﬁellent
is slightly deficient. Hence, the extruded propeilaﬁt is used only with the
Lighter tracer bullets. o - -
= Second, the;ball propellanti;hoﬁs a higher.pressure at the gas_port,

and higher cyclic rate, versus the extruded propellant.

L



S
pAFVEEYE o)
101 US

of the blow back, we will take into consideration only this measured
force until refinement of the testing data.

The resulting velocity of the bolt carrier, bolt and cartridge will be

given by momentum distribution without rebound by:

Vi Ipc - Ip
Mpc -+ Mp+4Mcc
Where Ipc = Initial bolt carrier momentum
Ig = Impulse lost by extraction
Mpe = Mass of bolt carrier
Mg = Mass of bolt
Mcc = Mass of cartridge case
VR = Basic bolt system recoil velocity

Applying an average impulse loss of 6.5 gm.sec as by RI measurement with new

and old barrels, we obtain :

v. = 140.2 - 6.5 2 4,01 m/sec
275.3 + 51.4 + 6.2

This shock effect is verified.by preliminary photographic measurements,
with slightly lower results. The dynamic éneréy of the bolt carrier.and bolt
can be caluclated as 26,675 gn.cm and the total energy including the initial
buffer energy has decreased from;53,825 gm.cm to 45,450 gm.cm, or a loss of.
15.6%. S '

If the buffer was jdiging to the extraction effort with its total mass,

we obtain:

vg = 140.2 + 75.1

- 6.5 ' X 4.35 m/sec
275.3 +147.5 + 5 1

1.4 + 6.2

The total dynamic energy will now be 45,680 gm. cm, a practically neglectable
increase with an energy loss reduced to 15.2%. Sofar the joining of bolt carrier

and buffer has helped only to furnish a potentially larger extraction capability,

but practically no energy gain. e PN
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from the passage of the buliet under the gas port to extraction is approximately
2.8 millisec, these numbers varying from test to test. The recoil max. velocity
of the bolt carrier has been established at FA as 5.0 m/sec respect to_ground.
The rifle itself recoils, as the exhaust momentum of the bullet (359.1gm.sec)
and gases are higher than the recoil momentum of bolt carrier and buffer,
a total of 215.3 gm. sec. Since the velocity of the bolt carrier was established
with respect to the ground, neither rifle recoil movement nor the variations
due to the propellant will be considered hére.

Basically with 5.0 m/sec the bolt carrier has gained a momentum of
140.2 gm.sec and the buffer a ﬁomentum of 75.1 gm. sec. Their respective
dynamic energies will be 35,050 gm;cm and 16,775 gm.cm, or a fotal of
°53,825 gm.cm, I

However, the bolt carrier loses momentum to launch.the bolt and cartridge
case by shock, and to overcome the extraction force. The effect of the blow
back by the remaining gas pressuré inside the chamber is small. We know that
~ this pressure is approximately 350 psi, and we must consider only the section
of the neck acting as a piston, and not the laégest internal section of the case,
as the head of the case is partially counter balanced by the active section of

the shoulder.- with the section of the neck being .039 in 2, the force will be

13.65 1bs or 6,200 gm. The internal pressure is very rapidly decaying, and
"is below 100 psi after one millisec, when the neck is not yet completely
disengaged from the chamber, So we can evaluate the blow back impulse in the

range of 3 gm.sec. Considering further that the measurement of the extraction

force give us the balance of friction force, acceleration forces and the peak

¥ 3 :
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2. Bolt System Dynamics Considerations

These dynamics considerations of the bolt system movement start from the
kinetics aspect, or effects of the existing forces over the masses. A complete
effoft is actually under study at BRL starting from the kinematics aspect, or
displacement of the masses as observed through iﬁsfrumentation. There is no
discrepancy in opinion, the objective being the same.

The M-16 Rifle uses the injection of the propellant gas inside the bolt
system. So while the bolt carrier and buffer are launched in récoil, the bolt
supports the effort of pushing the cartridge in the chamber. The exact ﬁnbélance
bét%een thé bolt push and the internal pressure applying against the head of
the cartridge is not exactly known, it is tﬁe_task of thé pianned studies to
establish it a;curately.- 3ut is known that the bolt.reaction force is higher,
end the head of the cartridge is compressed. Through the cam the bolt during
_this period is rotatedlto unlock the chamber, but has no éxial displacement.’
When the cam pin reaches the end.of the groove ﬁhe bolt is suddenly.launched
by shock pulling with it the cargridge. The bolt carrier is slowed down and
the masses of the buffer continue at initial vélocity. There is no more energy
furnished by the gas actuation, as the cam pin block, any additional stroke
between bolt carrier and bolt, [Piston effect by the gas tube and key is
neglectable, too small worﬁing section and pasﬁ decay of the available.pressure.
' The order of magnitude of the time delays to follow these effects are .3 millisec
for the part of the gas flow to travel from the gas port to the bolt system,

2.8 millisec for opening of the bleed holes and an additionel .3 millisec for

the cam pin to reach the end of the groove and launch the bolt. The total time




created by heavy modecules, coming not from the composition of the double 9//
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Third, the ball propellant introduces more fouling in the gas tube )
than the extruded propellant. Examination of the residue's surface with ball f ’?
propellant indicates that besides the metallic portion, the rest has been =
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base,but most 1ikel§ from the composition of the déteryent coating.
The ball propellant uses & to 7% dibutylphtalate as deterrent to compensate
for the regressive burning éurface in its spherical form.
Ball propellant is produced in batches containing grain sizes from
.Oi7 to .027 inches, which are mixed to meet the specifiﬁation of bullet ¥rlocity,

peak pressure, unburned propellant percentage, gas port pressure and residues

left in the gas tube.
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The real effect, however, remains in the boﬁncing of thé damping;and
floating masselets inside the buffer casé. It has_bégn observed that the
buffer also slows down to about 4.0 m)seﬁ; which demaﬁds a study of the.
buffer as an ele;ent in itself énd control of the damping masse$ position
at extraction. _ | :

lwith'a recoil velocity of approximateiy 4.0 m/éec for theiwhéle.boit.system,
the dynamic energy becomes only 38,630 gm.cm, with an eﬁefgy logé.of'ZS.li.

It is not so important that energy is approaching the 36,175 gm.cm available .

in compressing the main recoil spring as by mean specifications. ' As the’

specification allows for + 3,250 gm.cm, there is unﬁertainty that the.plastic
top, or bumper of the buffer touches or does not touch the stock of the rifle
and we have or we have not full recoil stroke. The case is, if we Bave a
sinusoidal recoil movement broken or not by an apex, it creates a rapid

change in the cyclic rate.

To this uncertain situation which exists in horizontal firing, an

‘additional variation of + 4510 gm.cm must be added if a soldier fires at

+ 90° elevation. This additional variation by gravity on the dynamic energy

explains the problems of this rifle firing at negative or positive elevations.
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3. _STUDIES OUTLINE
-Iﬁ this studies outline, each.typé of test or aﬁalyéis is séﬁa;ately

listeq, in order to acﬁieve better understanding ‘of the effects reéearched
and usé of the data by separate working groups. Thé descriptiohslare kept
at the basic objective level? leaving to each contfacted group tﬁé task tg
estabiish a detailed_tést procedure.' IE must be emﬁhasized that such test
procedure should in particﬁlar eliminaté so much as ﬁossible sy§£ematic
errors in the instrumentation and show the ingenuit§-to separaté addiﬁioqal
non-researched effects in order to produce a realistic representation.of'the

1

objective under study.

‘a. Chamber - Cartridge Clearance at Extraction

The first objective of this study is to establish by accurate !

measuremenés statistically the clearance, positive of negative ' (interference)
between a chamber and a cartridge case fired in that chamber , as.function
of the chamber axis starting from a selected point of reference, using
corresponding dimensions of chamber and cartridge case before and after
firihg. The dimensions of the cartridge should be corrected. for éhermal
expansion, considering the temperature of the cartridge at extraction and
the temperature of the cartridge at the Fime of dimensions measuring. Thermal
eﬁpansion of the chamber is considered neglectable so far single rounds espaced
in time are fired. 'Consideration of the internal gas pressure at éxtraction
will be performed in a subsequent study. These measurements have to be per formed
with cartridge extracted without use of extractors and measﬁring the static
extraction force for interference countercheck,

Two. sets of‘tests will be pérformed, one with no propellant gas injection

into the bolt system and no consequent unbalanced force of the bolt pu9h1no

y
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the cartridge head in the chamber before extraction. The second with normal

gas injection,

The.secoﬁd objective of the study is to establish if there is permanent
ramming of the cartridée case in the chamber by the ﬁolt and how the cartridge
case is deformed u&der this bolt pushing effect. Tt is to note that pérmanent
ramming and cartridée case deformation éouid exist separately. Thé position
of head of the cartridge will be measured before extfaction to establish
the existance of the permanent ramming by.comparison‘of the twe tests sets,

The method of measurement of the dimeﬁsions of the chamberlis left
at the responsibility of the testing group, either by mold of thé chamber,
calibrated plugs, etc. The accuracy of measurement must be of .0001", taking
two diameters at 90° apart to compensate for elliptical shape and minimize

errors. The measurements must be made at increment of 1/8 ‘inches to avoid

-erratic clearance behavior for subsequent mathematical treatment.

The test will use six rifles selected from 10 new and 10 used rifles,
representing large, medium and small chamber diameters and lengths. Five
rounds of ammunition will be used from each current producer, representing

five samples sets of rounds loaded with ball propellant and three samples sets

of rounds loéded with extruded propellant. Total test population will be

480 rounds, considering gas and no gas ihjection in thé‘bolt system,

No attempt is made in this study to perform the same measurements with
automatic firing; due to the absence of extractors. &lso, suéh attempt is
not considered presently necessary, as measurements with”strain gages on the
extractor show highér extraction forces Qith single_found firing, and also

malfunction analyses show an higher malfunction rate with single round

firing than with automatic firing.

o
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A third objective of this study will be to determine the effect of the

exfraction and ejecfion_cu the dimensions of the cartridge case, which will
be practical to be performed followiﬁg the same test procedure, with
propellant gas injectqd into the bolt system and usé of the ekg}aétor.

This will represent 240 additional rounds, with dimensions of the:
cartridge cases compared with the 240 rounds fired with gas injection and
extracted manually,

b, (Caleulation of Kadizl Force.

I

From the chamber - éartridge clearance measurements it is possible to
establish the total radial force quhlng the walls of the caxtrldgc against
. the chambér, as function of chamber internal pressure, following a method
already practiced at Rock Island. > ;
This method traces a function of the pressure necessary ta reestablish
to zero clearance the clearance or'interference obtained by measurement,
as function of the axis of the chamber. The body and neck of_the cértridge
case are considered only, as the shoulder, by its high cone has no effect in
the fricgion extraction force. The difference between this zero clearance
pressure curve and the real pressure inside the chamber gives the pressure
against the chamber. No deformation of the chamber is considered due to.
‘too low pressure. The area or integral gives the total radial force as a
function of the internal p?essure, which is the objective of tﬁe study. Of course,
in positions where the strength of the cartridge case supports the internal

pressure and some clearance is left, there is no radial force existing.



The data of the cartridge - chamber clearance measurement will be

systematicélly handled, to give a statistical representation of the radial

force, with two objectives'to be determined, first if there is a high

pinching of the cartridge at zero internal pressure, created by the éartridge

design, second if there is too high radial force with real internal pressure, .
created by premature extraction timing.

c. Chamber Pressure at Time of Extraction.

The osjective of this study is to determine with éuffi;ieéf aécuracy,l
50 psi or bepter, the vaiue of the propeliant gas pressure inside thef .
éhamber at the time of extraction. This study is necesséry in order go
know the value of the total radial force pushing the walls of ?he éartridge
case against the chamber, as well as toldétermine the importance of the blow
Qack effect on the bolt system.dynamics when the cartridge case is cleared
inside the chamber.
. This measuremgnt-is difficult to perform due to_therﬁal transient
-on the gages, and tHe'need toluse.gages ab}e to resist the chamber pgak
pressure.and to furnish useful measurements at relatively very low pressures.
In particular there is a change.of the zero calibration at set—back..
Thg following guide lin;s should pefmif the execution of the Sfudfz
First, the influence of thermal transient sendtivity must Ge eliminated
bylchoice of the type of gage. If not possible, a gage can be mounted at the
_distance of one inch or so ffom the chamber, filling the port with hydraulic
fluid, which eliminaée the iﬁﬂediaté thermal transient effect ané still

offer a sufficient frequency response for this measurement.
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Second, due.to the smooth shape oflthe tail of the preSsuré¥time
curve;.gages with lower frequency response than the étandard 1.00 KHerz-can
be used, which hllows.sélection of highér sensitivity models. {

; Third, to avoid the 1653 of initial zero calibration, the reading
of the pressure.at éxtfaétioﬁ can be performed using the asymptotic tail of
the curve as1ncw zero célibfation. |

Féﬁrth; theoreticaily, when tﬁe bullet is sufficiently ;ut from thé 
muzzle so not folintcrfere with the exhaust gases, the pressuré decrease {n-
the chamber is asymptﬁtic.with time. This allows to plot the pressure-time
curve on a semiwlgg papef,.where it should ghow a st;ﬁight line if the zego
calibration is correct, as Qell'as furnish a coefficient of décay with time.
Measufements obtained with insufficient accuracy in zero ¢alibration can be
corrected using this technique.

The measurement of the pressﬁfé must be performed in the chamber
itself, and not at the mouth of the ﬁartridge, té avoid correctiﬁn_faCtors.
Ifhis obliges the tester to use a test barrel and not a rifle. It will be
useful but not absolutely necessary to obtain tﬁe corresponding high pressure
pressure-time curve in the same time. However, accurate time reféreﬁce ié

necessary, the exit of the bullet signal is sufficient.

Tests have to be ﬁerformed with a population of rounds; firing five

rounds per lot of ammunition by each producer, as by chamber - cartridge interface

test, or a total of 40 rounds.

17
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d. Extraction Force by'Strain Gages.

A éatisfactor? iniéial method has been used at Rock Tsland to
measu;e thelextraction'force using a straiﬁ-gage mounted on oné.extractor
and obtaining thiS'forcelas function of time; as well as the integral of
force by time, or linear.momentum lost by the bolt-systeﬁ for extréction
of the cartridge. |

Thé same method shquld be used to obtain both extraction force and
extrgction momentum loss on ﬁﬁe six rifles used in the chaﬁber - cartridge
clearance measurement study, to establish a correlation between éhe two -
methéds. This means 240 rounds, firing 5 rounds of eacﬁ ammunition lot
per rifle, five sets o£ ammunition loaded with ball propellent and three
sets loaded J£th extruded propellant. No effort should be done to accémplish
this test in cénjunction with a preceding test, as the only additional expense
is fhé cost af the rounds, and no ipterferénce between tests is desired.

In ﬁrder to insure .the best re5uits, an examination should be made
of the actual‘existing instrumentation, in-particular ééncerning frequency
response, strain gage, etc. Thg natural frequency of oscillatioa of the
extractor shéuld also be checked.

e. FExtraction Force With Contaminated Chamber

A description of this study has not been discussed so far, but it
consists in using one rifle and a fixed lot of ammunition, and to determine
the variation of the extraction force with several types of contaminants

in the chamber. Standard type of contaminants can be selected from standard

TECOM testing procedure.
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f. Buffers Characteristics

cia

The buffer of this weapon full fills two scparace functions, which,
conventionally are performed by two different elements. The first’funccion
is the hlgh rate sprlng at the end of the recoil strohe to which evontually a
damplng effect can be added which is the case in thls weapon. Such damping
effect stobilizcs the cyclic rate by absorbing excessive dynamic energy at:

Irecoil, but aiso affects the cyclic rate at high positive or negative firing
elevationc, as recoil velocity and return in battery velocity does not comoeosate.
The second function 'is to stop the rebound of the bolt at return- in

battery by shock of an additional mass. Conventionally this addicional mass
is kept at some distance from the shock intcrface by a spring_ond needs
damping to avoid toat énd by rebounding itself, it unlocks the bolt by
secondary effect. It is a matter of dynamic energy deccruction, necessary to
" avoid miss firing or firing with unlocked bolt. h

' Two oesigns of the buffer have been used wich the M-16 Rifle, the ;
first weighing 57 gms and the second, actually in uoe, weighing 147.5 gms.
The new hcévier model reduces che cyclic rate, and is used in combinétion with
ball propellant, which furnishes a higher gas port pressure. The advantage of
this combination is hooever, still debated,

Thc first modcl was mainly pcrformlng the function of sprlng effect at
the end of fhe recoil stroae using a set of.half—cooical spring rings, with
a cone of i 15°. It was affected by sticking, which could have been corrected
by a larger angle and different material. Its bolc rebound stop effect wcs
neglectable, the ‘damping mass represented by its alumlnuu end belng too small

The new model was dc510ned having in consideration the stop of the

bolt rebound,and uses a chain of cylindrical masses separated by discs of




butylrubber. The principle haslto be considered sppnd-for fhe &ésifé? effeég;
thé butylrubber per forming both the spring and dambing effects.: Howe#ef, .
fdr fﬁli effect it'uses a gap in the péckiﬁg of thé.masses,_to éompegéate fofi
slow down of the'boit system in locking the chamber; As a result of ;he free
floating cénstruétidn,.fhese massed do not contrigute ldteflto the exfraétion'
of tﬁe cartridge case. Thé spring function at the end of thc‘stroke is_perfo}%ed
by a piastic poiymethane top, having both spfing and damping'charécteristics,l |
which are function of temperature. Also, pléstic flow, neéd Of.time:of -
relaxation of the material and warming up duripg automaticifiring-enter into
consideration.

. Since the functions for both bufferg can be experiméntally-meésured
and also calculated, the ﬁbjective of this study is to establish realfsfié
functional characteristics of these two buffers. The buffers will be examined
as iﬁdividﬁal eléments,-separately from the dynamic behavio% of the bolt system,

under variation of temperature and wearing. The characteristics of the rifle

will be used only to establish the spectrum of use of the buffers.
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g;: Ball Proﬁeliant IndividuallPafameters Effects
1'Th¢ objective_of'thése tests is to esfablish which rifle system

characteristics are obgained by the uée of;é ball propéllaﬁt grain of one
single size, a specific amount of‘deterregt‘cdating,-and a Specifi§ time
- of curing at elevated temperature‘for detergent migration'in the ggain,
instead of using blended batches. The reéults of thesg tests are not
.intended to be repeated in'pfoduction, but tb show individual effects in
order to make intelligent decisions. '

Fﬂrst, the verious popuiatioﬁs of grain sizes, coming from a single
double base batch, will be s;reened for_sizé,'by sieviné, and divided in
" sets of grains of progressive diameter stépgl

Second, each set @ill be divided in secondary sets, which will be
coated by a Progressive'amouﬁt‘of deterﬁﬁént. Zero deterrent'shoulg be con-

- 5
sidered, even if inferior ballistic efficiency will negate later its use or °

its testing. -

Third, each secondary set will also be divided in subsequent seté, to
which.ppogressive steps of curing will be_aﬁplied.

The tertiary - sets will be submitted to a sufficient amount of firing
to determine the pressure-time curve, the pressure —disflacement curve, the
bulleF_velocity, the amount of unburn proﬁellant and the amount of'residue
left in the gas tube. It is suggested that the pressure - displacement curve
should be produced elect;ically at the same time with the pressure-time 6urve,
and with sufficient accuracy Eo show the gas port pressure.

The procedures of this study can be detailed furfher by FA, which

have the mission of small caliber propellant,
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4. Design Modifications Qutline

a. Cyclone Between Gas Port and Gas Tube

.The two objeétives of the incorporation of a cyclone chamber between
.gas port and gas tube are, reduction of the ﬁeav;est %esidﬁes fbuling the
gas tube by centrifugal force and delay of the gas transmission to the bolt
recoil system to extract the cartridge at lover chamber infernal.pyessure.

The procedure will consist in desigﬁfng; intuitively, an experimeﬁtal
device in the sight bracket which contains a conical chamber fér inducing
gas.swiri by a'obliquely drilled gas port.. It is to note ;hat such QEviée
can be designed more on the side of the chambér using larger gas pressure
ana smaller gas port. As the gas will first search the largest diameter and
the heavy residues will be maintained at tﬁe largest diameter by centrlfugal
force, thlS means that the top of the conical chamber should be removable, in
order to clean it. Tt also will be provided that through such opening the gas
tube can be cleaned, which is the reason to.design the coni;al-chamber in
the sight bracket. The device will provide experimental vérificétion of thé
theory by showing that heavy metal particles are removed from the gas
flbwing into the gas tube andfstﬁred on the top and that the bolt pressure-
time curve record shogs a delay. A sketéh of such cyclone_is attached. I

It must Ee expected that several devices with different Shape and size
can, as necessary,.be'built and tested in ordér to obtain glparametric
view of its effect. 1In parallel wifh the intuitive models a mathematical
calculation of gas flow theory~“for this cyclone will be performed, and results

correlated. However, the experiment phase of this project should not be

delayed by the mathematical formulation.

A
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The size of the gas port required by the additional effect of the |

{
J

.cyclone is not known. There is.augyroscopic efféct.preciuding_éhe vortex;
change of difection without a time delay, practically transforﬁing ghe system
from open loop to closed"looé.ziOn the otﬁe? sidg,more gas is néeded.to fiil
ihe.additiOnalhchamber. The_feasibility‘study will determine if the actuai
gas port is adequéte, and consider if twd gas ports or an advanced position
of\ the cycione using higher préssure are needed. s
* The composition of the residues will also be examined. FA test
_have shown th;t the re31dues 1n the tube, largely metals, are in the magnltude

of O]b mllllgrams/lound BRLItest have shown that the-total residues, mostly

!noroanlc, collected at toLal gas expansion w1th no back pressure after the gas -

———,

tubes, are 3 milligrams/round. As the centrifugal force is on the order of

10,000,000 g, the sfudy will determine whether too much residue is collected

and provide adequate data for.design modification to decrease the swirl.

From thé experiment#l;dévices and_gas flow théory, informationswili
be obtained to design a prototype model. This model will be suﬂjectéd to
gnough firing to verify that it prouidés a degree of improvement over the g
existing system both in reduced dynamic extractor force and reduced résidge
deposits in the gas tube. Feasibility stﬁdy will be considered complete when
the two objecti;es are obtained.

If the objectives ére obtained, tﬁé final confiéufation faking in

account the interface with the rest of the rifle system will be part of a

follow-on project.




5. Cartridge Case Brass Hardness Pgofile

From the tésé samplé; taken at fA and reduced at RI, it appears
_thatfwithout gas iﬁjectioé in the boltlsyéﬁém and no internal. pressure
in the chambér, one ;hird of the cartriﬁgé_case is pinched on the side o
~of the sh;uider. The clearance and iqlépﬁerence profile cloéelé follow the
hardhess_of the braés, as.shown in the g&junct picture.

Following a classic stress—stréinsﬁiagram, after the Eartridge;has
ffotlowed the chamber expansioﬁ through plastic deformaﬁion, in thq-hard brass
zone thére is sufficient stress.return capability £6 cfeate a cleafahce at :
" the time of extraction. This'ig not the case for phe_soft portion, whicﬁ
remainslpiﬁched even'without_chambe? intefnal pressure, The chamber inner
and outer diameter being practically cﬁliﬁdrical, there is no default 6f
§ufficient rigidity by ?he chamber, -

The objective of this cartridge case hardness profile change is to

»

extend the high hardness to the complete boéy of the case, so far as practical

-

in production. The neck ﬁust remain soft, for storage condition, as hard
brass under the stress to hold the bullet will crack in storage.l There 1is

no importance on the hardness of the shoulder from the point of View.of
crushing the shoulder at chambering. Thé energy to crush the shoulder during

the actual maximum chambering stroke of .002" is in the magnitude of 150 gm cm,

against 36,175 gm cm storé& in the main recoii Spriﬁg, which makes the ramming

energy af the bolt return in battery overﬁhelming by two orders.of magnitude.
Consequently, the shoulder appears to be the best place for the hardness

transition zone, dependent only upon production methods. It is possibie that the

current method which has the main portion of the body in water for cooling and to
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heat the neck by gaé flame, should be changed to a more modern and accurate
induction heating method,

A sufficient number.of rounds will be experimentally manufactured
following thé objegtive of this projecf and will be tested in one rifle
without‘gas injectionlin fhe bolt system to prevénﬁ influence of the'bqlt
ramming action befo%e extraction or in a test bafrel.l The diameters of
the extracted cases will be measured following the same procedure as used in

. 5
preceding studies to measure chamber - cartridge clearance. The modified hard-

ness profile rounds will be.compared to a set of rounds of standard brass
hardness profile as now in production. -

If necessary, additional seté of rounds will be produced experimentélly
with various hardness trénsition zoneé, tested and compared folloﬁing the
same procedure, ‘

The experimenﬁal rounds will be examined télchéck defects which
will interfere with thg objéctive of Ehe project.

When the feasibility of the project is proven a proposal will
be prepared to indicate what adequate means will be nécessary-to aﬁply iq:
the productipn line to obtain cart;idge case with the new brass hardness
profiie. | -

c. Neck Taper Angle

Actually there is no taper at the neck ofltheicartridge, either
on the cartridge or thé rifle. By the samples exaﬁined in geherél,.theré
is no pinching of the neck, but occasionally there is a-pinchiﬁg, which
by non-existence of a ;aper means a small loss of'éﬁergy at extfaétion.

‘ . -
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5 Another 51de of the de51gn is that the;bullet 15 better held by a
cylindrlcal neck, However, the soft brass of the necklat high pressure w111
a;sume the rontour of the chamber by plastic deformation. ‘Thergfore, if the
neck portion of the chamber:has:some taﬁer, rhe cartrrdge ﬂerk will Be c%amhered

:
Gl

cylindrically, but will be extracted conically. 53

fhe.objective of_tﬁis study is to marhine on tﬁe'neck portion of thé
ch?mber a téper at increasing angle by step of one degrée, to fire a sufficient
amount of ro?nds and check the progressive defects which will arpear between
neqk and shoulder. From these tests an optimal angle of the chamber neck
taper will be established,.which will reduce this small but unneeded loss of
enérgy at extraction, without compromising éhe structural integrity of tﬁe
cartridge case. o

d. Join Between Bolt Carrier and Buffer

At the moment of extraction, the bolt carrier is slowed down by éhock
to launcﬁ the brlt and the cartridge, and also by the extraction force. Some
‘delayed recovery of this loss of speed is furnishea by the blow back internal
pressure of the chamber. However, the buffer, or better in the redésignéd
buffer, its center of gravity represented by the damping masselets continues
alone againét the main recoil spring andzdoes not participate to the effort
of extraction. In other words, the total mass launcheﬁ_iu rerpil is not
available at the critical moment of extraction, which increases the sensitiﬁity
to the extraction force and the directly affect the cyclic rate.

The objective qf this-prosect is to design a join between bolt carrier

and buffer which will open the way to full utilization of the masses in movement,

LT
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-while also éllowing the actual opening of the rifle. The design of such

oin is attached. 
This.joidtwill be designed,.inc§:porated in one rifle and tested
tb prove that no inconveniénce or unsusﬁécted effect will arise’ by such
joining featdre. The objec;ive is to prove that the join is feaéible without
inconvenience.
- There will be no change in this project on the.inside'of the buffer;
as the masselets ﬁill move on their_own as before. The task to avoid their

free movement will be in a separate project.

e
[



e. Buffer With Full Mass Utilization

If the joint between buffer and bolt carrier described ié the precéding 
task proves successful,'the way is open to a full utilization of all masses
for extraction purpose, iﬁcluding the floating mass uéed to stop the bolt
rebound at return in Battery. Also, gvéﬁtually-byluse of tqngstén alloys in‘
the buffer instead of steél, no high stresées exisﬁing inside the Buffer, it
is possible to increase the total moving mass of tﬁe bolt system, whigh is a
general rule to improve operational stability of a weapon. _WQiare speaking
here of a ffaction_of a pound, for wﬁicﬁ calculatioﬁs shbw intetesting re§ﬁlts.
More powei frdm the gas system is available, due to_the ratio.qf 309 ib 1 ‘
between muzzle power énd bolt system power; without éffecting bullet velociﬁy.
0f coufse an increa;e iﬁ weight has to be made in case of no othei alternative.

To proceed into this task some preliminary:results shoﬁld already be
known from the preceding tésks, as well as from the kinematic_study of BRL.-

So it is not possible-to give hereby a’sketch of .the buffer modification, but
" the objective of this project should follow these guide 1ine;;

Use of classical high rate Spring mounted on.the buffe;?to end thé_.
recoil stroke. Answer ﬁhe question about the need of éampinglon'this effept
and design the modification consequentiy;

The total mass of the buffer,;including the ilbating mass will ﬁaik

= Ete he ;
together-with the bolt carrier to launch the bolt and?fired cartridge éase,
and to overcome the extraction force. S;ch effect can be obtaine& by a spiing
able to sqpport the acceleration forcg on the floating mass aad maintain the

mass at the back end of the buffer case. It.is now kept at the front end by the
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recoil acceleration. At rétﬁrn in battery, the force of deéeleration being'
quite highéfltﬁat the force of.rgcoil acceleration, éhe'spriqg will collapse
énd the mass will impact on the port end of the buffer case,; sgopping the

bolt rebound; Adequate dampiﬁglmean wili be used to avoid seCOndary-effectg.

The effect can be both caldﬁl@ted aﬁd measured,

f. Gaé Piston Qutside Bol& System
2 Basically the use of gas flowing to the region of tﬁe'bolt syste%
was introduced in automatic weapons for weighp reduction and inérease of
cyclic rate, due to the high velocity oﬁ the gas. The second‘reason does not
exist for a personal weabon as a rifle, but weight réduction is_important.
However, the method how it was used b%s brouéht a number of probiems, particularly
to.the M-16 éifle, which has.beeuenlmefated in this study. -
It is possible to modify the system mounting algas ﬁiston of

equivalent working section axially with the gas tube and pushing the bolt

carrier through a modified kéy. Such a modification is mechanically simple,

with no change in the weight or external appearance of the weapon, but the

changes in physical characteristic are:interesting. It does not have the added
weight or tﬁe dynamic complication of the use of a push barj The sketch hereby
shows such a design modification. It needs more design refinements, but it
shows the principle and the following physical systém changés cén be deduc#ed.

1. No more fouling by the gas inside the boit syste;, as thére is no
gas injection. |

2. No gas leak between gas tube and key.

3. The reaction of or the launching of the bolt carrier is against the

receiver and not the head of the cartridge case. So no ramming or deformation

of the cartridge case can occur.
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4. Straight jet of the gas against the piston.
If thé'ﬁrbject to reduce the céffridge pinching by changing.the brass
hardness profile succeeds, the cartridge case can eject as soon as the bolt
_unlocké the ehamber; ;h this case, use of the blow back effect "of the internal
pressure iﬁ the chamberlcan be utilized, the bolt cén be iaunthed by the
cartridge case and the bolt carrier needs less initial veloéity.
5.\ Decrease effortron the cam groove for extraction, and use pf the internal
cavity for interface between bolt car?ier and .bolt, with no gffort on the cam
pin ;t chambering. This region is a mechanical weak porﬁion.of the rifle.

The dbiective of this project is to study,”design, construct and test fhis

modification as a feasibility project and to furnish a complete comparison

report between thé two alternatives.




CONCLUSTION

The p;éceding program extends to alseries of tests of éctu%l hardware
and a sérieé of modifications for product improvement:, Concefning thelfirsf,
the cost of the program will be largely justified, not only for potentlal
product improvements, but eventually recording its cost by better knowledge
of the hardware and féllow~on improvement of the acceptance épecification.
Copcerning the design.modifications, it can be noted. that ;hey are small,
even if some are 1mportant. It can also be noted: that some are overlapplng,
but untll their parameters are known no final intelligent decision can be

made. It is difficult to predict their succesé, as in any engineering

project with data still based on a

few samples, but it is worth at least to

try.



M-16 Rifle Technical Dati

The f0110wiﬁg data are average measured of sbegified éaﬁé: ; / :
Ind;viﬁual Weight - : .'j F?ffer Assemb}y,;old Degign. = 57.0.gms
- I ' . Buffer Assembly, New Design ' 147.5 gms’
_Recoil Mainrsﬁriﬁg = = 59.itgms-
= ::.' Bolt Aséénlﬁ_l.y With Cam I_’J_‘.nj ,' ‘ _:i.'_-';]._l.lr:gms‘
3 h:j'BolF Carrie£ Assembly = . :i f. é75.3 gms
: X.ﬁound, Béil_Préﬁ & Ball P£63 .j ;;iii.7_gms
Lﬁ‘ﬁound, Extfudeé Prop & Tfaéer Proj : li.é gms
! : 1'} Cartridge bésefFired ..n: ; = 6.2.gms
‘Projectile,:ﬁail (55—=k i gr) : : ' 3.56 gms
: S Projectile;LTraﬁér (53 ifi-gr) - 13,43 gﬁé
BoitISystem ﬁeigﬁé = :.Return in'ﬁétéery, New Buffer kg 515.S.gms
= I Ball Proj & ?rqp (Round -+% Sp?ing) :
w  On Recoil,iéémé Condition::. I :i | 5;6.0 gms
Main Spring - _.-‘ “‘l', Com§resseq.Léngth of 4.415Ii&, .; é;é&&.Z gms
' = ' Full Recoil : =
_ CompresseduLength of 8&96 in,. : 2;630;8.gms
ﬁ in Batté;y = o s +226.é gms
Spring Rate = : 241.3 gm/cm
 Compressed Energy Available _ 36,175 gm.cm
: . : i3,250 gm.cm
- FN : e fl
For Drhicial 58 URKY
I



Pr0pellantf
1 !-'

Velocity

~

Momentum

Cyclic Rate

Energy

Power

2

3

ey

bt

-Remalnlng Bolt Carrler Velog1ty
£ : . 1

‘Ball Projectile Momentum

"Peak Mdégﬁtum of Buffer (new)

WC 846 Impetus in Round

Bullet Velocity (3250 + 40 £/s)

45

to Launch by Shock Bolt and Cartrldge

et Blon (lat
cial Use OUniy
IMR 8208M Specific Impetus e o0 Keam
" WC 846 Specific Impetus eEh0e EB$E.
IMR 8208M Load in CarLrldgc At 1,64 émfi
We 846 Load in Cartrldge | il 1 83 gmf
‘IMR 8208_Impetus in Round o — e Kg m ;

. 194 Kg.m -

© 990.6 m/sec

BoltICarrie: Peak RécbiI_Veloéity 5.0 m/sec
Measured by FA el
- Loss of Veloc1ty by Bolt Carrlcl ; 1- l?.j%'bz

(Wlthout Frlctlon Force or Blow Back Fffects)

i
]

Peak_Momentum of Bolt Carrier

at Recoil '

at Rec§il. el : . ;
.Total I@pulse By Gés Actuator : x;rlf225l
Specified : 150
: i 4100
Time Bétweeﬁ Firiné  _I : . S 80
.Muzzle ﬁnéféy, Ball'froj. : 2 "177.
: _Peak_RecﬁilTEnergy,-Bolt Carriep e 575
Plus Buéfer + % Sprlng
i\MZzle Power (at 750 rounds/mln) - =i2294
 Peak Recoil System Energy S ‘t .096
:Ratio of-Powers e f‘ : :369
Eonen (b Lt I . n
- :

-i 359.1 gm.sec

4 13 m/sec

LY

140.2 gm.sec

T e
Y N

75.1 gm;sec

3-gm;se¢
rounds /min
rounds/min
millisec
9fgg.hkround

Kg:m]found

6 HP

HP:,,.

to 1
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_ MEMORANDUM FOR RECORD

SUBJECT: A Study in Amnunltlon Extraction and Chambering in the
Ve MI6AI lele System Conducted at Frankford Arsenal 5 to 7 Junc 1968

s The object of this study was to determine whether the forward thrust
of the bolt during unlocking makes a significant contribution to extraction
- force and to obtain an estimate of the time relaL:onshlp e><|st|ng between
‘the chamber pressure and the bolt pressure.

Bolt Forward Thrust Evaluation

; The basic procedure consisted of measuring the change in head position
of the cartridge case relative to the barrel and evaluating. this change in
‘terms of force by compar;ng it with the deflection obtained by statically
pressing cartrldge cases into a chamber. :

. A cartrldge was chambered from the magazine with an extractor!eSq bolt
_by means of the manual charging handle. The location of the case relative

. .to the barrel locking lugs was obtained by measuring the space from the inside
“barrel locking lug surface to the case head. The cartridge was fired and the
same dimension remeasured. The procedure was repeated with a second cart-

‘ ridge but with the gas transmission system plugged. Thus the effect of for~

- ward thrust exists in the difference obtained in change of head position
relative to the barrel. The measurements recorded are shown in Figure 1

-and listed in Table |.

The difference in head location between firings with and without the
gas tubes plugged is relatable to force magnitude by comparing it with the.

" . force-deflection curve obtained by statically compressing a cartridge case

into a chamber. Figure 2 contains three typical curves. One curve is for

an unused cartridge case where the case is supported by the shoulder taper.
Two curves are for cases with the shoulder removed where the case is supported
by the body taper. Approximately one-eighth of an inch rearward of the
shoulder was removed to insure that no support was given the case by the
shoulder taper in the rifle chamber. 'One curve is for a fired case and the
other for an unfired case. The tests were repeated for both cases and cham-
ber conditioned to temperatures of 100°F, 200°F, and 300°F. No significant
change in the curves shown in Figure 2 occurred.




TABLE |

Head Position Relative to Barrel Locking Lug -

(0) (E) (R

- (A) - (8) (c) -
Cartridge 3 Bolt * . -~ Bolt Barrel Case Head -  Case Head -Case Head Location
Case Rifle Locking Lug Case Head Locking Space Location After  Location 7. After Firing
Mumber - Number Length Recess Length Chambering After Firing Without Gun Tube
1. 1 .280 Nzi7 .289 .1615 . 1590 s
2. 1 .280 127 .289 .1610 .1575
515 i .280 ; 127 .289 R . 1580
b, T .280 ' TR 2e] .289 . 1605 .1570 -
5. 1 .280 I <127 .289 L1610 .1575 -
6. 1 2807 e 127 .289 .1610 - . 1540 Mgy
T I .280 2 .289 .1610 -. .. 1545 &2
8. I .280 27 .289 .1610 - . 1545 i)
9. 1 .280 g .289 .1615 - - 1550 Yoo
10. TH 280k 127 .289 .1620 - - L1545 i
g . &
o 1 [ 2 .280- ST .285 .1610 1585 = il
ST Y 2 .280 ; -127 .285 -1600 1545 i &
s 13 2 .280 w127 .285 1610 1590 - i
T 2 SO 127 .285 .1605 1590 i, &
S 15. 2 +.280: - AON: Dy - .285 . 1600 1575 - - -&gﬁﬂ
i, 16. 2 .280 127 .285 .1600 - - 1545 i
Sl A 2 .280 127 .285 .1605 - - 1545
aEmlc 18, 2 .280 : .127 .285 .1610 - 1545
oy 19 2 .280 - : w120 .285 . 1605 - 1545
=55 01,20 W, 228000 5127 .285- <1605 - 1545

Numbers 1 thru 10 fired in new rifle; and humberé Ii_thru 20 fired in old rfflel*



; An estimate of the temperature rise 'in the cartridge case sidewall
was obtained by drilling a small hole in the chamber and placjng a high

response thermoeouple against the case. The temperature recorded was apprOX|—
mately 300° F. - o : :

i

A static measurement of the force requ:red to extract the' cartridge
case was made by pulling the case from the chamber with a spring gage.
‘This was done for both pressuulzed and unpressurized bolt condrtlons to de~
term:ne if the difference was measurable. _The results are glven in Table %

" The conclusion from Lhe above tests is that the bolt does produce a
forward thrust on the cartridge case just prior to unlocking. - No exp]anatlon
is made at this time for the unexpected recording of higher static extraction
force for the unpressurized bolt system as compared with the pressur|zed Sys=~
tem as well as for the relatively low value for both.

LheY )

S

‘Bolt Pressure~Chamber Pressure Time Reletvonshlp

Frankford Arsenal developed technnques for measuring chamber pressure
and port pressure 5|multaneously in a test barrel and for measuring bolt
pressure on a prototype rifle, but has yet to develop a technique for measur-
ing all three simultaneously in a prototype weapon. Therefore, an indirect
procedure is required. First the chamber and port pressures are measured in
a test barrel with projectile muzzle exit indicated on the record. The
record is continued to the point in time where the pressures become zero.
-This permits an estimate to be made of the pressure existing in the case

at' the time of extraction. .Second, the bolt pressure is recorded with pro-
‘jectile muzzle exit indicated on it. Thus, the common projectile muzzle

exit point on both records permits the complete time sequence to be estab- !
lished. Figures 3 -through 8 are such records. Figures 3, 4, and 5 are for '
WC-8L46 ball type propellant loaded cartridges; and Figures 6, 7, and 8 are

for IMR-8208M extruded type propellant loaded cartridges. Shown on Figure 3

is the bolt pressure record which is initiated by a signal from the firing
-pin and continues to gas ‘tube separation from the bolt carrier. The first

part of this record, the horizontal line, contains a change in record inten-

sity signifying prOJectrIe muzzle exit. Since muzzle exit and initiation of
pressure rise in the bolt occur very close in time, the second record was
made simultaneously with the first one to expand in time the inftial portion

of the bolt pressure curve to clearly indicate the time existing between
projectile muzzle exit and bolt pressure initiation. This time is indicated

by a change in intensity of the line and is indicated by the .11 ms dimension.
This portion of the record was further expanded on second recording shown in
Figure 4 because of difficulty in determining the exact instant of pressure

rise. The first curve is the normal bolt pressure-time record while the

second curve is an expansion of the record from projectile muzzle exit to

- i il [l -2 = H
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A
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fCasé Extraction Force

ey e

Case Static ; Case Static

+

Cartridge : At =
Case SRiIFle Extraction Force " Extraction Force
_Number * ¢ Number - With e8h” Tube (1b) Without €47 Tube (1b)
1. 1 S S {7
2.' I 5'5 -

i 1 b5 e & : - e Bl
L. 1 b 75 SEEEy et B
S. } I. : . v f 5 : -’ 2 AR ‘_;: -;-- S
s 1 St S et S g s S Al
8. ] e e e s T el
9. k 1 - . R g
1% ! o P P EhL SR
1. 2 3 -

12. 2 gy -
13. 2 2.5 =
1. 2 "3 ¢ -
15. s i3 -
16. 2¢ ; Coe S0 1
17. 2 - 435
18. 2 - Ty
19. 2 - vl
20. 2 = 4.5

Numbers 1 thru 10 fired in new rifle having .009 clearance between bolt lug
and chamber space. et :

Numbers 11 thru 20 fired in old rifle having .005 clearance between bolt Iﬁg
and chamber space and 10,000 rounds fired in it.

T
e T 3 LY et i
& 3 5 i -
PR L g ! B IAA) % ‘;? 1 £ = o i
E Ur €..,,l"l (_:!.: i ‘)\j n?:li'—."
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bolt pressure rise.. The time is now clearly indicated to be .08 ms from
projectile muzzle exit to the beginning of pressure rise in the bolt.

~ Figure'5 contains chamber and port pressure records. A_change in intensity
“indicates projectile muzzle-.exit. From these three records, the times in
Table 111 are observed. Figures 6 through 8 are the same type of records .
for cartridges’ loaded with [MR-8208M propellant. 5 R

TABLE 111
S . Time of Events-Milliseconds
We-846 LHR-8208H
Primer Struck _ = _ 0 SN0
Port Pressure Begins i 3 dras 1205 =i 0005
Muzzle Exit s 1.25° vt 108
- Muzzle Exit to Bolt Pressure 0.08 ISR 0G0Y
_ From Beginning of Record e A
to Bolt Pressure B : s P D |l e
POEt to-Bolt ‘Pressure - A il - 0.28 0030 ¢
Far Uiz Uss Uni
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11 July 1968

MEMORANDUM FOR RECORD

SUBJECT: Study of'After FirIngIC]earance Between Rifle Chamber and
Cartridge Case for Rammed and Unrammed Conditions .

> The object of this study was to determine the clearance between the
cartridge case and chamber at several locations in the chamber -for cases .
rammed and unrammed. Rough calculations were made to provide an.estimate’
of the approximate internal pressure required to take up the clearance be~
tween chamber and cartridge. At

Firing procedure consisted of firing six 5.56mm cartridges in an
MI6 rifle. Half of the cartridges were fired with the gas tube operational
and the other half with the gas tube disconnected. The extractor was re-
moved and the fired cases were extracted by hand to prevent damage to them.

A mold was ‘made of the M16 chamber before firing. The base of the
chamber was used as the reference point for all measurements. Diameters
were measured every one quarter inches. The corresponding points on the |
cartridge were located by measuring the distance the cartridge protruded
from ‘the base of the chamber before and after firing to find the location
of the diameter on the case which corresponded to the chamber diameter.
All measurements were made on a Jones & Lamson Epic 30 Comparator and _
‘Measuring Machine. The results of the measurements and calculations are
given in Tables |, |1, and [11l. e ;

Figure 1 shows the location of the chamber diameters measured.
Figure 2 shows the location of the two dimensions, A and B, measured
before and after firing to determine corresponding chamber and case diame-"
ters. -Thus, a location of a diameter on the case after firing which corre-
. sponded to a chamber diameter was obtained by calculating C (C = B~A) and
- adding this to "X" (Figure 1). : h S5
-Table | contains-a tabulation of the measured data. The first column
identifies chamber location, and the second columthe chamber diameter at i
this point. Columns three and six list the diameters of the cartridges :
before they were fired at locations corresponding to these chamber locations.
Columns four and seven ‘list the diameters of the cartridge case at the same '
locations after they were fired. Columns five and eight contain the dif-
ference between the chamber diameter and the case diameter (column 2 minus
column 4). Column nine is the difference (column 8 minus column 5) between



.
<

selaganz o

e

the clearance obtalned after f:rlng for rammed and un|amned ‘cases (wlth-

and wlthout gas ¢ ‘tube connected). | _
: ' Tabie 11 conta:ns Labulatlons of locat:on dimensions A, 8, and C
The d|fference columns in the ‘Dimension C _tabulations reflect the effect

il of rammlng e ‘}. S Sa e ; %
1 p s -3 £ et . ; S
¥ Table I'll contains the results of calculations made to obtain an
estimate of the pressures required to have the case take up the clearances
existing after firing between the case and chamber wall. The two figures
given in the case clearance. column under each heading are maximum. and
minimum clearance determined by tests on three cartrldges. Pressures were

:célculated for both maxlmum and mlnlmum clearances. : R
g L= S S '
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TABLE |-

CHAMBER AND CARTRIDGE DIAMETERS

Notes: WGT
WOGT

Col 5

.. 'Col 8

Col 9

[E TR

with gas. tube
without gas tube
.Column 2 ~ Column &
"Column 2 - Column 7

Column 8 ~ Column 5

+2552

| Chamber : Cartridge WGT
Location. .Diameter Before .. After Diff .«
I 2 e 5
.250 3760 L2700 1 1l U395yl ihong
.3701 .3757 .0003:
§37.0007 1. 3756 41110005
.500 LTI s 36 08 .3704  .0006
; : i +3665 T 437064 . 1,000k
o 3668 1 TRk T 0 006
b 750 .3665 .3618 - .3660 . .0005
L : .3625 .3661 . 000k
= o .3618 .3660 .0005
1,00 Beon 35647203618 7 ook T
i i 357h 03621 .0001
¥ .3570  .3618 .0004"
=y 1250 .3578. 23510 [l 357600 0002
b .3517  ..3575  .0003
e W35G .j.3589 ~.0002.
R ot L29U3 Tt iog70 712980 - 210037
: e 22967 - .2970 - -.0027
liGgoddlit tuncal ongs lissso L ipolty
L s “ 1 .248L4 . ;2570  ~.0006
.2483 .0012

Cartridge WOGT

25897,

Before © After Diff
6 7 8
$3700 " 7 37620 10008
.3700 3751 .0009
.3700 .3752 .0008
5366871137027 0008
.3669 .3700 .0010
.3662 /- .3704-  .0006
.3635  .366] .000L
.3626 . 3656 .0009
.3620 .3657 .0008

2335787713618 1 -5 000k
.3566 ©3625 -.0003
3564 3618 - -.000L
.3512 el
35130 .3587, [=.0009
.3515 .3581 . ~.0003 . .
.2973 2973~ =.0030:
-.2972 .2975 . ~.0032
(248l .2558 0006
.2486. - .2507 . ~.0003"
.2482

.0007

" Difference
WGT =~ WOGT
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o
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TABLE. |1
RELATIVE CHAMBER AND CASE HEAD LOCATIONS
Dimggsjbn;&
Cartridge Head to End Locking Lug
‘Before Firing i_ S After-Firing =
With Gun Tube Without Gun Tube . With Gun Tube - Without Gun Tube
.375 . s e 0372, a0
.376 e o e e
376 g 74373 Lo
Dimension B
j Base of Chamber to End Locking Lug
0.502 - S
Dﬁmensioﬁ C (= B-A)
;.,_ i _ Chamber Base to Case Head
With Gun Tube i ..J'!\' .-'without Guandbé ; o
Before After Difference : .. Before ~ After  Differénce . -
Slof i Polan e S S0 i 126 B 006
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TABLE 111
TABLE 111

~

Z
PRESSURE TO. TAKE UP CLEARANCE
Case - Case Case Clearance = h.u.-n..Phéssu;e--- S e e e
. Chamber Case Wall Qutside Inside With Without WA ER Without j
. Location. Thickness . Radius . Radius . .° Gun Tube Gun Tube -Gun Tube Gun Tube
.250 .0270 1874 . 1604 ~.0003 .0008 2100 5500 °
0005 .0009 3400 6200; =ikl
.500 .OIQS . 1849 - L1704 . 0004 .0006 : i ' 1400 122000 Fipie
agr | ) .0006 .001 2200 3600 .
(i .750 , +0105. . 1824 1719 . 000k .0004 TN R B o
Lo : . : ' .0005 .0009 1300 -, 2400
€5 000 .0086 .1799 1713 .0001 .0004 o o0l
£ . 000k -.0003 900 S
CE 250 e looTh 177k 1700 .0002 . .0001 - 400 200
b e A = - L ©=.0002 - - =.0009 - e e
i '
e c 13 i
) ( b2 + CZ__ -V )
; Al
where :
E = Modu]ug of elasticity of brass
: c = Outer radius of case
D s Irner radius of case
3 L Poisson's ratio i
U= Displacement of radius ~
P = Shrink fit pressure z
bl . 5
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SUNMARY OF CARTRIDGE EXTRACTION FORCES - K16A)l RIFLE
FIRING TESTS WITH EXTRACTOR NO, 1 ]

. e T e e e

WEWl BARREL NEW BARFEL ; USED BARREL USED BARREL - NEW RARREL
; . j PITTED CHAMBER PITTED CHAMBER . PHHOSPHATE COAT
S.N. 19081 : S.N. 19092 S.N. 17288 S.N. 17235 S.N. 16967

FIRING HODE FIRING MODE FIRING ¥ODE FIRING MODE FIRING MODE R

i AUTOMATIC 3STHGLE AUTOMATIC | SINGLE  lAUTOMATIC } SINGLE AUTOI-?ATICﬁ SINGLE AUTOMATIC
s SHOT 1 SHOT fi HOT i 2 } SHOT
g D fForece (RD Force |RD |Force j RD Force |Rd Force § RD Force|RD [Toree ! =D Force |¥D | Fores
; o Lbs o Lbs [|iHo Lhs o Ibs |(lo Lbs Mo Ibs |[No Lbs Ho) ILbs |jlo I>s
oy ﬁﬁ.
o 1 237 1 190 1 215 1 145 Ak 380 1 380 1 uo0 3 360 J: 200 3¢ 185 e
PG D - 2 175 2 185 2 40 i 2 LoO -2 Loo 2 360 | 2 280 2 235 2 4 210 g§3

w

3 320 3 | 260 3 185 3 150 3 380 3 380 3 380 3 290 220 3 R o B

0 i LG Sl AR B ol T i 360 | u | 360 A Bl To ol LR et i 220 | % { 190 5

5 240 5 —— 5 PR ==aa 05 380 5 380 5 3540 57| me & 2290 5 -
AVE 1258 220 195 150 380 350 365 - 310 ! o 220 195
 2Santls e J ! R R

vsr2 for both new barrels L Average for both used bavrels
Sinlize Shot - 2203 Automatic 185 1bs Single Shot 372; Auterztic 320 lbs
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TARLE TIIi
E e

SUSMARY OF EXTRACTOR MOMEHTUNS - M16AL RIFLE

FIRING TESTS WITH EXTRACTION NO. 3

e
NEW BARRZL NEW BARREL PITTZD CHAMBER . PITTED CHAMBER
S.N. 18092 S.N. 13081 S.N. 17233 ; S.H. 172288

Rd. No. Yomentum Rd. No, Momentum | Rad. No. Momentum ! Rd. No. jomentum
gm -sec, gm  sec. gm  sec, : gn sec,

X L, 5y Fa 7.04 1 6.24

'I-.J
les]
w
=

2 4.88 95 5.68 2 7460 2 8.7u

4 7 h.8s W aiEon b L 6,07 G 8,51

; 2
{ 1
5 §.77 =5 5.33 (£ i 5 8.51
5 5.68 6 1,99 6 5 6B, 6 1 glea

7o ke 7 5.90 Tl 56k 7 77

g =Sksinise 8 5ot 8 s 8 8.17

11 5.68 11 B0 r Ay 7.4
! .
Max.  Tosucg : 7.04 A5 gies ' 8.7
AQG. 5.04 ! 5.61 7.05 6.28
|
Mia, .54 ; %.99 _; 5.68 | 7.72
i i : '
Avg. of bo%h new barrels = 5,31 gm. sec. !
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SUMMARY OF STATIC EXTRACTION FORCES ~ M1BAL
AFTER FIRING

(#3]

(44]

1909
Extraction’ Rd. No.
Force !
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EXPLODED VIEW OF MIGA| RLFLE

SHOWING MODIFIED CARRIER -BOLT,

RECEIVER-UPPER , AND EXTRACTOR
WIiTH STRAIN GCAGE
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Object

Considerable force is reguired Lo extract the cartridge case
from the chember of the M-16 Rifle. The object of this study is to
obtain the radial force, between the cartridge case and the chanmber,
when the case is being extrected. Extraction force is the coefficient
of friction times the rsdial force. :

Regults

This study shows that there is a substantial increase in the
radidl force when the vpressure in the cartridge case is increased.
A greph of the radial force versus the cartridge internal pressure
is shown on the following page. .

Resvlts couvld be significently changed if more tests were
aversged. Only 3 cartridges were fired with the ges tube and 3 with-
out the gas tube. On some measurements the round to round varistion
was greater than the difference between the messurements with and
without the ges tube. Not only the dimensional differences, but
those due to pressure varistions should also be considered,

Reéommendations

Jt is recommended that more rounds be fired, both with and with-
out the gas tube, to minimize the effect of emmunition variation in
further calculestions. A more thorough investigetion should be made,
taking into consideration all the existing variables.

-
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Procedure

Scme pressure remains in the cartridge case when the case is
being extracted. This pressure increases the force between the cart-
ridge case and chamber. '

The cartridge case diameters were measured before and after fir-
ing. The chamber diameter was also measvred at locations correspond-
ing to the locations of the case measurement. Measured data, from
Frankford Arsenal, is shown in table I.

The case was measured at ambient temperature, therefore the
dimensions were adjusted to camnpensate for the temperature of the case
being hotter at the time of extraction. This temperature difference
is estimated to be 50° centigrade.

The pressure required to reduce to zero the clearance between
the cartridge case and the chamber was calcuvlated. This pressure was
then subtracted form the internal pressuvre., The resuvlting pressure
was then integrated, over the surface area of the cartridge case, to
determine the radial pressure. :

Assumptions .

1. It should be noted that fhis study is based on measured
data from a total of 6 cartridges fired: 3 with the gas tube and
3 without the gas tube., The three tests of each type ®re averaged
and the forces calculated from this avereged data. Results could be
significantly changed if more tests were averaged.

2. The thin wall, open end, theory of tube expansion is used.
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Symbols:
F = radial force
p = pressure required to bring clearance to 0
p{ = internal pressure in cartridge case
X = distance along case from reference surface
L = 2 Y n " end of case
t = thickness of case
Do = outside diameter of cese
D = mean dismeter of the case

inner dismeter of the case

=)
Pt}
[H

R = mean radius of the case

A = clearance between case and chamber
(measured on the diameter)

L=x+ ,13"

E = modules of elesticity = 15.9 x l06



Analysis
Tenperature expansion:

The coefficient of thermal expansion of the brass
case is 20.16 x 10-0 inchres per inch per degree centigrade.

20.16-x 10~6 x 50 = .001008

Measurements, at plus 50°C, would be 1.001008 times the
‘measurements at embient temperature.

Pressure formula:

Radial displacement ‘equals R (Hoop stress) / E

A=R pD
2 B 2t
A=D pD
2 2Bk 2t
D =D pDi

2t E
p=2tEA

D (D()

= 2t E

(Do-t) (Do-2t)
Neglecting the £2 term:

p=2tED = 24 E A
Do==3t Do D, (Do~3t)

Redial Force

L = 1,438

= ,76
y(’(bl—p) 7 D, dL +~jﬁ( pknp)7rDo aL

L = 1.5624

where only positive values of (p[ - p) are used.
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TABLE 1} S
CHAMDER AND CARTRIDGE DIAMETERS
Chambder Cartridge WGT Cargridge WOBT Bifferenca
Location  Diamater Sefore  After  DIFF Before ATter DIff WGT « WOGT
B ) 3 LS 5 6 v ] S
250 . 3760 3702 « 3757 .CCo% L3700 3752 ,3008 . G005
3701 3757 L2003 «37G0 3751 L0055 0005
« 376D 3755 LG0CH « 3700 3752 008 L0003
500 <3710 . 3659 <3705 0008 <3668 3762 L0003 0002
L+ 3665 «3765 «G00% « 3569 W 3760 0010 UGS
. . 3658 3700 . 8005 . 3662 «370% L0805 o BR0Y
« 750 « 3665 »3618 <3650 « 2005 .3635 .365% .0 -, 0308
. 3625 ° 3-\,}55 - QS :':*:’ . 3636 ° 3656 s 0{323 ° g-i\{}ﬁ;
36318 #3650 « 0005 . 3520 « 3057 L0003 D003
1.00 3622 .356% 34618 CO0h 35783 .3618 0054 L0000
e 35?‘;‘} 830522 .‘3’3‘92 '3566 -352§ -, ",-.:53 -.G’;‘Qi}
.3570 35618 + Q008 .386%h - L3618 .000% .0G00
1.250 .3578 <3512 <3576 <0002 3532 «3577 G001 -, OG0%
3517 +3575 »E303 .3513 2587 -, HR0Y T, 0012
« 3515 J3EGQ «.0002 «3515 . L3531 =.G003 - 2001
! L 3?5 -39:}3 '29?0 02339 ”cGQB? u?.973 -2973 “-0039 eaaa?
«2867 2978 = 0027 729?2 <2975 -, 0032 -, G005
1.500 L2554 L2483 .2550 010 « 2455 2558 0005 =, 0508
8L 2570 -.0006 2486 - L2567  -.0003 . 0003
. 21‘583 agssg 009%2 -2%32 -2557 GGGG? "oﬁa‘tf.g
Xotes:  WGT = with gas tube
: WOGT = without gas tube
ol 5 = Column 2 - Column B
tol 3= ¢olumn 2 - Column 7

4

Lol 9= Lolunn 8 « Column 5



CHAMBER CARITIRIDGE WET. CARTRIDGE WQGT.
AVERAGE MEASURED

DiAnE TER AFTER

LOCATION DIAMETER ANERAGE M EASURED
. PIAMETER AETeR

Fir N 6 FIR'\NG.

250 -3760 e R o o i i “

.S00 w3710 -37047 .3 7020

: STpieEp .3665 .36 603 -3 6580 :”M

iS00 2277 .36 190 -3¢203 o
V250 .3572 D8 ETO -3581\7

l.500 2S5 4. -29573 RS AP M
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Location

. 250
.S oo
7SO
Looo
1, 250

l.S50o0

T HAMBER

LocAdTrop0

1,000
. 250

I 580

CARTRIDGE TEMPERATURE INCREASED 3o° C

CARTRID&GEE WITHoOULT

DA AV. AFTER
Pia
-37¢0 .é?éai
.3 710 37084
L3665 3 el 0
222000 36226
.3578 . 359206
.256Y I N
pa AV, AFTER
: pra.
-3760 .57755
37 to 7S 7
3665 D617
-3622 -36 239
~3Sw7s .35%53
2564 2 5633

DIFE

€]

-, 0000 |

.000 | &
00010
—. 00006
—.0002.4

000y

DIEF

)
Lo00YSs
000 %3
.H60033

—. 0002,
- .,00073

.00007

CTARTRIDGE WITH &AS TuBE

G

6271

LOlYY 7
-0104¢g
00856
.0075

0125

GAS TUBE

Wiy Xor 2 |

L0447

Lol 4g

00856
007 S

.0l25

LK

- 78.
Goe.
27 2.
-\34.
~-sle.

29214,

2502
1632

827

- A 24,

SV e

A26.
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DIAMETRICAL CLEARANCE BETWEEN
CARTRIDGE CASE © CHAMBC.P
AFTER FIRING

.
' II

. 1
-:0000‘/| J
00 |6

OO0

- 00006

—_— OO0 ZL

.00 A}

CARTRIDGE WITH GAS TUBE

i=bioasa =)

VSTt o o

a
]
v

1

B B i L e

— 000\ —

| — 00013 —

L2087

CARTRIDGE WITHOUT GAD TLBE
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- TEMPERATURE INCREASED So°c
CARTRIDGE WIiITH &AS TUBE

: T « 5¢4 .37 2T L2
= o 2,
G e [ B i
7: @O0 Fo Byt LGYEST, 3¢4.37
o .2‘ — 2‘-

= - Ezc_;f)cwo) + o) C3¢)
'(zo0 '7?'636).

zo0o 7 (.3c)

= 4 2
S
= 4-26

! ' 7T AF BN A F3YT
,3,_,.= G600 F <« F:{@o 7"[ T - .._..;: J 200 I‘??‘(,ge)_’ 74/

£ E

'?5‘5&0

Goat W29 (200} 7(35)
7‘7 = f000 725 Fyoar % 3
Pz 12 : :
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CARZTRIDGE EAS TURE
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?':-a F*—-";_(":")L!S’OO) 'W(.}Q)
?:-2,00 F=- F, + .Vz.(zoo) -;x(.ac,)
?‘7: Yoo F -_-.F-?oo s c-{;fé ('z.ou)w(.p?c)
:e00  F < Fy,, r 92(200) 7 ((36)
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FRANKFORD ARSENAL REPORT 7/30/68

Samples of WC 846 and IMR 82084 Propellants

Peak Pressures Inpsi - WC 846 IMR 8208

- Temp Port Chamber. == sy Poet Chémber.
_40°F 12,900 46,000 11,000 51,000
+70°F 13,000 54,700 B et 000 50, 100

+155°F 12,500 63,000 . 11,800 48,100

.fTimes to Peak PréSSUre énd Bullet Exit In Milliseconds

WC 846 | MR 8708M
Temp _ PP BE PP BE
~40°F .70 .23 .45 1.05
+70°F 77 1.30 G50 1,08
.96

- +]55°F L7 (.19 g 44

Bullet Velocity in Ft/Sec.

= WC 846 = INR_8208M
tr e s
+70°F 3200 3072
S} 559F ranm—s g _ - 3242
Coonte Lt
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- = o (i
e ‘ U S ARMY FRANKFORD ARSENAL
S e BASIC MATERIALS EVALUATION LABORATORY (Q6100) Q, SRIDOE
QUALTTY ASSURANCE DIRECTORATE DATE
rﬂm o &l -k
&,JE&:;QE‘ AT é?h Y REPORT
; 155814 . 19 Apri) 1968
(51) DATE

Fouling = Addondum #3

MATERIAL
8ix (6} Weopons o MG

REPRESINTING - LOT 10, _P.O
Mro Jo Datly, Q3000235-2

FROM .. 7O
. 86206-92
erg ncsmcm's@m & DATE
, - CHPMICAL AND SPRCTROGRAPHLC ANALYSIS
llax_;rmmﬁi 866637-T8-0 . B63480-TD.CH - £60461-TReO  BAGAI1-TI-CL
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SURIECT:  Goa Tubs Clogging, M5 Rifle

réﬁﬁﬂ&ﬁﬁlﬁﬁ Qfficar

Prankford Azgenal

APIE: Dr, XM, P, Manning, Deputy Director
Avmuniticn Develoment & Eng labs

Mlladelphis, Ponngylvania 103137

Yo Some recent wirk in the Intericr Ballisblics laboratery of the Belligtic
Reszcayen Lavoratories by Hr. Geene, might be of interest as an eid in
developing @ techaigue for identilying or sersening “elean" or dirty" lotg
of propelionks for the MAS rifls. The technigue developed wag prisarily
for collochlng end ldentifying the maierial that came through the gas tube
ond deposited in Che bold carrler of the MAS rifle. The apparatus developed
is B gall cyelons geparator which ig atinchsd 1o the end of a modified gos
tubz end gerves ap e codlector for the solid materlal flowing through the
g2 tubs, A photogreph of the H16 #ifle with the collector ig atitsched es
fgeloswa one,

2, Powe differant lots of 5.56zn aumunition were fived in the MI6 rifle
the collector nttached, The fox lotg were:

&, Lot 79 18224 =040 w/He 103
be Lot 1L 12134 W0-8U5 /i 2155
e, Lot ¥ 18205 DRE208 w1103
do | Lot 10 22110 - - DBR8208 ¥/ii-105

Paeh 10t o8 fired An (wo = 200 round serices. ke paterianl collecied in the
colloctor was wolzhed sfter each 200 round series, The collected waterisi
wae then zepsraded into organic apd inorganic poxrtlons by extrsction with
bengens, RetHanol, and a . d ra ¢f the organic mpbteriel
dndicated the presence of nitzocelluloze, $.0., portlally conmuned propeliant,
Currently oa Cmiss % s being run <a the incxganic material for
sdentitication and for the relstive omousts of the major ingredienis in the
collected incryganice madterizl.

By
a3
hey,

-
piditicn




FLHETRSTA : 10 June 1958
SURECT: Ges Tube Clogzing, M6 Rifle

Je The sount of material collected for each 200 round serieg for coch of
the ammunition lots indicates that the collector moy also gerve s 8

techulgue for gere
material collected for 200 roupds

L8 88

ng “clean" ead "eirty"” propelisnts,
follovse

The amount of

0.543 grans

Tot TW 18224 200 Rouvnda

& TW. 18224 200 Reunds 0.439 grons
ot IC 1211h 200 Rounds 0.67L groms
Lot LC 1210k 200 Rounds 0.697 groms
Iot 9% 15205 200 Ioundg 0.301. grong
ot T 15205 200 Rouuds 0.285 grens

Lot
Lo

P

¢ 120
€ 12110

200 Roundse
200 Rounds

0.407 grams
0.547 grens

b, The first two lotn (TW 13224 pnd 1€ 12134) are loaded with WC-&46
vropellant, the first lobt with ball 14-103 end the second lot with tracer
1~126. The agreemsnt in ¢he arsunt of material collecied in each 200 round
serdes iz qulte good., The difference in the emount collected between the
firsgt two lots may be dus to differences in propellant lots and not necessarily
due to the fact that cne lot was loaded with ball M-193 and the other with
tracer M-106, :

5. The gecond two lote (W 18205 and T.C 12110) eve londed with DR-8208
prepelilant, the first ot with ball H-103 ond the second lot with trocer
M-195. The egreement in the aucunt of materisl collected in each 200 round
series is vgnin qulite good, Fhsre is o difference in the smount of material
collected vhen corpoxing the two lots, the trecer lot giving the larger amount
of naterinl.

!

6, The smount of mabterinl collected for the exmunition lots loaded with
Y0846 propellent ig greater than for the smmonition lots londed with TMR-8205
! i

propellant, The ratio of amount of organic to inorgonic material is plso

different ag shown in the followings

Oxganic/Inorpanic
Tot TW 1822k 5 200 Rounds 2h/76
Lot TW 18224 200 Rounds 2%/ 7%
- Tot IC 1211% 200 Rounds | 1s/86
Iot 1C 1211k 200 Rounds X7/83
Lot TW 28205 200 Rounds 438/52
Lot TW 18205 200 Rounds : Ll /56




WTR-TA _ Sl 20 June 1968
SURJECT:  Ces Tube Clogging, M16 Rifle
Lot LC 12110 : 200 Rovnds 53/h3
Lot LC 12110 200 Roundg k2/58

.

The lots loaded with Wo-8h6 propellant yield a larger rotlo of inourgenic
material than do the lota leaded with TIMR-8208 propellant. An onelysis of
the lnorgapic material is now being performed., It appears that a large
portlon of the Anorganic materisl is carbon,

7. The ERL work doss chow o difference hatreen Yots of the same propellont
and also o difference hatwenn Wo-845 propellient and IMR-8208 propellant.

Tals technigue woy be of uvse ¢o you in the screening of "elean" and "dirty"
propellants. To explore furiler into the propellant problem we would like
to obtain the Fropellant Descerdption Sheets for the propallents used in theose
four amwnition lots, iooking inte posgible differences in composition, coat-
ing, and grain pigze. :

8. To Darther confizm the techniqua &g a method for screening "clean" and
"dirty" propeliants we wonld like to obtain 500 rounds esch of the "eclean"
Lot 524k end the "dirty” Lot 5330. The two lots will be tested in the same
mauber ag the fivgt four lots iueluding the infrared analysis for organic
material end the enission gpoetra for incrgeaie material., The Propellant
Description Sheets for the propellants used in these two lots are reguested,

FOR THE COMMAYDER:

1 Iecl ELAED A, VATERMEIER
&8 s Acting Chier
: Interior Ballistics Laboratory




2 normal chamber pressure-time curve for ball propellant loaded cartxi
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MEMORANDUM FOR RECORD
19 July 1968
ressure Dxisting in Zn;Ly Cartridge Casc

-

Extraction MLO Rifle
he object of this study was to obtain a preliminarxy indicztion t
ssure exists in the case at the time of extraction and t %

=
pproximate estimate of its value.

The procedure consisted of enlarging in amplitude the blowdowa

vortl
of the chamber pressure record by increasing the vertical pressure scale
from 10,000 »si per cm to 1,000 psi per cm and changing the horizontai time

scale from 0.15 ms/em to H.OO ms/cm. The first serics of tests using Kistl
type gages produced unclear pressure-time records. Two problems anveared.
First the pressure record did not return to the zero calibration liae and

second calibration procedure was not available for low pressure values.

As a result of the lack of understanding of the records produced by
the Ristler gage Fraunkford Arsenal repeated the tests with its own HEP
gage (a piezo electric crystal gage). Normally this gage is calibrated in

the 15,000 psi increments are obtained by a 300 pound weight acting in a
1/30 scuare inch piston. For low pressure calibration for this test a
preliminary rough approximation was obtained by dropping the calibration
weight in increments to 10 lbs (300 psi). Lower calibration recuircs a
hydraulic device, but time did not permit setting up and using this device.
However, down to the 300 psi increment no noticeable changze in liunearity
was noted. The MSP gage haes a mechanical frequency of about 1 magacycle
and hence can be considered to be capable of good response as high as

1/10 megacycles. revious explosive shock tests show that this gage

"revealed rises of 60,000 psi in under 10 microseconds. The particular

gage used was an 1mproved model having superior linearity at low pressure
levels. & zage similar to the one used is shown in Figure 1.

Fiogure 2 shows one of the records obtained. Two curves are sbo"n:

and an expansion of the blowdown portion .of the same curve. Cali
dace is on the back of the record. This second curve was initiated by
rojectile nmuzzle exit which occurs at the extreme left vertical
2. The zexo pressure line for this pressure record is the seCOnd line
m tha bottom of the picture. The scale for this blowdowm reco is
00 psi/cm and 1 ms/cm (Note: The grid is in cms). The scale for the
hamber pressure curve is 10,000 ps l/um and .150 ms/cm. Muzzle exit is
ndicated on the chamber pressure record by a change in intensity occurring
a little over 1.20 ms from curve initiation.

e 0 b= rh = O

“n
et

RLLE

15,000 psi increments from 15,000 psi to 100,000 psi for small arms use waere
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« Phe blowlowia curve did not level out on Lts zerc nressure line
Lot Tell beiow 1o, The chanber pressurce curve ¢id not bhesin on its
i

owa aro progssure line but below it. (This is considered to be

improper zeroing of the amplifier). It is noted that the valucs below

are gbout the same (allowing for the 10 to 1 scale difference). Therefore,
it apocavs this is a reliable record except for accurate calibration of the
gage at low pressure (below 300 psi).

If a zexro calibration line is assumed at the point in which the
lowdown cuxve levels out it is possible to estimate thet for this
a cular firing that pressure did exist in the case at a point in time
iis nds from projectile muzzle exit (point at which extraction
that its value is approximately 350 psi.
Much more experimentation and refincment of instrumentation is
ed to verify this first preliminaxy finding for the population

%E% rifles/ammunition. : :
W/ ' .
/ /ﬁé/‘%@/




A B c D

Neg.#20168-19

Rt NG i

A - Plug, mtelining D - Wafer, insuletion No, 4 G - Clip, spring J - Wafer, inaulation Wo, P
B - "0® ring E - Inzers © H - Quarsz, crystal -, K- Pin, contact

C - Anvil F - Plate I - vafer, msulat:.on Nos 3 L - \:‘Iafer, ingulation No, 1
. ; M -~ Body, screw

Figure 1 - GCoge, metal screw piezo
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SUBJECT: Program Outline of Test and Design Modifications on the
M16 Rifle to Reduce Its Malfunction Rate, Dated 8 Aug 68,
by Mr. L. R. Ambrosini (Draft Report)

1. Confirming phone conversations of 3 Oct 68, your comments on subject.
document are required by the Project Manager not later than 10 Oct 68.
Copies were distributed to representatives at a meeting of the AMC M16
Steering Group on 15 Aug 68.

2. Your comments should include, specifically, answers to the following
questions:

a. Which tasks defined in subject program outline are already
adequately covered in your judgment by your programs on the M16/M16Al -
subject under cognizance of the AMC M16 Steering Group?

b. Which tasks defined in subject outline are currently in progress
at your agency under authority separate from that of the Project Manager
and not included in the program coordination records of the AMC M16
Steering Group, and what is your time-phased program for accomplishment
of these tasks?

c. Which tasks defined in subject outline and not included in your
current programs do you recommend for accomplishment by your agency,
and what is your time-phased plan in estimated cost for these proposed
tasks?

d. Which task defined in subject outline and not included in your
current program do you recommend for accomplishment by agencies other
than your own? :

e. Which. task defined in subject outline do you not recommend for
accomplishment, and what are your reasons for not recommending accomplish-
ment of these tasks?

3. You are invited to submit any general comments you consider useful
and appropriate in addition to foregoing specific requirements.

4. Considering short time available, your response by teletype is
requested to assure availability of information to Project Manager not

~later than 10 Oct 68.
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