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PRESSURE STUDIES OF ARTILLERY PRIMENS FIRED STATICALLY

AESTRACT

Characteristics of artillery primers are discussed with particular
attention to pressure-time phenomena measured from static firing tests.
Other aspects considered are the general nature of the burning of black
powder, the nature of packing of gramlar beds, the mass discharge of
product gases from primer tubes, and the times of various events occurrirg
during primer functioning. Wualitative explanations are given for the

various phenomena, and experimental results to verify these explanations
are presented wherever possible,

It is hoped that this study will further the understanding of the
functioning of present primers and provide a sound general basis for
the design of future primers.




NOMENCLATURE

Throughout this report; gauge positions on primers and the times of
various events will be represented by certain symbols. The gauge positions
will be mumbered in order, starting mumerically at the breech ends of the
primers, The actual locations of gauge positions for specific primers may
be found from sketches presented in Fig. 2 through 5.

Time intervals measured from pressure-time records in milliseconds (ms)
will be represented by the following symbols:

Ty - Time from firing pin impact to start of pressure rise,
Tp - Time from firing pin impact to maximum pressure.

Ty - Total time under pressure-time record (venting time).
TB'- Total time under pressure-time record above 200 p.s;i.

Time intervals measured from high-speed motion piecture records will be
represented as follows:

Ta -~ Time from firing pin impact to start of venting.

T, - Time from initial venting until all vents discharge.

b
Tc - Total wventing time.
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INTRODUCTION

The desirable characteristics of artillery primers have been discussed
by a rmumber of workers concerned with practical ignition problems. These
characteristics have, in general, been discussed in qualitative terms,
largely because sufficient quantitative data do not yet exist. Although
firm quantitative foundations cannot be cited for many of these character-
istics, they can be summarized in four general properties. One of these
properties is that the primer should be capable of transferring sufficient
energy to a propellant region to assure that the propellant begins to
burn regularly and continues to burn after the effects of the igniter are
no longer great. Details of the most desirable mechanism of energy
transfer to a propellant cannot yet be fully specified. Another property
which applies to many other components of weapon systems as well as to
igniters is that of regularity or reproducibility. This characteristic
means merely that an igniter of a given type will conform as closely as
possible to some set pattern from firing to firing, A third characteristic
reflects the desire of the theoretical interior ballistician to cause all
of the propellant grains in a gun charge to ignite as nearly simultaneously
as possible. DBecause simultaneous discharge of energy cannot be realized
in most instances, the fourth characteristic of symmetrical discharge of
energy with respect to position in propellant regions is frequently
accepted as a substitute for simultaneity which cannot be realized in
practice.

A thoraughgoing study of primers, with a view to understanding the above
four characteristics, would be extremely costly and difficult. In lieu of
conducting the necessary experiments in complete weapons systems, one can
learn a consideratle amount of information by meansz of static firings of
primers conducted in open air. This techni-ue has been described in some
detail in an earlier report (1), and was emnloyed for the stucdies
described herein.

The simplest possible apparatus which car be employed in a static
evaluation of primers consists of' a mount for holding the primer, a means
of inititating the primer and methods of measuring ~uantitative data
wiich describe the ~henomena occurring, In the case of the set-up used
at the Eallistic hesearch Laboratories the mount is 2 simple structure
(Fig. 1) which holds & primer at the percussion element. All of the
primers which have teen evaluated by the Ballistic Research Latoratories
are percussion primers which are initiated bty the impact of a falling
pendulum on a simple firing pin., This pin is insulated electrically co
that information can be obtained about the instant of firing pin impact
on the primer head. Pressure-time relationships of phenomena occurrins
inside the primer are measured by means of resistance pressure gaunges used
in conjunction with cathede ray tute recording instruments, Additlonal
information about times at which certain events occur can be obtained by
means of high-speed motion picture photography; the method is cne of the
simplest possible, namely, that of photographing the primer under self-
illumination in a darkened room. This repori describes a mmber of
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experiments which have been conducted on static tests of primers using
vressure-time information and photographic measurements to obtain the
basic data.

Some of the tests which are described here have brought out specific
points that require additional investipation. One of these points is of
prime importance to this discussion, namely, that artillery primers which
are £illed with granular black powder leave ruch to be desired as test
devices for ignition studies. There is, for example, considerable
variation in pressure-time relationships for primers which are nominally
of the same type. Much of this lack of reproducibility can be traced
to the characteristics of black powder. Elack nowder which is employed
in primer systems is a gramular material of random shape and of fairly
wide variation in particle size. The surface condition of the black
powder may vary widely, as may the density of individual grains. There
have been some strong indications that black »ouder may tarn in such a
manner that the pressure indoix of Lurning varies considerably with pressure.
At a pressure of approximately 20C0 to 3000 psi , for example, the
pressure index in a nower burning equation may change from avproximately
0.5 to almost unity. This variability in the pressure index may account
in part for the difficulty one encounters in attempting to control the
burning of btlack powder in a primer body which discharpes its combustion
gases, Iven if black powder does turn with a low pressure index, there
still is another factor which may explain the irreproducitility in
pressure-time relationships. This fact is that all of the black powder
in a primer body does not ignite simltaneously, and hence additional
surface for burning is broucht into play as the combustion pases at one
end of the primer flow to the end of the primer in which the black
powder has not yet bepun to burn. The result is equivalent to a high and
variable pressure index. This same lack of reproducibility introduces
confusion into a study such as that being reported here. Despite these
difficulties, much has been learned atout the burning of granular black
powder, and data related to these phenomena are presented with qualitative
explanations. It is hoped that portions of these data will assist
materially in the design of new types of artillery primers. Additional
work on materials other than black powder will be reported separately.
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PRESSURE PHENOMENA IN PRIMER TUBES

Gas Flow in Packed Beds.

In order to understand pressure-time phenomena in conventional
primers, one must inquire about-the packing of gramular beds, the flow of
gases throngh these beds and the effects of certain variables on this flow
under the conditions existing in primer tubes. In an attempt to study
some of these problems, an experimental primer was designed so that many
important features of the bed could be varied at will in a downstream
section having pressure gauges at each end (gauge positions 2 and 3 in
Fig. 2a). This primer has a black powder charge next to the initiator,
followed b{ a section of inert material and then by the section to be
studied., for initial experiments, the section to te scrutinized was
loaded with inert material only, in order to eliminate the effect of
gases which would have evolved in this section by the burning of a combus-
tible material. The inert material was crushed rock, screened to the
gramdation of grade A-1l, grade A-3a or FFFG black powder. (See Table I
for particle sizes of these black powder gramulations). Observations were
made on the extent of forced packing of the bed which was caused by
upstream gases, rate of pressure rise and pressure drop im this section
for various powder types, The effect of vent holes in this section could
also be determined. In later experiments an auxiliary charge of black
powder was added to this reference section in order to study the
commencement of burning and the effect of this burning on all of the
measured quantities. Too few firings have been made during this test
to permit sound quantitative conclusions as to pressure drops to be
expected and times for gas flow through given lengths of powder beds;
however, the expected trends were observed, and are described below,

After firing, both the A=1 and A=~3a inert powder beds were left
packed very tightly near the reference sections of the primers, the
inert particles being crushed and packed together to form dense
conglomerates which preatly restricted gas low. Indeed, the material
in these sections had to be picked loose for removal. The extreme
nacking was localized, however, and in many cases when the muzzle end
of the primer was sawed off after firing, the inert material could be
noured out easily. The powder beds were compressed about 25 to 50
percent of their original lengths during the firing periocd. %“hen vprimers
containing inert material of FFFG size were fired, much of the material
was blown through the primer body vents, whose diameters were about six
times the diameter of the inert particles.

It was found that the addition of vent holes to the test section
has a great effect upon the results obtained when A~l inert material
was used, When FFFG inert material was used, however, severely restricted
gas flow was the controlling factor, so that increases in downstream
vent area had little effect upon upstream conditions,

When an auxiliary charge of grade A-1 black powder was used to fill the
reference section, the results were mch different. The auxilliary charge

7 .
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appeared to ignite aimost immediately after the upstream gases reached
that section, The rates of pressure rise were mch greater in the
reference section than when no auxiliary charge was used. When grade
A=3a or FFFG tlack powder was used as the auxiliary charge, it did

not ignite in amy primer tested. In these cases the restriction to

flow through the fine inert material was great enough to prevent ignition.
(Note that a pair of vents allows gas to escape from the main charge
section). In every case the auxiliary charge of black powder was come
pressed to about 50 percent of its original length. The charge was left
packed very tightly and had to be picked loise for removal. Doth the
inert material and the black powder were crushed so that some of each
was pulverized to very fine powder, but with some large unbroken pieces
remaining. Thus it appears that hot gases are the cause of ignition and
that impact and frictional sffects; such as would be imposed during the
packing period, are of minor importance.

(losed-End Primers Uniformly Side-Vented Along Lntire Lengths

Primers of this type (powder charge cccupying the entire primer
length) usually ignite at the breech end so that the pressure rises
there first and a flame front moves downstream from that region. The
rate of pressure rise is generally lowest at the breech end and increases
at downstream positions along the primer tube. The maximum pressures
attained at each point also increases along the primer.

Packing of the powder ved caused by upstream pressures is probably
the reason for the trends ncted above, When ignition first occursy the
gases can flow out through nearby vents and also along the primer tube
through the loosely packed powder bed., As the flame front moves
downstream the degree of packing inareases so that the gases cannot flow
readily throught the powder bed. As packing occurs, the individual
black powder particles are probably crushed so that the total burning
surface is increased, thereby causing higher mass burning rates and
consequently higher pressures at downstream positions.

Another observation is that the speed of the fiame front decreases
as it moves downstream; this observation alsc could be explained as a
result of increased packirg of the powder bed. Although the flame front
speed decreases; the mass bwrning rate is greater, owing to an increase
in loading density. caused by packing at the forward end.

An example of a primer filled with black powder and having vents
uniformly spaced dlong its lenglh is the standard M20 (Fig. 3a). This
primer generally burns at low pressures because of its hipgh ratio of
vent area to charge weight. In the case of one lot of these primers which
was studied; average maximum pressures measured at four noints along the
primer varied from about 1080 nsi at the breech end to about 1300 psi at
the muzzle end. As was observed from pressure-=iime records, the average
time for the flame front to travel a distance of 7 1/2 inches from the
first gaupge position (nsar the breech erd) to the most forward gange po=
sition was L.5 ms . The time interval between start of pressure rise and

. 8




maximum pressure at a given pange position (a function of the rate of
pressure rise) ranged from 3,9 ms near the breech end to l.8 ms at
the muzzle end of the primer. Total times of venting varied from 9.8
ms at the breech end to l;.2 ric at the muzzle end. lhe rate at which
the flame front moved downstream varied from about 180 feet per second
between the first two gauge positions (nearest to the breech end) to
about 100 feet per second between the last two gauge positions, for an
average of about 140 feet per second over the whole nrimer length.

It is believed that the gases flow down a primer between the primer wall
and the powder bed more readily than through the nacked ted itself, so
that there is actually no clear-cut flame front traveling through the
powder bed,

A1l of the above figures are average values for six rounds. Results
for the individual rounds may bLe found in Table II; a reproduction of a
typical pressure-time records may be found in Fig. 6.

“hen the tlack powder charge was reduced in an M28 primer, variations
from round to round for all of the measured quantities were greatly
increased. For charges of 200 grains the maximum pressure varied from 2%0
psi for one position to 1520 psi for another position on the same primer.
The time interval from firing pin impact to start of pressure rise (Tl)
also varied greatly. The value of T1 for the gange position nearest to the
breech end was 0.9 ms for one firing and 32.5 ms. for another, These
increased round-to-rourd variations resulting from reductions in powder
charges probably reflect the random manner in which the powder bed may
be oriented when the igniter gases strike it and the ways it may pack
during the combustion process. In instances where the maximum pressures
are very high, the total venting time is short; while for low pressures
the opposite is true., This indicates that in some cases much of the black
powder is ignited at once so that the rate of evolution of gas is great.
An illustration of this point may be found in modified M28 primers
containing 100 grains of grade A~1 black powder, which showed maximum
pressures of about 250 psi and venting periods in the order of 30 ms.
Another modified ¥28 primer with a 150-grain charge exhibited a maximum
pressure of about 2600 psi and a venting period of less than 10 ms.
Typical pressure-time data for M28 primers with reduced charges may te
fourd in Table III,

Multiple Venting

Certain primers have been observed to discharge gases during several
periods of the firing process. This phenomenon will be referred to herein
as mltiple venting, When multiple venting occurs, the flame front appears
to travel down the primer tube in the usual manner with the resulting
discharge of gaseous and solid products. After the flame front has traveled
the length of the primer, pressures along the primer drop so low that
they cannot be measured, and no indication of gas discharge can be observed
on camera records. After a dormant period, the venting process takes
place again. As marny as three ventings have been observed for some primers.

9
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Since multiple venting has veen observed only with [FFC tlack nowder,
one concludes that it is associated with the particle size of the powder,
Tor this fine powder the grains may be so small relative ito the vent hole
size that they are easily carried away in the gas stream. After gas
evolution reaches a certain stage, the rate at which burning particles
are carried out the vents may be greater than the rate at which the flame
front moves through the remainder of the powder bed. If this effect is
suf ficiently strong, the number of turning particles will decrease so
that the pressure drops and the burning rate decreases. This process
could then contimuie until gas evolution is so low that burning stops,
to be resumed by some hot particles remaining in the primer tubs. An
illustration of pressure-time records illustrating this phenomenon can
be found in Fig. 7. Experiments with inert beds in primer tubes indicate
that much FFFG btlack powder is blown ocut the vents during a firing.
Larger particles show much less ejection and also virtually no tendency
toward multiple burning.

When multiple venting occurs, maximum pressures are reduced greatly
because only a portion of the powder charge is consumed during eachperdiod
of venting, The percentage of the powder burned during the first venting
varies greatly from round to round, and thus values of the maximum
pressures vary excessively. The effect of multiple venting on maximum
pressures is illustrated by modified M28 primers (200 grains of ¥FFG
black powder). In one instance where multipie venting did not occur, a
maximum pressure of ThOO psi was observed, For a primer where multiple
venting occurred the maximum pressure was only 2000 psi. (The peak
pressure of 7h00 psi indicates how much higher pressures may become
when FFFG is used in lieu of grade A=l black powder. The maximum
pressure observed in an M28 primer with 200 grains of A~l was slightly
greater than 1500 psi).

When muiltiple venting occurs, no significant change is observed in
times for the various events of the first venting period. The only
difference of note is that the ignition delay, T,, is slightly increased.
The time between successive venting periods, if %hey occur in M28 primers
with FFFG black powder, is in the order of 10 to 20 ms. Pressure-time
data for M28 primers with FFFG black powder may be found in Table IV.

It should be mentioned here that faor M28 primer tubes, which have
very close spacing of vents; approximately 187 of the total vent area
is restricted by the four pressure gauges and thelr housings during
static firing tests; recorded pressures are probably in error by being
slightly high because of this wvent restricticn. In the case of other
primers to be desaribed subsequently, separate gauge holes are drilled
into the primer bodies. All of the vents are free %o discharge, therefore,
and the early portions of pressure-time relationships determined for
these primers should duplicate the initial behavior of the primer in a
wespon system.

-
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Primers with Powder Charges Retained in Unvented Sections by Movable
Diaphragms

This type of primer has some diétinct overational advantages over
primers with the powder charge occupying the whole length, and is
commonly used in artillery weapons.

Maxinum pressures in the unvented sections of primers with paper
diaphragms were found to depend on the length of the powder column to
a power greater than unity, for the examples considered. Average
values for maximum pressures at the btreech ends of primers having
the same internal diameter and using grade A-1 black powder were 1660
psi for charges of 100 grains, 6650 psi for 225 grains and 16,650 psi
for 270 grains. These pressures were recorded for M58 primers with
reduced charges, FVE primers (BRL designation for nrimers used to
study the effect of free volume) and M40 primers, shown in Figs. La
ard b and Fig. 2b respectively., FPressure-time data for these primers
may be found in Tables V, VI and VII. BEreech end pressures in the
standard M58 primer (LCO pgrains) are only atout 12,620 psi; however,
the vented section extends bacl inio the nowder reglon in this primer
and hence prevents the build-up of higher pressures in this region.
See Fig. lia for the schematic diagram and Table VIII for pressure-time
data.

The time interval from the instant of firing pin impact to start
of pressure rise (Tl) at the breech end of diaphragm primers varies

little with the powder charge. The interval between firing pin impact
and maximum pressure (T?) also varies little with powder charge, but

the actual rates of pressure rise are greater, for greater charges,
since higher pressures are attained., If the charge section (portion
between the initiator and diaphragm) is lengthened, but with the
powder charge remaining constant so that the loading density is
reduced, maxirmum pressures are reduced and ignition delay (Tl) is

increased correspondingly until misfires are encountered.

It has long been known that the addition of vent holes to the
unvented portion of this type of primer will greatly reduce maximum
pressures all along the primer. A series of rounds was fired to
determine the magnitude of this reduction in pressure. For a standard
M58 primer, pressures range from approximately 12,000 psl at the breech
end to about 3000 psi at the mizzle end. The addition of six 0,1LO inch
vents near the initiator (0,092 in2) reduced breech pressures to about
6000 psi (50 percent reduction) and reduced muzzle end pressures to less

than 200 psi. When six 0,059 inch vents (0.16 inz) were added, pressures
near the breech end were affected very slightly, while mugzzle pressures
were reduced to about 2000 psi (30 percent reduction). See Table IX

for results.
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Every experimental primer with an unvented section and a paper
retaining diaphrasm has exhibited extremely high rates of pressure
rise and ,oscillatory pressure-time curves for positions near the
diaphragm, The rate of pressure rise is essentially vertical in
rost cases [or the drum camera speeds used (1/L to 3/8 inch per ms).
This effect has Leen observed at positions several inches to the
rear of the diaphragm. A posgsible explanation for this phenomena
is the accunmulation and sulsequent rapid decomposition of incompletely:
reacted gaseous combustion products following rupture of the diaphragm.
If the reactions of these gases proceed rapidly only at high temperatures
and pressures, the ranid motion of the diaphragm and the sudden cooling
owing to expansion of the gases would exert a strong retarding influence,
The effect might be similar to that found in the effect of projectile
motion in a gun on retarding the decomposition of the nitric oxide,
evolved by tmrning propellant, which subsequently reacts with violence
after having accumulated to an appreciatle extent. Experiments in
primers sugpest that the came thing occurs when a paper diaphragm
moves suddenly. When a group of cooper pellets was added near the
diaphragm, the nressure-time curves became much smoother. Also, when
a flash tube was added to the initiator to effect ignition near the
diaphragm, the rate of pressure rise was greatly reduced. Reproductions
of pressure-time records for thicse three types of primers are shown
in Fig. 8.

It can be asserted for open-end primers that the values of maximum
pressures decrease steadily with position along the vented section.
Some standard primers exhibit very low pressures near the open end.
When a metal plug was added to the forwerd end of thls type of primer,
very high pressures were observed in the vlcinity of the plug. The
magnitude of pressures measured at these closed ends 1s a function of
the primer length, the powder charge remaining constant,

For a given type of primer one can choose a length far which these
pressures will be a maximum, It is possible in the case of short primers
that powder particles do not have time to attain any appreciable velocity
before striking the closure. For very long primers, most of the gas
and solid particles are discharged through side vents before unburnt
particles reach tho muzzle end., For intermediate lengths, harever, the
powder-pas mixture probally attains.appreciable momentum by the time the
metal plug is reached. Upon striking the closure the gas mixture will
be compressed 8o that its temperature and pressure rise ., It 1s alao
quite possible that unburnt particles are crushed during tho proces:
so that the bturning surface and, therefore, the rate of gas evolution is
greatly increased. (as velocities determined from high-speed motion
pictures vary from about 250 to about 2000 feet per second when the
vented length is varied from 3 to 9 inches in an FVE primer containing
charpes of 225 pgrains of A~l black powder. (See data for gauge position
L in Table X for pressures at cloeed ends of primers,)

A closede-end primer whose vent diameters vary along its length
is the TBBEl. A diagram of this primer may be found in Fig, 5 and
preassure=time data in Table XI.

12



Experiments confirm the predictiom. that the pressures on the plug
at the muzzle end of a closed-end primer are actually greater than
pressures recorded with the gamge mounted perpendicular to the direction
of gas flow (as they were for pressure measurements along the rest of
the primer). To check this point, several rounds with reduced charges
were fired with gauges screwed into the open ends to replace the metal
plugs used with closed-end primers. In this case the axis of the gauge
. was parallel to the direction of gas flow down the primer. Another
gauge was placed in the usual manner as close to the muzzle end as
possible, so that pressures in the two directions could be compared.
Although results indicated no direct correlation with gas velocities
measured, the pressures in the direction of gas flow were always
greater than the pressures measured perpendicular to the flow and in
some instances they were almost twice the magnitude of the latter,
Results of five rounds are shown in Table XII. Data for primers with
full charges are not available.

Gas velocities measured in the unvented sections appear to be less
than 500 feet per second for all diaphragm primers tested, and the
velocity increases steadily as the paper diaphragm is approached,
Values for the velocity of gas flow down primer tubes may be found in
Table XIII. Results calculated from pressure-time records varied
greatly from round to round, while results from high-speed motion
pictures were mach more uniform, and probably are more reliable.

Double=Tube Primers

The so-called double-tube primers have been used with some success
in attempting to approach symmetrical or simultanecus gas discharge.
This type of primer (Fig. 3b) is equipped with a tube extending from the
initiator down the axis of the primer tube for the purpose of carrying
the initiator gases and discharging them at any desired position or
positions along the primer. The inner tubes are usually of metal, but
other materials have been used.

Previous work on double~tube primers has been reported in earlier
papers (1,2,3). Additional study has been made of a model using a
primer body vented its entire length with the inner tube open at the
forward end and terminated at approximately mid-primer. (The tube is
anchored at one end by a press fitting in the flash port of the
initiator). These primers have been tested with black powder charges
of from 100 to 300 grains of both FFFG and A-1l gramlations. The
pressures and venting times for primers using FFFG black powder are .
rather erratic becanse of miltiple venting, a phenaomenon which appears
to be assoclated with the small size of the particles rather than with
the inner tubes. . .

The double-tube primer functions best at high densities of loading
of the black powder where the tube best serves its intended purpose of
providing a free channel for the initiator gases to flow the length of
the primer. For reduced charges where free flow of the initiator gases

13
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is possible in the ullage space, an inner tube of small internal
diameter serves no worthwhile purpose, and may actually te more a
hindrance than a help. Ixperimental results bear out this point.
The use of an inner tube in a fully loaded primer (300 grains of
FFFG) that is vented its entire length reduces the period from
initial venting until all vents are active from 4.3 ms to 2.7 ms.
However, when the charge is reduced to 100 grains of FFFG in the
same primer, periods varying from 1.5 to 2,0 ms are required to
vent the entire length. In contrast to this, a conventional type of
primer with a charge of 100 prains requires but 0.7 ms to vent its
length,

In a double=-tube nrimer, with 300 grains of FiI'G, venting of
the gases (as indicated by initial rise of pressure) started first
near gaege nosition 3 (Fig. 3b) and progressed in both directions
from this point. The flame front reached gauge position 1 at the
breech end in approximately 1.4 ms, but encountered more difficulty
in moving from position 3 to position L ; requiring 2.7 ms to reach
this point. (The distance from gauge position 3 to positions 1
and l were 5.25 inches and 2.25 inches respectively.) The reason
for the greater ease of gas flow toward the breech end of the primer
can probably be accounted for by the manner in which particles pack
next to a smooth surface. It has been mentioned earlier (1) that
a flame front travels more rapidly between the powder bed and the
primer body than through the tightly packed pcwder bed. The extension
of the tube, therefore, probably aided gas filow by providing an
additional path of this sort leading toward the breech end; whereas
no such central path existed toward the muzzle end.

The maximum pressures observed in double-tube primers containing
FFFG black powder are very erratic, varying greatly from round to round
and even from puzzle to breech in a given primer, The variation in
pressure along a given primer is probably a direct effect of the
packing of the fine FFFG particles. (Conclusions about the effect of
an inner tube on the maximum pressures are hard to draw on the basis
of the meapger results obtained, but the double-tube primers exhibit .
the lower pressures). See Table XIV for data on double tube primers
with FFFG black powder.

Double-tube primers loaded with A-1 black powder show a reduced
gas flow problem at the expense of ease of ignition (Table XVI.).
Primers of the fully vented type with a double tube and full charge of
A=1 black powder operate very well at room temperature, requiring a
period of less than 0.5 ms to vent the entire length of the primer,
The total time of venting is modermte and the maximum pressures
recorded are twice as high as those observed in the standard M28. The
higher pressures are probably due to a higher loading density when the
inner tube is used., In additicn, more powder ignites and burns per unit
time than in the case of the standard primer., '
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When the black powder charge is reduced to 200 grains of A-1l
granulation, ignition difficulties are encountered even at room
temperature. Experimental primers showed time delays between
initiator impact and start of venting of more than 25 ms and maxi-
mum pressures less than 1000 psi for all gauge positions. This
condition is not unexpected, however, since it also occurs in the
standard M28 primer for reduced charges. When the charge in the
double=tube primer was reduced further to 100 grains of A-1 black
powder, all rounds misfired. Apparently, with low loading densities,
the initiator gases expand with a corresponding drop in temperaturs
so that ignition does not occur. In addition, the large free vol-
ume allows the black powder particles to be blown away from the
region of highest energy of initiator gases.

Originally, the double-tube primer was designed to provide an .
efficient means of transporting the initiator gases from the breech
end of the primer to a predetermined position downstream. With
ignition taking place at mid-primer, one would expect that, since
the travel of the flame front would be reduced by a factor of 2, the
time to wvent the total length of the primer should also be reduced
by this factor. The original design was workable usling A-1 black
powder and a fairly high density of loading. UYowever, since the
design failed in low temoerature firings because of misfires, FFFG
black powder was employed as a means of presenting more surface area
to the initliator gases. While this was a workable change, it
increased the restriction to gas flow in the powder bed. To over-

. come the faults apparent in the use of either granulation of powder,
it was decided that an improved double-tube primer would need a

- powder of fairly large particle size and a booster in conjunction with
the initiator. Another solution would be an inner tube vented its
entire length to eliminate the flow problem associated with packed
beds. Accordingly, a double tube primer embodying these principles
has been tested. This primer has a 5/16-inch inner tube vented the
entire length of the primer. A 5-grain booster charge of FFFG black
powder is held in the inner tube near the initiator with a paper

wad. The main charge consists of 100 grains of FFFG black powder
(Fig. 3¢). This primer is very fast in venting its entire length and
shows no indication of multiple burning. The pressures are high and
the pressure-time curves are rather rough, probably owing to the
vigorous ignition system. (Table XV). A larger granulation of black
powder in the primer would probably reduce the pressure level to a
more acceptable wvalue.
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PRIMER INITIATORS

Initiators in standard artillery primers are usually of three types:
percussion, electric or percussion-electric. The first is actuated by
the impact of a firing pin, the second by means of an electrical device
such as the discharge of a condenser and the third by either of these two
methods, In the typical case the gases from the detonation of the
initiator flow through a small orifice and expand into that region of
the primer occupied by the primer charge. This report is concerned with
the percussion type exclusively, although, in their effect on the burning
of the black powder, the three types are similar.

The time interval between firing pin impact and emission of gases
from a standard l-grain initiator is about 250 microseconds. The
initiator gases then vent for about 500 microseconds, In an experimental
primer equipped with a window for observation, it was observed photo-
graphically that the venting period of the initiator was followed by a
dormant period before the black powder began to burn (1). During this
dormant period the temperature of the gases is apparently so low that they
carmot be seen on high~speed motion picture records. Pressure-time
measurements taken from primers confirm this cbservation, There is a
short period after firing pin impact before the pressure rises due to
initiator gases, The pressure from the initiator gases exists for about
a millisecond in primers with grade A-1 black powder and then drops almost
to zero before rising again as a consequence of the urning of the black -
powdegr charge.

The magnitude of the pressure rise caused by the initiator gases
depends, of course, upon the free volume available in the primer body. In
an M 20 primer about 1 inch of the tube is free of black powder if the
charge is positioned toward one end. The pressures at position 1 caused
by standard l-grain initiators in M28 primers vary from aktout 150 psi
to 500 psi. When 2-grain initiators were used with an 126 primer the
pressures observed vwere between 800 psi and 1200 psi, which pressures are
evident on pressure-time records for gauge position 1 only. Figure 6
shows the initial pressure rise at position 1 for a standard M28 primer,

The effect of initiator gases upon powder beds has been studied
qualitatively by using loosely packed inert material in M28 primer tubes.
For the few primers fired there was no significant difference in the
packing of the inert material (crushed rock screened to the size of
grade A-1 black powder) by l-grain and 2-grain initiators. In both
instances the inert bed was moved forward about 1/l inch, and the bed was
scorched and packed so that for removal it had to te picked loose in a
section about 1 1/2 inches long. The effect of increased initiator charge
on ignition delay (Tl) and rates of pressure rise seems to be negligible

with conventional primer charges.

When a flash tube or inner tube is added to a standard l-grain
initiator, the ignition delay (Tl) is inereased directly proportional to
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the length of the inner tube and inversly proportional to the temperature
of the tube, In a test of o M58 primers with inner tubes and 375 grains
of grade A-1 black powder at =-70"F, one misfire occurred. The other
primer exhibited a very long delay between firing pin impact and an audible
report from the primer, Chances of misfires occurring at low temperatures
can be lessened by using 2-grain initiatars in double-tube primers,

GAS DISCHARGE FROM PRIMERS

General

The desirability of sufficiency of a primer, or discharge of the
proper amount of igniter gasec to a propellant bed, has becen mentioned
earlier. Thus, although no conclusive gquantitative data are available
about the energy necessary for proper ignition of particular weapon
systems, it is desirable to have scme method of measuring or judging
the amount of igniter gases discharged from primers so that correlation
with gun firing tests can be made. In the ideal case, the transfer of
energy to a propellant bed should be as uniform as possible to every
region of the bede Therefore, variations in rates of gas discharge along
primers ought to be considered in static tesus so that over-all effects
can be compared in gun firing tests,

An expression for the mass rale of gas discharge from an orifice or

vent is available from simple rocket theory. This expression may be
written as follows:

‘;1‘]'{-.“‘ = ACpP

where:

%% = the rate of gas discharge, 1bs (mass) per second,
A = the area of the vent, in 2
P = the stagnation pressure at the vent entrance, lbs

(foree) per in2
CD= the discharge coefficient, lbs (mass) per 1b (force

per second, or sec

The above equation may be integrated to obtain an expression for m,
the total mass burned. The new expression is

me ACDIP dt.
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This equation permits the experimental determination of C., since

D
total m and A for all of the vents are kngwn for a given primer

and) Pdt, or gas impulse in lbesec per 1n2, can be determined from static
firing tests (the area under the pressure-time curves). (In these
experiments no effort has been made to state the equivalent rate

of energy release, This point is deferred to the conclusion of
experiments on a variety of igniter materials which include black
powder).

In using the above equation for determining gas discharge,
certain assumptions are made. JSome of these assumptions are:

a) The products of combustion are perfect gases so that the
discharge coefficient is a constant,

b) The vent area is the actual area of the holes in a primer
body. Actually, the vena contracta for a square-edged
orifice is slightly less than the cross-sectional area of
the orifice.

¢) The pressures measured and recorded on the pressure-time
records are stagnation pressures,

If one wishes only relative comparisons among primers, the first assumption
may require only that the characteristics of the gases remain the same
from round to round,

Since A and CD

in gas discharge along a primer is to plot gas impulse versus position along
the primer tube. This has been done in order to compare various types of
primers and to study the effect of varlables such as characteristics of
black powder charge and primer length,

are constants; a simple way to illustrate the variation

Closed-End Primers Uniformly Side-Vented Along Entire Lengths

The ideal primer, with uniform discharge of gases per unit length,
would exhibit a constant gas impulse at all positions along the primer,
Side=vented primers fully packed with grade A-1l black powder burn in a
cigarette fashion, starting from the breech end. Althaigh maximum
pressures. occur at the muzzle end, maxirum venting takes place at the
breech end, because the total venting time is greater there. The graph
of gas impulse (ordinate) versus position (abscissa) is concave upward
with a maximum value of impulse at the breech end, (or wherever else
ignition occurs). In some of the tests the point of maximum discharge
of gases occurred well downstream from the breech end. It is believed
that ignition also took place downstream in these instances;, as indicated
on pressure~t1me recards). An example of uniformly vented closed-end
primers is the standard M28, for which graphs of gas impulse versus
position may be found in Flga 9.
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When the powder charge is reduced, no change occurs in the shape
of the curve of gas impulse versus position, The curve is, of course,
closer to the abscissa, indicating less discharge at every position
along the primer,

When FFFQ black powder is used in this type of primer, multiple
venting often occurs and round-to-round variations are more marked.
However, the curve of gas impulse usually shows maximum venting at the
igniter end or at any other position where the black powder charge
first ignites. The curve is again concave upward and approaches the
abscigsa asymptotically at forward positions. If multiple venting
occurs, the curve for the first venting is closer to the abscissa than
for complete burning, since only a portion of the charge burns during
this initial period. The second and third ventings, if they occur,
exhibit curves that tend progressively with successive ventings to
slant in the opposite direction, i.e., more venting toward the muzzle
end. If the curves for all of the periods of ventings from one primer
are added, the curve obtained (Fig. 10} is more nearly horizontal than
curves for any single period of venting.

As the charge of FFFG black powder is reduced, the curve of gas
impulse becomes more nearly parallel to the abscissa and may show
maximum venting at the muzzle end. This shift in the point of maximum
discharge probably occurs because the powder bed is more easily ignited
along its entire length and does not pack at the muzzle end so readily
for the reduced charges. An example is a modified M28 primer containing
FFFG black powder (See Fig. 11).

Primers with Powder Charges Retained in Unvented Sections by Movable
Diaphragms

Primers of this type generally show great variations in gas dis-
charge along the tube. A typlcal plot of gas impulse versus position
for the vented portion of a primer, approaches the abscissa asymptot-
ically with maximum gas discharge at vents nearest the unvented section,
neglecting discharge from the open forward end. As was mentioned ear-
lier, the effect of increasing the charge in this type of primer is that
of increasing the pressure greatly in the unvented section and the var-
iations in pressure along the primer. A reduction of the charge pro-
duces a primer that has little variation in gas discharge along the
length, but the total gas discharge becomes very low. ‘Examples of prim-
ers with great variation along the wvented section are the standard MLO
and standard M58 primers. (See Fig. 12 and 13). A primer showing relw
atively low pressures and little variation in gas discharge with length
is the modified M58 primer with a reduced black powder charge. Curves
of gas discharge for primers with 100 grains and 150 grains of grade
A-1 black powder may be found in Fig. 1i.
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Added length t¢ an open-end primer of this type should increase
resistance to gas flow vast the ncint of addition and cause higher
upstream pressures and, therefore, greater gas discharge from upstream
vents, lboperimental results indicate the opposite is true, however.
As the primer lsngth was increased, a given upsitream vent showed
slightly less gas discharge. Fig,)5 shows this effect for experi-
mental primers with charges of 225 grains of grade A~1 black powder
held in the unvented section by a paper diaphraegm; the primers varied
in length from 11 1/i inches to 17 1/L inches,

When a metal plug is used to close the muzzle end of the primer,
maximum gas discharge usually occurs at the muzzle cnd; apparcntly
owing to the piling un of pases and resultant high pressures associated
with closed-end primers. OSince high pressures occur in the unvented
portion of these primers, the amounts of gas discharged are also
great at the first veonls beyond the unvented secticn., As the length
of the vented section is shortencd; the piling up action at the
closed end is felt farther upstream so that gas discharge is greater
near the unvenited section for short nrimers than for long primers. For
longer primers, gas dischaige decreases with distance beyond the
unvented section and then begins to increase agsin as the closed end
is approached. Of the examples studied, the 15 3/li-inch primer fell
between the two extremes and exhibited fairly uwniform gas discharge.
The example studied was the closed-end FVE primer with varied vented
length. (Fig. 4b)., GCraphs of gas impulse versus position mgy be found
in Fig. 16.

4 closed end primer of this type with the vent diameters varied
slong its length is the T8BEL primer (Fig. 5) It should be pcinted out
that the vented region extends back into the powder section in this
example.

i nlot of gas impulse versus rosition for the T8BEL primer may be
found in Fig. 17, OJince the vent area varies with position, a
_correction must be avplied to this plot in order to indicate the actual
variation of gas discharge along the primer. A valus of 0,0166 sec.™t
has been assumed for CD (See section on "Empirical Determination of

Orifice Discharpge Coefficients" below) in the relationsiio m e ;\CDJ—Pdto

A bar graph of gas discharge from each pair of vents in the primer is
presented in Fig. 18, which shows that one can partially control the
variation of gas discharge along a primer by a suitable disposition of
vent area,

Double-Tube Primers

When an inner tube is added %o a primer which is vented along its
entire length, so that ignition takes place at the mid-primer position,
an improvement in the variation of gas discharge along the primer is
accomplished. For primers which are fully packed with A=1 black powde®,
a plot of gas impulse versus position curves downward slightly for the
breech end and tips up for the muzzle end of a primer. The concavity

a0



of the forward end of the curve, indicating more gas discharge there,
is probably due to the greater amount of powder at the forward end of
the primer, If the immer tube ran the entire length of the primer,
so that the powder per unit length of primer were constant, the curve
would probably bend down at both ends and maximum gas discharge would
be indicated at the mid-primer'position or point of ignition.

Smaller charges (if they ignite) exhibit essentially the same
cuarve shapes. as full charges but with somewhat reduced impulse. An
example of this primer is shown in Fig., 3b; amounts of gas discharged
for charges of 200 and 300 grains are shown in Fig. 19,

If FFFG black powder is used in double-tube primers, multiple
venting is encountered. Discharge of gases is greatest at mid-primer
or any other point of ignition. ‘hen and if subsequent ventings take
place, gas discharge at the ends increases relative to gas discharge
at mid-primer. If the curves for all ventings are added, the gas
impul se is more nearly uniform with position, and the maximum remains
at the point of ignition., As the charge of FFFG black powder is
reduced in double-tube primers, the variation in gas discharge along
the primer may decrease, and the point of maximum gas discharge moves
toward the muzzle end. The maximum discharge still occurs near the
mid-point of the primer, however., Data for gas discharge are plotted
in Fig. 20 and 21,

Since the amount of gas discharged from a primer is essentially a
pressure-time relationship, the same amount of gas discharge, energy-
wise, could be realized from a low-pressure, long-duration discharge
as from a high-pressure, short-duration discharge. Therefore, it is
reasonable to state that other factors concerning primer performance,
such as maximum pressure and sequence and length of vents, must be
considered in order fully to evaluate a given primer design.

Empirical Determination of Orifice Discharge Coefficients

As mentioned earlier the coefficient of discharge CD for black

powder may be calculated from the results of static firing tests of
artillery primers by using the expression:

m = ACDJ’Pdt

As would be expected, since many assumptions must be made and since an
imperfect gas is imvolved, the calculated values of CD also vary greatly.

The effects of variation from a perfect gas (L) are:

1) Friction decreases Cph

2) Heat loss increases ¢,
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3) Incomplete reaction increases ¢

L) Unburnt powder in the gas increases ¢,

The method used for estimating values of GD was that of plotting a graph

oﬂdet, gas impulse, versus position for a particular primer and-of
finding values ofngdt for each individual vent in that primer. The
average value ofddet for all of the venis was then substituted fch’Pdt
in the above equation, The total area for all the vents was used for A,
and the original charge of black powder in the primer (pounds mass) was
used for me The average value of CD was 0,018 sec™! for M28 primers

(Fige 3a) and 0.015 sec. “1tor experimental closed-end primers with
unvented sections (FVE type primer shown in Fig. Lb). The average value

calenlated for all of the primers tested was 0.0166 sec—l, and the

standard deviation of CD was 0,0032. Although these values of CD are

approximate, they will be used here to make an estimate of +the amounts
of gas discharged through the open ends of open-end primers,

Estimating Fnd Venting From Open-End Primers

Given a value of CD for black powder, it is possible to calculate what

fraction of the original charge is discharged through the open forward end
of a primer, The method used is simply that of caleulating the fraetion of
the original primer charge that is discharged through the side vents and
of assuming that the rest is discharged through the open end. This method
is similar to that described above for calculating QD’ except that here

CD is known and m is calculated, A value of 0,015 sec"'1 was assigned to
CD’ since it was obtained from primers similar in design to the open-end

primera.

The results of the caleculations indicate that as the vented length of
the primer is increased and the charge is held constant, less mass is
discharged from the open end. This would be expected, since longer primers
allow greater chance for side venting before the gases (which, of course,
carry some solid particles).reach the open end. Open-end FVE primers
illustrated in Fig. Lb show this trend., The amount of end venting varied
from L1 percent for the shortest (12 3/L inches) to 18 percent for the
longest primers {17 1/L inches).

As the charge is increased the fraction of products vented through
the open end decreases, Examples chowing this are the modified MS8 with
a reduced charge (Fig. La), and the 15 3/h-inch FVE primer. For the
modified M58 primer and a charge of 100 grains of grade A-l black powder,
about 52 grains; or 52 percent, of the charge was discharged from the
open énd. When the charge was increased to 150 grains, the amount end-
vented increased to 53 grains, or 35 percent, of the original charge.
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Other primers showing this phenomena are the stamdard M40 (Fig.2b)
and the open-end 17 1/L-inch FVE primer (similar in length to the M40
but with only 225 grains of black powder)., The FVE primer discharged
about 4O grains, or 18 percent; of its charge out the muzzle end,

The MiO primer end-vented about 45 grains in one case and 25 grains
in another, or 17 and 9 percent of its 270-grain charge, respectively,

Several primers with reduced loading densities in the unvented
powder bed section were also tested. These were the modified M58
primers with charges of 100 grains and 150 grains in a section long
enough ( 7 1/2 inches) to hold 225 grains of grade A-1 black powder.
In general, these loosely nacked primers showed longer times for the
various events and lower maximum pressures than the primers with
closely packed beds. The primer with the lowest loading density (100
grains of A-1) exhibited a very long ignition delay. With this in
nmind, the results of end venting are ccnsidered. The 100-grain
primer end-vented about 32 grains, The 150-grain primer indicated
about 50 grains end-vented, a fraction about the same as for packed
bed primers. It should be realized that only one each of these last
two primers has beer tested. The above results may be found in Table
XVII,

SUMMARY AND CONCLUSIONS

The most desirable characteristics of any primer system are
reproducibility, simultaneity and/or symmetry of discharge, and
sufficiency. This ideal primer can be approached but probably never
attained using black powder,

Because of certain properties of black powder it is impossible
for it to operate in a reproducible manner at all times. Since the
burning rate exponent, n, apparently increases from about 0.5 to 1.0
at about 2000 or 3000 psi; primers cperating at or above this range will
show great variations among rounds., Furthermore, the shape, size and
strength of black powder particles vary fram sample to sample so that
irrepgularities in the way it packs and breaks up during firing will
inevitably occur, With smaller gramlations packing becomes worse
and the possibility of multiple venting arises. Hence, the better black
powder primer from the standpoint of reproducibility would be one
operating below 3000 psi, with large enough particles (relative to the
vent hole size) that miltiple venting would not occur and packing would
not be extreme, Certain other steps such as the addition ol inner tubes
can also be taken to aid the flow problem.

Static firing tests have shown that simultaneity can be approached
but that it has not been achieved in standard black powder primers. The
problem is associated with the flow problem in packed beds. The double=-
tube primer vents its length quickly in alleviating this problem, but is
costly to fabricate, Simultaneity can also be approached at the expense
of reproducibility by increasing foiling paper strength and, therefore,
pressures, The diaphragn type primer offers another solution by venting
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quickly, but gas discharge varies greatly from breech to muzzlie end
in open-end primers of this type.

The sufficiency of igniter systems has not been stressed in this
work, but it may be stated that black powder has a sufficiently low
flame temperature that standard primers may be inadequate for some
propellant systems.

Uniformity in the amount of gas discharged from primers appears
to be connected directly with flow problem in packed bteds. The use
of imer tubes corrects this condition scmewhat. Certain diaphrapgm
primers with closed cnds can also be made to discharge enerpgy evenly
in specific instances, but reproducibility is poor in these primers.

As indicated above, many of the problems associated with black
powder primers are due to the flow problem inherent in beds of granular
black powder, One way to alleviate the flow problem is to use a
material that can Le extruded in stick form. The use of these sticks
in standard primer tubes of the M28 type would provide natural channels
for gas flow along the primer. One material that can be extruded into
gtrands and yet has most of the desirable properties of black powder
is a mixture of potassium nitrate, sulfur and charcoal in nitrocellulose
as a binder. S&mall amounts of certain other ingredients arc added to
aid ignition. GHetals and oxidizers may be added to this mixture if
desired. Preliminary experiments on a mmber of potential substitutes
for black powder have been conducted and the results indicate that
the use of extruded materials offers real potentialities.

A detaliled description of some other advantages and disadvantages
of black powder may be fourd in other warks (5).
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Grade A=l
a)

b)

Grade A-3a

a)

b)

FFFG

a)

b)

.

TALLE I -~ ZLACK POWDER GRARULATIONS *

A maximun of 3.C percent may be retained on a screen having
openings of 0.135 inch square (sieve size Wo. L).

A mazimum of 5.0 nercent may nass througi: 2 screen hiaving
orenings of 0,093 inch square (sieve size Vo. ).

A maximm of 3.0 percent may te retained on a screen leaving
openings of 0,065 inch squarc {sieve size No. 12),

A maxirum of 5.0 percent may pass through a screen having
openings of 0.033 inch square (sieve size No. 20).

A maximun of 3.0 Hercent may be retained on a screen
having openings of 0.033 inch square (sieve size No. 20).

A maximum of 5,0 percent may pass through a screen
leaving openings of 0.0l2 inch square (sieve size No., 50).

#Data taken from "JAN-P-223A, 12 Jan 1949, National Military Dstablish-

ment Spccification: Powder, Black".
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TABLE II- STANDARD M28 PRIMERS#

B ™ e T L v e e & v
OOOOOOQOOOO’

0y .0 P W o WY e Fal P U o VN . WY . 1 Fa

DATE ROUND GAUGE MAXTMIM T T T.,!

NUMEER POSITION  PRESSURE 1+ 2 3
(psi) (ms) (ms) (ms)
10-19-53 1 1 860 0.9 5,2 8.7
2 1050 1.3 5.0 6.9
3 1300 1.5 Sy 4.0
L 1380 L.8 6.6 2.5
10-19-53 2 1 1595 2.0 3.4 542
2 1260 0.9 2.9 6.6
3 1315 L2 5¢3 3.0
L 2640 3. Sl L.0
10-23-53 1 1 980 0.8 8.2 15.0
2 960 1,2 8.2 8.l
3 1130 7oL 10.4 59
L 1130 9.7 10.6  L.7
n 2 1 1190 1.6 549 7.6
2 1250 0.9 5.9 Y-
3 1300 2.6 6.6 5.3
L 1740 L8 Te3 L3
" 3 1 llho 155 707 1009
2 1290 hol 7.7 6.8
3 1600 3.0 Te7 5.8
L 1190 5.5 8.0 L6
U L 1 770 0.7 5.6 11.3
2 970 3.2 6.3 79
3 1120 5.2 7.4 Ol
I 1050 L.9 7.0 5.1

#* Note: 8 of Ll vent holes were covered by gauge housings.

L7




!

TAELE IIT - VODIFIED M~28 PRIITINS®
(Reduced Charges of Grade A-1 Black TFowder)

A~ ~ AEaan ~ AN S — S S A
[o BN e] o O c 0O ¢ © O o0 04:)
o

Fat 0, A, F P £ Pt o o

DATE  EOUID GAINE  GAUGE HXDDH T, T, T,0 T
WHDBE  (GLAINS)  UOSITION  PRUSSY R 3
- (psi) (ns) (ms) (ms) (=)

10-21-53 1 200 1 1450 0.8 6.8 13.4
2 720 0.9 €7 90
3 500 5.1 7.7 6.6
L‘» 91‘-5-0 509 701 597
" 2 200 1 520 1.1 6.8 10.2
2 700 o TS TR O
3 980 1.k 7.6 %.2
L 1000 6.2 T8 L.b
0 3 200 1 500 32.5 4L3.1 9.7
2 470 33,0 L1y 6.
3 1520 29.0 L2,2 15.3
h 290 31.4 W14 2.5
B-27=-54 3 150 1 1960 0.7, LeO 9.5
2 1750 2.6 3.5 2.3
3 1720 0.8 3.9 L.6
h 2580 302 3:8 2.7
11-3-53 1 100 1 100 sy 9.4 19.4L
2 No Hecord
3 150 6.3 10.9 35,3
N 160 h.2 1.4 36.0
§-18-5 1 100 1 239 0.9 1h.3 22
2 L80 1,0 14.1 23
3 800 11.0 14,5 32.7
L 900 12,5 15,0 23.1
" 2 RO 1 315 0.9 1.l 29
2 250 1.k 1.6 33
. 2 250 1.3 3.2 37
}.l. 200 105 hvl 33&8

iMNote: 8 of L) vent hioles were covered by gauge housings.
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TABLE IV - MODIFIED M28 PRIMDRS#

(FFFG Black Powder)

A" A ¥ I AL VAL L v A " e
00000000000)

Vo VR o S — N oo SN o N .. S 5 U o S .. S o1

b (l—

DATE RCGUND CHARGE GAUGE MAXTIMUM T1 T2 T3'
NUMBER (GRAINS)  POSITION PRESSURE

(psi) _ (ms) (ms) (ms)

=
wm \w
—

11-12-53 2 300 1 800sH: 2,7 L.S L.3
L50 16,6 2L.0 5.0
L3C 35.8 L2.0 2,6
2 No Itecord
3 50 5-0 709 -
200 20,0 23,2 -
225 37.3 LO.L -
325 2007 25-’4- ‘4-61
810 3703 h003 h='2
11-6-53 2 200 1 7L00 1.3 1.7 1.9
2 6300 1.2 1.5 2.7
3 1,250 1.5 1.7 1.8
L 1,000 1.L 1,8 1.7
" 1 200 1 20003 L, 5.2 2.7
. 100 21,0 26,0 -
2 1800 3.9 5«2 2.6
3 No Record
N No Record
11-h-53 L 150 1 1L00s* L8 7.5 3.4
75 190'4- 2202‘ -
2 1300 5.6 7.3 3.5
150 19.6 22.6 -
3 1800 3.0 6.8 3.7
150 19.2 21.9 -
L 380 7.1 803 1.9
1,40 19 05 22.5 -
11-3-53 3 100 1 1800 1.1 6.2 3.0
2 1700 1.2 6.2 3.9
3 - 008 Seh -
L 2350 1.5 5.1 2.L
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TABLE IV (Cont'd)

DATE ROUND CHARGE GAUGE MAXIMUM T, T, T3' T3
MUMBER  (GRAINS) POSITION  PRESSURE

(psi)  (ms) (ms) (ms) (ms)

11-4-53 1 100 1 51,00 1.0 1.5 1.8 L.6

2 3100 1.2 1.7 1.6 2.3

3 2700 1.2 1.7 1.5 L.5

I 3200 1.7 2.1 1.5 L.5

wNote: 8 of Lk vent holes were covered by gauge housings.
##Multiple Venting

50




TABLE V - MODIFIED M58 PRIMERS

(Reduced Charge of Grade A-1 Black Powder)

7 e o el oo}
DATE ROUND CHARGE GAUGE MAXTHMIH v T, T.!
NUMBER GRAINS FOSITION PRESSURD 3
‘ (psi) (ms) (ms) (ms)
6-15-5L 2 100 1 1350 2,7 Te5 5.8
1a 1270 2.8 5,3 5,2
1b 15,0 2.5 6.2 L.?
2 1060 2.7 640 3.7
6-2L-5L 3 100 1 1970 1.3 1l.L L.2
la 1905 1.7 1.8 L.0
1b 1680 1.9 2,0 3.5
2 1550 2.2 2.5 2.8
6-15=5] 3 100 3 1100 2,3 2.5 3.1
3a 950 2.3 2.4 2.7
3b 870 2.6 2,9 2.2
L 150 2.6 2.8 1.4
6=2L=50 L 100 3 1620 2.5 2.5 2.7
3a 1290 2.8 2.8 1.9
3b 900 2.4 2.7 1.7
L 600 3.2 3.2 1.1
6-15-5L L 150 1 4750 1.0 2,8 5.4
la 1,880 l.3 2.8 5.0
1b 1,870 2.1 2.8 6.5
2 1150 2.3 3.3 L.6
6-25-51 6 150 1 4550 1.1 2.5 6.4
la 1,060 1.6 2.3 6.0
1b 11940 2,1 2,1 5.0
2 41,00 2.2 2.3 L.5
6"'15-5]4 5 150 3 3550 20? 209 606
3a 2900 3.0 2.8 2.6
3b 2930 3.1 3.4 3.3
L 1130 3.3 3.3 2.8
6-2L-5Y 6 150 3 3550 2.7 2.7 5.0
3a 3280 2.6 2.6 8,0
3b 1550 2.9 3.2 L.O
N No hecord
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TABLE VI - OPEN IEND FVE TYPE PRIMELLS

225 Grains Grade A~l Black powder

S B I S S N
DATE ROUND LENGTH GAUGE MAXIMUM ‘Tl T, Iy
: NUMEER (in) POSITION PRESSULE (ns) ) )
(psi) ms) (ms) (ms
12-11-53 1 1 1/4 1 4300 1.8 3.8 4.8
2 3550 2,7 3.8 5.2
3 2500 2.9 3.6 5.2
L No Record
" 2 11 1/hL4 1 5280 1.9 L.1 5.9
2 3950 2.7 Le2 6.5
3 .3100 3.2 4. 5.3
L 2100 3.6 L.2 3.8
" 3 12 3/l 1 8000 1.6 L.1 6.5
2 5520 2.3 L. 6.0
3 3900 3.4 3.8 4.6
4 2700 3.6 Le3  Ue3
12~14-53 1 12 3/4 1 5500 - - -
2 4150 2.6 3.1 L.7
3 3100 2.9 3.4 L.6
L Ne Record
n p) 1L 1/4 1 6300 1.3 3.9 5.9
2 4300 3.0 L.7 5.8
3 3200 3.3 L.0 4.3
L 1650 3.6 4.1 L.O
" 3 1L 1/L 1 5500 1,0 3.2 5.2
2 Lh50 2.3 2.6 L6
3 3900 2.5 2.9 L.2
N 2600 2.9 2.9 3.6
" N 15 3/k 1 6930 1.1 3.4 5.8
2 Leko 1.8 3.3 5.3
3 3L60 2,7 3.4 LlS
N 1450 3.2 3.8 3.5

52
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TABLE VI (Cont'd)

DATE ROUND LENGTH GAUGE MAXIMUM Tl T2 T.,!
NUMBER (in) POSI TION PRESSURE (ms) 3 )

(psi) ms (ms) {ms
12-14-53 § 15 3/ 1 6310 1 3.6 6.1
2 L 380 2.3 3.6 5.8

3 3750 3.0 3.6 5.3
L 2250 3.5 3.6 2.8

" 6 17 1/4 1 5600 1.1 3.3 5.5

2 11290 2.5 2.9 5.0

3 28140 2.5 3.0 5.3

L 1090 3.0 3.7 L.O

" 7 17 1/L 1 5960 1.0 3.2 6.5

2 6680 2,6 2.9 5.1

3 4100 2.8 3.3 5.0

N 2000 3.3 3.4 LeO

5-5-54 3 15 3/L 1 7230 1.2 3.8 6.5
la 7650 2.1 3.7 5l
1b 6550 2.7 3. 6.0

2 ¥o Record

5-6-50 2 15 3/L 3 - 3.0 - -
3a 3870 33 3.3 3.5
3b 3100 3.5 3.5 L.O
L 2,00 3.7 L.0 L.0O
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TABLE VII - STANDARD M4O TPRIMERS

!

t

I

(ms)

MAXTMIM
PRESSURE

=
(@]
=
S K
59
[ ™

ROUND
NUMEER

DATE

(psi)
15600
14600
13750

1

2

5~20~5l

No Record

1la
1b

L[}

6-L~5L

6-8-5L

7500
No Record

11450
2860

3
3a
L

3.0 2.1

3.2

2.9
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TABLE IX - MCDIFIED M58 PRIMERS

(Vents Added Near Breech End)

?
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'

t

DATE ROUND
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DIA.(in.) DISTAKCZ TRCM POSITION

INITIATCR (in.)
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XTI T

iy
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_TB' |
(pei)” (ms) (ms)(ms)
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"
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TAEBLE X-CLOSED END FVE TYPE PRIMERS

225 Grains Grade A-1 Black Powder

1

{

o L o{l° . 0©
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ROUND
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1L 1/L
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TABLE X (Cont'd)

DATE ROUND IENGTH GAUGE MAXIMUM T T T3

) 1 2
B (in)  FOSITION  PRSSSURS (1) (ng) (na)
1-12-64 1 15 3/L 1 7600 0.9 2.8 7.5
2 4750 2.5 2.5 5.5
3 7130 206 206 5.5
L No Record
" 2 15 3/L 1 7850 0.7 2.6 6.5
2 6900 2.2 2.5 6.5
3 3800 2.3 2.5 6.5
L 11250 2.6 2.6 6.5
5-6-54 3 15 3/L 3 4000 3.9 5.0 k.S
3a 3250 L2 L9 L,0
3b 3630 L.L 5.0 L.O
L U280 LS  Lab LeS
5-13-54 3 15 3/L4 1 11000 - - -
‘ la 10350 - - -
1b 7200 - - -
2 6500 - - -
9"2"'5h 5 15 3/14 3 h890 302 305 9.1
3a 3705 3.6 3.6 8.0
3b LO7S 3.4 L0 Tub
L 5730 3.4 3,7 8.0
1~7=54 1 17 1/4 1 No Record
p No Record
3 2180 3,4  L.0 6.5
L k80 L.O Le5 6.5
" 2 17 1/4 1 No Record
2 8220 2.0 2,0 5,8
3 6450 2,0 2.2 7.0
L Ho Record
9-2-54 6 17 1/L 3 3680 3.8 Ly 5.0
3a 2410 3.9 hoh L0
3b 3780 L.3 5.0 L.O
L 5710 Lo Le8 3.5
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TABLE~-XI~-TE8E1 PRIMER

i P S T S N S T
e O _ Q 4_: o o o ::;;q
DATE ROUKD SAUGE MAXTIUN Ty T, T
NUKDER POSITION — FRESSURE (v o & ,;
(pSi) ms ns NS
la 6885 2.h6 2,88 2.9
1b £120 2.97 3.33 2.6
2 3760 3.19 3.52 -
2-15-55 1 3 5140 2,84 2.95 1.73
3a 5580 2.93 3.1L  1.68
3b ohoo 3.09 3.47 1l.74
L 10630 3.12 3,25 1.64
" 2 3 5300 3.28 3.37 3.0
3a 4730 3,42 3,62 3.0
3b 5710 No Recor
N 5010 3.7 3.85 2.5
" 3 3 2u20 heoai9 L7 12.11
3a 2760 473 L.96 17.04
3b 2589 5.08 5.55 12.01
L 96TH 5.21 5.32 20.
3-2-55 1 3 2245 3.7 L.0 1.4
3a 3225 3.8 3.3 1.35
3b 5200 1,06 LG 1,57
h 1570 hoah o h.7 ¢.C
v 2 1 1660 1.33 3.5 L.
la 11,60 2.2 3.5 3.1
1b LoLo 3.3 3.65 2.
2 h175 3.6 3.9 1.9
" 3 3 - 3.85 3.95 1.8
3a 2600 L.05 hL.2 1.8
3b 2115 4,35 LS 2.1
N 398 L.35 L.L 0.6
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TABLE-XI-~ (Cont'd)

DATE ROUND GAUGE MAXTMUM Ty T T3
' o j ) [

3-7-55 2 1 5350 l.h 3.22 L2
la 5120 2.6 3,22 2.6

1b 5030 3.22 3.57 2.6
2 3hL0 3.58 3.7h 1.95

" 3 1 4460 2.1 4,9 5e3

la LLO2O 303’4 ]-la? 307

1b 3L00 4.35 L.7 2.7

2 2250 L, 5,0 2.2

" L 3 3320 3.33 3.7 2.3

3a 2220 3,45 3.7 2.0

3b 3450 3.7 L.O 1.7
L 7770 3.7 L.O 1,35

" 5 3 1900 L.9 5.0 1.7

. 3a 2020 5.1 5.3 1.7

3b 1570 5.5 5.6 1.0

L 2390 .6 5.7 1.0

# In these cases the pressure gauge port was believed to have been
partially blocked by the paper blow-out diaphragms,
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TABLE XTI -~ STAGNATION PRESSJRES AT PRIMER CLOSURES
MODIFIED PRIMERS

(Reduced Charges of Grade A-1 Black Powder)

POS 4

{

N

0 o~ °:° O r4— CLOSURE

L5

DATE ROUND TYPE CHARGE MAXTMUM PRESSURE (PSI)
NUMBER (GRAINS) POSITION b CLOSURE
10-27=5l 3 M58 100 2590 2780
n h 158 150 2580 14580
" 5 158 200 5780 7700
" 6 MuO 100 1800 3270
11-1-54 2 11 1/4" FVE 100 1180 2740

TABLE XIII - FLAME FRONT VELOCITIES IN PRIMERS

Average Values in Feet Per Second

PRIMER TYPE From P-t Lecords From Camera Records
Unvented Section Vented Section Vented Section

11 1/4 inch open-end FVE 550 595

12 3/h u n " n 738 1667

W 1/, v 326 1310

15 3/L 1278 1113 11h4

17 1/ o 330 1196

11 1/l inch closed-end FVE 350 2600 25

12 3/ 317 1167 501

1/ v 21195 - 8Ll

15 3/4 315 832 1139

171/, n - 1288 1958

Standard MLO 1,89 2397 1337

Standard M58 273

Modified M58 (150gr Charge) 398 938 883

Modified M58 (100gr Charge) 36L 1527 705
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TABLE XIV - MODIFIED M28 PRIMERS#

(Double Tube Primer with FFFG Black Powder)

' i

\

Y
[ i = ——1— './f::

v W
2OOTD
VMY o Y o

DATE ROUND CHARGE GAUGE VAXTMUM Tl T, T3
NUMEBER GRAINS POSITION FRESSURE
(psi) (ms) (ms) (ms)
11-~9-53 3 300 1 1550#%  MNo Record
Loo No Record
2 2100 No Record
550 ] N
3 2580 1 i
] 600 " n
L *  No record
’ 730 " ]
11-12-53 1 300 1 2130 3.2 ° 3.6 5.6
2 3100 2.2 2.5 7.0
3 2620 1,8 1.9 Se6
L 80 4.5 7.2 12.5
11-9-53 1 200 1 14005 10,7 11.h 8.3
200 25,6 271.3 3.2
. 340 28.2 30,3 4.7
2 1550  11.1 11.5 8.5
250 24,0 27.5 h.6
470 28,6 30.4 h.5
3 2050 10,9 11.9 9.5
290 2L.9 27.7 9.0
950 - 3100 -
L 150 1.8 17.8 5.0
260 25,0 27,3 10.0
520 - 30.1 -
11-9-53 2 200 1 1510%3 4.3 5.6 10,0
Mo LRecord- - -
2 1700 5.3 5.5 7.0
No Record- T =
3 2180 12 Sehy 10.0
100 17,0 22,5 10.0
L 520 7.0 10,0 8.2
130 20,0 23,2 i
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TABLE XIV - (Cont'd)

DATE ROUND CHARGE GAUGE

MAXIMIM

T

-3

-3

WULEER GRAINS  POSITION  PRESSURE , © 2 3

(psi) (ms)  (ms)  (ms)

©11-4~53 3 T 150 1 1280  L.8 5.9 5.0
2 1700 L3 5.8 5.0

3 2350 3.3 Seli 6.2

L 1130 L3 5.l L.3

11-4-53 2 100 1 650 23 26 940

: 2 600 22.3  25.6 9.0

3 700 21.0 25.6  11.5

L 580 21.3 25.7  10.3

# Note: 8 of Ll vents holes were covered by gauge housings.

## Mualtiple Venting
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TABLE XV - PRIMER, 5/16* DOUELE TUEE - WITH BOOSTER

FFFG BLACK POWDER

A AY

A

| U, A— = = ——
[~ — - = o o/,}_ — __O 5 —A—o—_-.
DATE ROUND CHARGE GAUGE MAXTMUM T, T, T3
NUMEER (GRATNS) POSITION  PRESSURE
(ms) (ms) (ms)
9-2-6); 3 108 1 1,080 0.8 0.9 Lol
(5-Grain 2 5105 0.5 1,0 4.8
Booster) 3 8000C 1.1 1.3 0ol
- l 5200 1.2 1.6 L5

TABLE XVI - MODIFIED M28 PRIMERS #

{(Double Tube Primers with Grade A-1l Black Powder)

[T ———ANOOTD.
DATE ROUND CHARGE GAUGE MAXTMIM Tl T2 T3
8"’30"5)4 5 300 1 3180 106 303 705

2 2560 1.5 345 9.0
3 2320 1.4 3.9 7.0
L 3385 1.7 3.8  10.0
8-30-5h 6 200 1 300 26,7 30.9 18
2 690 27,2 30.1 16.5
3 890 26,3 30.8 17
L 710 27,3 31.5 20
8-30-5L 7 100 Misfire
11-3=53 2 100 Misfire
# Note: 8 of LL vent holes were covered by gauge housings,
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TABLE XVII -~ ESTIMATED END VENTING FROM OPEN=END PRIMERS

N SR NP SRS TR
[ Wo T o oo o o
DATE ROUND PRIMER TYPE  CHARGE  SIDE END END
NUMBER (GRAINS) VENTING VENTING VENTING
(GRAINS) (GRAINS) (PERCENT)
12-11-53 3 FVE 12 3/L inch 225 133.2 92.8 L0.8
open end
12-14-53 2 " 14 1/hin 225 158 67 29.8
apen end
" 5 " 15 3/h in 225 171k 53.6 23,8
open end
" 7 # 17 1/4 in 225 185.5 39.5 17.6
open end
6=8-51 1 Standard M0 270 225 L5 16,7
n 2 U " 270 2L5 25 9.3
6=2L=54 L Modified M58+ 100 49.5 50.5 50,5
6155, 3 U 100 L6.2 53.8 53.8
6=15=50 5 Modified M5B¥* 150 97 53 35.h
6-25-54 5 Modified M58 100 68.5 31.5 31.5
6-25-5 h Modified M58## 150 99.7 50.3 33.6

# Reduced Charge Tightly Packed.

s Reduced Charge Loosely Packed, (Powder Section Lengthened).
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