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I. INTRODUCTION

A. HIS'IRY

7he history of forward priming of all anrm ammmition actually

extends back into the mid 1930's. Pr. Elnirr Keith, Charles M. O'Neil,

and MW. Donald S. Hopkins developed a process they call "IDplex Loading"

to -cut down on the heating of an experinental .25 caliber rifle [2].

Mr. Keith, a well known small arms ordnance expert, reasoned that by

firing the charge at the forward end of the case he could hold the pow-

der charge in the case until it was ompletely consumed rather than have

the powder charge burning in the barrel, and thus reduce the heating

rate in the barrel.

Cartriages were assembled utilizing this technique with a primer tube.

Velocities remained the same but gave about 10,000 psi less chamber pres-

sure. Further experimentation showed that by increasing the powder

charge with the forward primed cartridges, normal pressures were obtained

with a definite increase in nuzzle velocity.

Mr. Keith's term "Duplex Loading" did not refer to two or more dif-

ferent types of powders, but rather to a type of ignition system.

7roughout this paper the term duplex will indicate two powder charges of

progressively burning powder, and triplex will indicate three progressively

burning powder charges.

Mr. Keith found that by utilizing three progressively faster burning

powder charges he was able to cbtain normal chanber pressures with con-

siderably higher velocities. All such loads were compressed to prevent

the powders of different burning rates from mixing within the case

before firing.
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During World War II Mr. Keith was sent to Frankford Arsenal for a

rmnth to work with the .50 caliber amunition using his forward priming

technique. He was able to obtain an extra 200 ft/s. Unfortunately, the

pressing matters of a full scale war prevented further work on the miii-

tary applications of this technique. The additional manufacturing

changes necessary to install a primer tube to a cartridge already

extremely effective was deemed inadvisable when maximn production was

called for.

Initial pnspiration for his work came from the knowledge that the

pawer of the priner, without any po:twer charge, was sufficient to drive

a projectile well into the bore. Mr. Keith contended that if the case

were too small for the bore capacity, no velocity increase could be

expected over normal loads, although cha&r pressure could still be

reduced. The work done on this project has proven Mr. Keith to be right

in all respects.

Utilizing the classic fonrrla; PV = netr, it seemed that if the

initial volume could be increased before the powder charge was canpletely

ccnsme3, then the pressure must decrease. This assumes that all other

factors remain essentially constant for the short timeu period being con-

sidered. The primer tube directs the piJer of the primer to the base of

the projectile and also prevents the powder charge fran igniting until

the projectile starts to move. The resulting peak pressure is not only

lower but has a flatter pressure peak when canared to the pressure of

a oomventionally prhied cartridge case.

10
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B. IMPUISE-PROPUISION PRINCIPLES

A gun or rifle is essentially a heat engine in that it3 action

resembles the power stroke of a gasoline engine, with the expanding hot

gases driving a projectile instead of a piston. Men the charge is

ignited, gases are evolved from each burning grain of propellant, thus

chamber pressure and heat build up rapidly. %hen sufficient pressure

is reached the projectile begins to zrove against resistance from linear

and rotational inertia and friction. As the projectile moves forward in

the barrel, chamber volur is increased, tending to decrease the pressure.

Soon after the projectile reaches the rifling the pressure is maximum.

Pressure drops to about ten to thirty percent of maximo by the time the

projectile reaches the muzzle, and the projectile continues to accele-

rate slightly beyond the muzzle. All the factors involved can be

expressed in the kinetic energy theorem as follows;

KE 1/2 mv2 WA _d f (X")
=E = /2 2 JP(x)A dx (~)d

where P(x) is the pressure, -f is the total friction force, x is the

distance down the barrel, and v is the speed.

A pressure--travel curve represents pressure acting on the base of a

projectile as a function of its position in the gun tube. 7he area under

the c3rve represents the work done per unit area of the cross sectional

area of the projectile during its travel through the gun. If the areas

under two curves are equal, then the work perfonmd per unit area is the

same in each case and the muzzle velocity produced in each case will be

apprximately the same. 7b increase nuzzle velocity the area under the

1i



pressure-travel curve would have to be increased without exceeding the

pressure limits of the rifle. It would seen that the ideal charge would

be one that produced a pressure-travel curve which coincided with the

nmuvxmn permissible pressure curve of the rifle. All guns are designed

with a specific pressure-travel curve in mind, so that the desired

nuzzle v.locity can be achieved without causing damage to the gun. A

charge capable of producing such an effect would have disadvantages,

hoaever. Erosion would be increased, and excessive nuzzle flash and

irregular muzzle velocities would be created because of the high muzzle

pressures that would exist. The actual pressure-travel curve of a rifle

depends on factors such as interior ballistic variables, powder grain

characteristics, and ignition characteristics.

7he overall performance of a gun or rifle can be expressed in tenrs

of its. piezcaetric efficiency and its ballistic efficiency. Piezametric

efficiency is found by dividing the mean pressure by the peak pressure,

where the mean pressure is that pressure which, if uniformly exerted on

the projectile over the entire length of the barrel will produce the

nuzzle velocity cbserved. 7he higher the piezcmetric efficiency the

flatter the pressure-time curve. A high piezametric efficiency permits

a shorter and lighter barrel to be used but requires a larger chamber.

Because of high muzzle pressures, however, non-uniform nuzzle velocities

and greater nuzzle flash may result.

Ballistic efficiency is defined as the ratio of the total work done

on the projectile to the total work potential of the charge. A high

ballistic efficiency is obtained by burning the charge as early as pos-

sible in the projectile's passage through the bore, in order that there

12
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be as little residual pressure as possible. A high explosive e=Mlc be

ideal for ballistic efficiency but would be impractical in rifle design.

By considering both ballistic efficiency and piezcnetric efficiency the

most useful ccmprxnise may be chosen.

Interior ballistic performance is controlled by many variables

including variations in ignition characteristics, rate of burning, charge

weight, and chemical ocmposition of the powder.

C. CHAr'CTERISTIC P PMOP E

7he important properties of propellants are determined by grain coo-

position, grain configuration, grain size, and density of loading or

charge weight. A definite residual moisture content and volatility pro-

duct is specified for each powder ouxiosition and granulation. [he

powder may also contain rmiall percentages of stabilizer, graphite, and

inert materials. Any changes in campositicn will affect "quickness,"

powders being referred to as "quick" or "slow" for a particular gun

depending on their rate of burning. The pressure-travel curve for a

charge of "quick" powder reaches a high peak value very early in the

projectile's travel through the bore [5].

"OUICK"POWDER

"SLOW"POWDER

BORE DISTANCE TRAVELE.

Figure 1. Characteristic pressure curves with
weight of charge as a constant.
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The rate of burning, or quickness, of a gunpa]er varies inversely with

the size of the grain. Thus, if tw powders are made up of grains which

are identical in comTposition but different in size, the powder with the

smaller grains will be consumed first. If boo pcwder charges are of

equal weight, the one made up of the smaller grains will be the quicker

[5].

FINE GRAIN

MEDIUM GRAIN
W COARSE GRAIN

U)
U)w
0.

BORE DISTANCE TRAVELED

Figure 2. Pressure-travel curve illustrating the inverse
relationship of grain size to quickness.

The density of packing is the ratio of the weight of the power

charge to that of the volume of water which, at standard temperature,

would fill the powder chanber. It is a measure of the amount of unoccu-

pied space in which the gases of combustion may expand before tJV pro-

jectile.begins to move. High density of packing leaves little space for

initial expansion, thus pressure builds up rapidly. Therefore, maximum

pressure behind the projectile is recorded early in the projectile's

travel through the gun. With low density of packing maximum pressure

occurs later and is less than that achieved with high density of loading.

Other factors renaining equal, increased density of packing increases

maxinum pressure, muzzle velocity, and muzzle loss [5].

14



-• -I +..... . ... -i

HI I

" DENSITY
PACKING

(n DENSIT
w PACKING
cc

BORE DISTANCE TRAVELED

Figure 3. Pressure-travel curve illustrating the relation-
ship of density packing to reaction pressure at
a given bore distance traveled by the projectile.

Gunpcwders are manufactured in grains of various shapes and sizes.

Each grain of powder burns in layers parallel to the ignited surfaces.

ahe greater the exposed surface area of a powder grain, the faster it

will burn. If the area of the burning surface of the powder grains con-

tinually decreases during corbustion they are termed degressive. 7he

xiwder grain which maintaint an approximately constant burning surface

is called neutral. If the burning surface increases during combustion,

the grain is considered p1rgressive. In achieving any desired muzzle

velocity, a progressive powder reaches maximum pressure much later than

a degressive powder and loses pressure much nore gradually. Since the

work done in both cases is the same, the degressive powder produces a

much larger maximnu pressure. Thus, under a particular pressure limit,

use of a progressive powder would produce higher muzzle velocity than

would the use of a degressive powder [5].

15 .



S-DEGRESSIVE

NEUTRAL

cc- PROGRESSIVE

BORE DISTANCE TRAVELED

Figure 4. cMaraceristic pressure-travel curvs
for arios grain cuifiguraticis.

In chowmi a propellg charge :br a specific rifle or gun system,

a caqzooI! 11se in C I~sitic), size, and density of packing must be made.

Sanm ales such as band and shoulder weapos emply quic degressiv-,

sul-grained powderxs in order to minimize nuzz71 blast even though high

pA pressures result. Iarga guns with high-inertial projectiles and

long b----re]Ls have design drclens resulting from low peak pressures.

Whl Pressure-travel curves have been discussed up until now, a

relationship must be drawn with pressure-timea curves sic these are the

ones Lsed in the project. The pressure-tim curve shown in Figure 5 has

the same peak value, but is not as steep, as the pressre-travel curve.

Pressure uilds up with time, but the projectile does not begin its

travel down the bore until the pressure has reached an appreciable value

[5].



TYPICAL PRESSURE vs TFAVEL CURVE

TYPCAL PRESSURE
vs TIME CURVE

TOTAL BORE LENGTH
BORE DSTANCE 

TRAVELED

TWE TAKEN FOR PROJECTILE TO LEAVE

Figure 5. !Vpical p-essure VS travel and leSSUe vs tie r€e•e.

D. VELODfl-MqAMVL 15 dCHSEI~P

7he Iea= e•uat:u for velocity as a fmuct of trVel. is based on

the Iraslaticn of a hypIJ0, lic Cure 15], the general 0e1aHM of "hidil

is;

Sv = where v = ve-locity of the pojectile (ft/s)

u = distance trveled in the bore (ft)

a = evirical cwtant (ft/s)

b = empiica constant (ft)

,zzxe vecty is given by this equatim with u = length of the bore

(ft). If U is alcloed to aprvach infinity, then the Nuzzle velocity is

equal to the limit of the gmeral egi , as; v = u. = a.

Therefore, a is t.he theoretical value of the projectile's muzzle velocity

In a gun of infinite length. ihe kinetic energy of the projectile when

V= a is; KE= ]/2(W/g)a 2 .

17



to the kiaetic energy of ý.Ie projectile at v = a, an expressicrn for ay~abgapt±a eg cres~ifrtepuela

can be detemidned. finn the ,e-sults of calculatioun mad I cperiientatiom:

a = K[-•I9/2i

FdT P W = weight. of the charge, W = ieiit of the projectile.c P

D = d•sity of packing, and- K = a constant dtemined fn= the potential

of the propellant.

'ie relaticosip bebgem the cstat b ad the distance travled u

is fxxmd by diffeiretiating the gera equatiu v

da dv a b au a 2biUsing v - E A = ---- -7 -T = i---ý)4 3, and

d-'v_ bu) a2 b- 3a2ku -u

0t= dt
%ben ---=t 0 ,-. :is a neoimm and b--•.: = 0, pr'u =b/2.

Thmerefore, •uxm a 1er (dv/dt) occurs ide the bore travel

u is equal to cme -ha of the omstant b.

The propellnt fcre acting on the projectile is given by;

ww ~dv

vF Ev thefre, the pressure is A wbere A = the area of
g d-, ,

the base of the project'i..

From this equation, it is seen that the point of mximum aoceleratimn

will also be the point of maxdmm pressure. 7herefore, the constant (b)

is equal to twIce the distane traveled (u) at the point of maximum

pressure.

18



1ie emirical famila for b, used in all calculations by the IeIc

nuetlx is [5J; b=B (I 2/3 -ere B = pc conmstant,

S = specific gravity of the powder, s = volu of the powder chduer.

Pr each paier uwmf tured, a dr e•r constant -r:,esexitn" the

relatave quictness of the powiar is detenaned. "Te valm of this cm-

stant varies iversey with the velocity of hwiing and is I I P

aest for "slc po"lexs. Siue b is dixety pipor! timal to the

powde constant, a 'slow pcoier will caue, tLe paint- of upie- -±s&re

to occur farther "mu the bore than a fat; po3er.

E. RUWI ARi) P JMHXIE 'Ar[ABIES

Variat-is in the structure of the gun or rifle and projectile for a

powder charge of fixed size and nature affect Ipressre and nuzle velocity.

chuecreasg d er volme or density of pdingi

Izzle velocity and ,nadmn pressure. The length of travel to the

ma-nmximuv prssure point is rrPspcrcl ugly decreased.

* Increasing the calibe or length of th gun tube increases the imizze

velocity since eergy f the expanding gases reuains after the po-

*jti-le 3bies the waapo. eigfhe"ing the gun tube wild enable more of

this enrc to be coupled to the projectile, thus increasing ts uzzle

velocity. IiNever, legthining the tube increases the weight ad tUs

decreases weapan mdbity. , y- a certain point, the added

velocity is not worth the a~dition in weight. Also, structur pcilEms

ray arise with long tubes.

* - ~~Irmreasing pxojectile weight has the effect of inraigpcuder

"qai ess . avier the projec , the greater the force required

to morve it; thus, maxinun pressure is S _t and is reacd earlier in

19
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the pr'jecrtle's travl 15J. 7he increased weight Will lower =urze

velocity. Since the work done in each case Wil be Lu iely the

sme, and wwrk = 1=/2 V2=lV2 V2", env- nW . 7iat is,

mizzle veloccity will vary inversoly with the s9yare ruot of projectile

FIXED CHARGE

,wHEAVY PROJECTILE

O.LIGHT PROJECTILE

DISTANCE TRAVELED IN GUN

I Figure 6. Characteristic presmsre-trael curves for
Various projectile weights with fixed charge.

F. METHODS (C' MSLM PIWSSUI

For many years the amount of pressure in a gun chasixe was expressed

in terms of "thousands of pounds per square inch" or simply psi. 7he

means of establishing this psi figure is more relative than exact and is

kbOwn as the crusher method [3]. IUM outside the an industry tended

to interpret the psi figure as a specific measurement in pounds per

sqiare inch which, in fact, it is not. 7b eliminate the cotfuion that

arose, a new means of expressing chamber pressure has been adopted by

20



"the a is industry. Mils new terminology "lead Units of Pressure"

(abbreviated L.U.P.) and Coopwer Units of Pressure" (abbreviated C.U.P.)

is now in wide use. A "crusher" is sandwiched between an anvil and

piston which is fitted into a hole, at right angles to and extending into

the dhaber. W=n a cartridge is fired the pressure drives the piston

upwards, squeezing the "crusher" against the anvil. The crusher is then

removed and its length measured by a micrometer to detect the amount of

"crush" that has taken place. Ths meaura~t it then compared to a

table value supplied by the csher nufacturer. ie table converts the

amonKt of crush into a relative value of force (C.U.P. value). 'The

crusher method does not accurately determine absolute chanber pressure

which is a-function of time.

Another method of measuring pressure does measure absolute chamber in

psi by means of a quartz piezoelectric pressure transducer. The trans-

ducer is mounted so that it extends into tie charber and is connected to

a charge gain amplifier. Mie¶ aplifier is connected to an oscilloscope

and the system calibrated such that the pressure car be directly read

off of a picture of the trace displayed on the oscilloscope. This was

the method used to take the pressure measureents in this project.

G. 7H)I OF 7M PRIMR TUE

7he function of the primer tube is to carry the primer ignition flash

past the powder in the cartridge case to the forward or top part of the

powder charge. This starts the power burning at the front of the case

and the burning direction would be from the forward part of the case

toward the rear, rather than frum the rear toware the front as in con-

ventionally primed cartridges. 7he initial ignition of the parder, along

21



with the not inconsiderable power of the primer itself, starts the pro-

Jectile into the bore long before the entire dcarge of the powder is

burned. The projectile, having started up the bore, effectively increases

the volume and thus decreases the pressure. In a conventionally primed

cartridge, the powder is ignited fram the base and most of it is burned

before the bullet leaves the case, thus contributing to the high pressure

peak associated with conventional cartridges.

H. DUPIEX AND TRIPLEX MAWS

By using duplex or triplex loads of pmcders with varying burning

speeds, and placing the fastest burning powder at the base, the inter-

mediate burning powder in the middle, and the slowest burning powder at

the top, the slow burning powder is ignited first, driving the projec-

tile into the bore. As the projectile proceeds down the bore, the pow-

der charge continues to burn toward the rear with the burning rate of

the powder increasing progressively as each successive powder layer is

reached. As the projectile travels down the bore, the increased volume

is matched with a faster burning powder, giving a much more even push

and usable pressure all the way to the muzzle. A pressure-time curve

plotted for such a load lacks the characteristic sharp peak of the con-

ventional round and tends to be more even throughout its ranqe. Ihis

effect would give less case expansion and cooler temperatures at the

throat of the barrel, both of which are important in the design of

autcmatic weapons.
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An irportant fact of loading cartridges in this manner is that the

powder charge must be sufficiently packed so that the multi-layered

charge. does nct shift and mix the various powders. Even with the single

powder charge it is necessary to have the charge reach the base of the

bullet to get uniform ignition of the powder. Any shifting of the

charge can cause erratic muzzle velocities and pressure curves.

2
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Figure 7. Single, duplex, land triplex puwder charges.
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:. EKPE 2 PrXEDI

A. S iV2 OF EVEMS

£MWhile awaiting the arrival of the pressure transducer it was decided

to proceed with the velocity testing portion of the project. Mwe firing

during this portion of the project was conducted using a U.S. M1904A3

rifle of Parington manufacture, with a 24" barrel of uniform twist, one

turn in ten inches and having two lands and grooves. 7he modified for-

ward primed cases were constructed fron standard military .30-06 caliber

rifle cases.

Muzzle velocity was measured by means of a digital ballistic chrono-

graph and a set of screens placed five feet apart. The bullet passing

through the first screen breaks contact and allows the chronograph to

start counting. he the bullet breaks the second screen the chronograph

stops counting. The time of flight of the bullet between the screens is

measured and read out on a visual display using light emitting diodes.

A canputer program (see p.64) translates time of flight measurements into

ft/s readings. The chronograph was checked for accuracy by firing a

series of shots using match amuniticn of known velocity as published by

Frankford Arsenal, and the results were within ten ft/s of the published

velocity.

Upon arrival of the transducer it was mounted in a barrel of .30-06

caliber and the system test fired. Upon extraction of the case it was

found that the charber had bee, reamed to the wrong size and the barrel

was unsatisfactory for experimental purposes. Due to time limitations

the only suitable barrel available was a 7.62mm; this was the barrel in

which the transducer was ultimately mounted. Although the first portion
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of the project had been conducted at an outside range it was decided to

conduct both the velocity and pressure nts in an indoor labora-
tory where power was available for the oscillosoope. It was discovered,

however, that the drorograph wou] not function within the confines of

the laboratory for same as yet unexplained reason. 7hus, the velocity

meamsureents had to be once again taken at the outdoor range, where the

craJonograph functioned properly. 7he independent masurements ware com-

patible since the sane barrels and loads were used in both cases. The

chronograph did function for scme seven rounds indoors before it became.

necessary to conduct the firing outdcors, and these shots were consistent

with those fired at the outdoor range. Although it was desired to obtain

all information on a rifle of one caliber, due to the circumstances only

velocity infnrmation was obtained for the .30-06 while both velocity and

pressure information was cbtained for the 7.62nn.

B. M19STIUCTICN OF THE FOTMM PRIMED CARdGE CASES

A detailed description of the construction of the forward primed car-

tridge cases was deemed necessary because of the difficulties encountered

in initially making the modified cases. The construction process was one

of trial and error originally and the best results were realized from the

following procedures. 7he first sets of cases were constructed fran

standard military .30-06 caliber rifle cases. The cases were deprimed,

primer rockets cleaned and then threaded. The initial cases were con-

structed with 3/32" brass tubes which were threaded with a 4-40 die and

the cases were threaded with a 4-40 tap without first enlarging the flash

hole in the prkaer pocket. The tube was held in a smll vice and the die

%as slowly and carefully used to thread the end, backing off frequently

27



to insure that the threads were not crooked. ¶Te tube was then reuv

from the vice and tried in the case before cuttLng it to size. If the

threads were so long as to allaw the tube to protrude into the primr

pocket the tube was remved from the case and filed to the proper length

with a fine file. Once the tube had been properly threaded it was

replaced in the vice and cut off to 1 5/8" with a razor saw. A small

jeweler's screwdriver with removable blades was mdified to act as a tool

to install the ftiished primer tube. Ine screwdriver was disassembled

and the collet-like jaws were heated to a cherry red with a small torch.

7he jaws were allowed to cool wit% quenching, leaving thae soft enough

to drill. The screwdriver body was then inserted in the vice and drilled

to size with a 1/4" electric drill. To use this tool to insert primer

tubes, the tubes ware inserted in the end of the screwdriver by hand, the

threaded end of the tube out. The collar of the screwdriver was then

tightened down on the tube. 7he tool and tube were then inserted in the

case and the tube screwed into the threads in the primer pocket. By

continuing to turn the tool and gently withdrawing it at the same time

the tube was left firnly screwed into the primer pocket.

After the initial tests it was thought that the small inside diameter

of the 3/32" tube was not allowing sufficient flash to reach the powder

charge to insure cptimum results. For this reason a switch was made to

1/8" tubing. All procedures remained the same, except that now a 6-32

tap and die was used, and flash holes were pre-drilled in the cases with

a 5/52" drill to facilitate the threading of the flash holes.

All .30-06 cases were then primed with CCI Magnum, large rifle primers

and the appxroriate powder charges added. Projectiles used in all con-

figurations were standard 173 grain boat-tail match bullets as manufactured

by Frankford Arsenal.
28



TheFrcoares uc iufacbziin the fmm=d ptimd 7.62 cam

mained the sa with the follW e tiu . The aviw of W. reith

was take to reance the length of the I tdbe to a5 1 mly half

the Lmijd of the cartridge Fte. w the 7.62,m A catridge this

iok:ld cut to be .9 idas. Mhis c as made based sn the ,Iir

results d*ained Mma Mr. Yeith was waxidmg on fanwAz vumin dadin

Ibr]d War 1.

C. Ti~ (W FU A

The firing done with the .30-06 - cmrried cut usi•ng thr iffent

pmaers. 3M 4350, 4320, and 4064 vem used in vayiMg 1t al cm-

binaticms in aUcting velocity data &irIn_ this portiou of the testing.

me firng dane with the 7.62mn was carried cut usig six different

powders. The powders used were IMR 4350, 4320, 4227, 4064, 3031, and 4895.

To gain good cauparative data a lot of 7.62m match a•mition of p n

excelene and umifaity was selected. 7he best available lot was V18,

lot 12015, lake City Azmy hm .mitiw Plaht, This aimitim was issued "

for Woetition at the 1964 114atkinal Matches held at CaQp Perry, Ctio.

2he brochure issued at the Naticnal Matches by the Anny Material Camman

specified that this ammunition cotained 48 grains of IDR 4895 [4). Upon

checking the actual powder charge it was found to c•tain 41.5 grains of

a padder that closely resembled IMR 4320. A charge of 48 grains of

IMR 4895 would rot fit in the cartridge case. Since the tests were can-

parative in nature 0.4. single powder loads were based on the powder with

which the 1964 NM loads were asseirbled. 7he pod3- was referred to

tbrcuqIht the project as t1ie 1964 NM powder.
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Coniiied in the results of the test. I R I Ub -I &ids-

(1M63 U both wilh md icithmprim tube It is believe that th~is

w" 2ý m1 b the Very fi-graiied MjM-a fill~za jIf the - be

in ampi~xabe awans-

Bebx ZeaItS %dth au tdbe rebwim wev cbaie w the

7.62m iniwiaiwu t with the -30-06 anmxzitim. (bly one-prii tudze
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xi _ _ ,_ Em -

a]Daft each lee..msb of tm, m MM *PON,-6 UM

if, I tR siD cw Si of ti*s, anl contm] d-SI viah

%me tfired fm a Wis of me u• aW M in tfle

MOM fie ms. !e fonwij wo v e fizre as ix* in Um

adpw. adate tI 2-

Iad To. 1b. of QW 1 o =,I= -no ai , t_ s

1 W0 m 4350 _±ntL Char-ge, i t*S

2 50 M 4350 tube installe

3 25 DR 4350 top layerw, slamt bminnn
25 DM4064 boU layer, fastest bui

4 17 IM 4350 ftp layer, sldt bm"ri
17 DhM 4329 dmile lay, mom n bnming
17 D 4064 11 layer, fastest burnig

fTable ]a large Prhme 'Tdms DIVB Tabe).

f 5 50 IM 4350 xm ol d gge, no tube

6 50 IMq 4350 tube installed

7 25 m 4350 top Layer, slumst: burning
25 DR 4064 11 ra la-yer, fastest burning

8 17 IM 4350 top layer, Woest burnning
17 DR 4320 middle layer, mediu bmring
17 IM 4064 1 bo-n laer, fastest burning

Table MI Large Primer Tbes (1/180 Tke)

9 .50 MR 4320 cmtbol charge, no tube

10 50 IMR 4320 tube instal-led
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Velciy -" fo .3 33- wr .. .

ic I lod

J.ad 1 J,.a 2

nwft/S lo ft/S

2.06 2427 2.05 2439
2.10 2381 2.10 2330
2.03 2606 2.03 243
2.15 2326 2.02 2475
2.06 2427 2.06 26
2.07 2615 2.06 2651
2.10 2381 2.256
2.09 2392 2.06 2427
2.06 2w?" 2.00 2402
2.06 2606 2.04 2451

Mg. Veloty 2398 Mg. Valeaty 2435

ead 3 la 4

fme f/s now ft/s

2.07 2415 1.91 2618
2.03 2439 1.87 2674
2.00 2500 1.93 2590
1.95 2564 1.95 2564
1.97 2538 1.92 2604
1.94 257n 2.02 2475
2.00 250 1.92 2604
1.97 2538 1.93 2590
2.01 2487 1.91 2618
2.00 2500 1.91 2618

mvg. Velocity 2506 An. Velocity 2596
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Velocity Dita f w .30-06 UsiM I/A Prmer Tabe

IAW 5 lad 6

- ft/s mse ft/s

2.05 2*39 2.02 2475
2.02 2475 2.06 2427
2.04 2451 2.02 2475
2.06 2427 2.04 2451
2.06 2427 2.02 2475
2.05 2439 2.01 2488
2.08 2404 2.01 2488
2.03 2463 2.02 2475
2.08 2404 2.01 2488
2.05 2439 2.02 2475

P g. velcity 2437 mg. velocity 2472

Ina 7 ]ecal 8

Raw f t/s ec ft/s

1.94 2577 1.85 2703
1.95 2564 1.89 2646
1.95 2564 1.87 2674
1.96 2551 1.89 2646
1.94 2577 1.90 2632
1.94 2577 1.88 2660
1.92 2604 1.88 2660
1.93 2590 1.89 2646
1.94 2577 1.89 2646
1.94 2577 1.88 2660

Avg. Velocity 2576 Avg. Velocity 2657
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TW Ila

Velocity Data for .30-06 Using 1/8- Primer nfb

load 9 load 10

ft/s uft/s

1.91 2618 1.87 2674
1.93 2591 1.87 2674
1.89 2646 1.90 2632
1.89 2646 1.86 2688
1.87 2674 1.89 2646
1.86 2688 1.89 2646
1.91 2618 1.84 2717
1.91 2618 1.87 2674
1.89 2646 1.85 2703
1.87 2674 1.86 2688

Avg. Velocity 2642 Avg. Velocity 2674
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B. VEOCClTY DATA FOR 7.62mm CALIBER RIFLE

The velocity data for this portion of the project was taken for ten

different loads, each load again consisting of ten rounds. Testing was

conducted for only one size primer tube (1/8"), and two loads with no

priner bibes were used as reference points. The following loads were

fired as noted in the a,'propriate tables:

TABLE IV

Woad No. No. of Grains Type of Powder Comments

1 41.5 IMR 4895 1964 National Match, no tube

2 41.5 IMR 4895 1964 NM, tube installed

3 43.5 ]DR 4895 1964 NM, tube installed

4 30.0 IMR 4350 top layer, slowest burning
14.1 IMR 4227 bottan layer, fastest burning

TABLE V

5 14.,0 IM R4350 top layr, slowestburning
14.0 IMR 4320 middle layer, medium burning
14.0 IMR 4064 bottom layer,. faststet burning

6 16.1 IMR 4320 top layer, slowest burning
14.8 IMR 3031 middle layer, medium burning
9.9 IMR 4227 bottcm layer, fastest burning

7 20.8 IMR 4320 top layer, slowst burning
14.8 IMR 3031 middle layer, medium burning
6.9 IMR 4227 botton layer, fastest burning

8 14.0 IMR 4350 top layer, slowest burning
14.0 IMR 4064 middle layer, medium burning
14.0 IMR 3031 bcttan layer, fastest burning

%V•lE VI

9 44.5 IMR 4895 1964 NM, without tube

10 44.5 DMR 4895 1964 NM, tube installed
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Velocity Data for 7.62in Using 1/8" Primer Tube

Ioad 1 Ioad 2

msec ft/s imsec ft/s

1.90 2632 1.96 2551
1.90 2632 1.96 2551
1.90 2632 1.98 2525
1.91 2618 1.96 2551
1.95 2564 1.98 2525
1.95 2564 1.97 2538
1.95 2564 2.01 2487
1.9? 2591 1.97 2538
1.91 2618 1.98 2525
1.92 2604 1.96 2551

Avg. Velocity 2602 Avg. Velocity 2534

Load 3 Load 4

msec ft/s IMec ft/s

1.89 2646 1.89 2646
1.88 2660 1.91 2618
1.88 2660 1.92 2604
1.88 2660 1.92 2604
1.90 2632 1.90 2632
1.87 2674 1.89 2646
1.88 2660 1.91 2618
1.91 2618 1.88 2660
1.87 2674 1.90 2632
.1.88 2660 1.89 2646

Avg. Velocity 2654 Avg. Velocity 2631
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TABLE V

Velocity Data for 7.62mm Using 1/8" Primer Tube

load5 load 6

msec ft/s sec Zt/s

2.15 2336 1.93 2591
2.12 2358 1.92 2604
2.12 2358 1.92 260-4
2.12 2358 1.91 2619
2.16 2314 1.94 2577
2.14 2336 1.92 2604
2.12 2358 1,93 2591
2.16 2314 1.90 2632
2.15 2336 1.92 2604
2.13 2347 1.94 2577

Avg. Velocity 2342 Avg. Velocity 2600

load 7 load 8

msec ft/s msec ft/s

1.92 2604 1.86 2688
1.89 2646 1.84 2717

S1.90 2632 1.87 2673
1.91 2618 1.87 2673
1.87 2674 1.85 2703
1.91 2618 1.84 2717
1.90 2632 1.88 2660
1.92 2604 1.86 2688
1.89 2646 1.85 2703
1.92 2604 1.86 2688

Avg. Velocity 2628 Avg. Velocity 2691
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TAWBL VI

Velocity Data for 7.62mi Using 1/8" Primer Tbe

* Iad 9 Ioad i10

nmsec ft/s mec It/s

1.86 2688 1.85 2703
1.85 2703 1.85 2703
1.86 2688 1.87 2674
1i83 2732 1.86 2688
1.88 2660 1.87 2674
1.85 2703 1.87 2674
1.87 2674 1.85 2703
1.85 2703 1.82 2747
1.86 2688 1.83 2732
1.84 2717 1.86 2688

Avg. Velocity 2696 Avg. Velocity 2699
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C. PI•SSUIE DATA FOR 7.62mr CaLIBER RIFLE

Pressure data was obtained for vatch anmmnition both with and without

the primer tube in place, and for a single duplex load and five triplex

loads of various charge configurations. A minimn of five tiue-pressure

curves were taken for each load.

7he oscilloscope was set for tw volts/an or 10,000 psi/an and the

base line or zero pressure line for all shots was as indicated in

Figure 11. The tine or horizontal axis on the oscilloscope was set for

.1 msec/an. Since time of flight in the barrel is apprximately .001

second (Figure 10) the bullet exited the barrel at the right edge of

the photographs with relatively low pressures.

1. 1964 Match Amnunition With and Without Primer Tube

This powder load was reported to contain 48 grains of ]MR 4895,

producing a chamber pressure of 44,000 psi [4). men examined the load

was found to contain 41.5 grains of powder. The average peak pressure

obtained for this load was 40,000 psi (Figure 12).

The same powder charge with primer tube installed averaged

33,700 psi (Figure 13).

An extra grain of powder was added to the conventional case for

a total of 42.5 grains. The average peak pressure for this load was

41,000 psi (Figure 14).

The sawe load of 42.5 grains with priner tube installed averaged

36,000 psi (Figure 15). No velocity data was obtained for this

particular load.

The load was increased another grain to 43.5 grains, and with

primer tube installed the average peak pressure obtained was 42,000 psi

(Figure 16).
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Figure 11. Base line setting for all pressure
readings. Vertical axis (pressure)
scale setting at 10,000 psi/cm.
Horizontal axis (tin-e) scale setting
at .1 msec/mn.

......... .. ...._ .. .... ...... ._

Figure 12. Toad No. 1, Table IV, 41.5 grains
of 1964 NM powder. Average peak
chamber pressure 40,000 psi.

4Reproduced from
42 •_best available copY.



Figure 13. Load No. 2, Table IV, 41.5 grains
of 1964 NM powder with primer tube
installed. Average peak chamber
pressure 33,700 psi.

........... ......................... .......... . . . . . .... .... ... .... .. .

Figure 14. 42.5 grains of 1964 NM powder,
without primer tube installed.
Average peak chamber pressure
41,000 psi.
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-Figure 15. 42.5 grains of 1964 NM powder, with
prixmr tube installed. Average peak
chamber pressure 36,000 psi.

Figure 16. Load No. 3, Table IV, 43.5 grains of
1964 NM pciw'det with prinmr tube
installed. Average peak chamber
pressure 42,000 psi.
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The load was increased to 44.5 grains with primer tube installed

and ths. average peak pressure obtained was 47,700 psi (Figure 17). The

same load without tube exceeded 50,000 psi on all shots (Figure 18).

The exact pressure was undetermined since it peaked off-scope due to the

two volts/an setting and the ten volt limitation of the amplifier.

2. 1968 Match Azmmnition With and Without Primer Tube

No data was available to determine what type of powder was used

in the 1968 match ammmition other than the fact that it was ball type

powder. The saxr. load was used in shots with and without the tube

inserted in the case. Without the tube the average peak pressure

obtained was 39,500 psi (Figure 19) and the readings were very consistent.

With the tube inserted the average peak pressure obtained was

34,300 psi (Figure 20). Although the pressure averaged 5,000 psi lower,

the data obtained was very inconsistent, ranging fram 28,000-42,000 psi.

This may be explained by fine grains of powder dropping into the primer

tube prior to firing.

3., rpupex_ toad 'i-th Priz~orrTube

Only one duplex load was tested and it consisted of 30.0 grains

of IMR 4350 as the slower burning top layer, and 14.1 grains of IMR 4227

as the faster burning bottcm layer. This load was by far the most con-

sistent load tested, every shot having a maximun peak pressure of

48,000 psi (Figure 21) .

4. Triplex Loads With Primer Tube

Five triplex loads were tested using various powder types and

loads. Triplex Load No. 5, Table V, consisted of 14 grains each of

IDR 4350, 4320, and 4064. These powders were layered from top to bottom

45



Figure 17. Load No. 10, Table VI, 44.5 grains
of 1964 NM powder with primer tube
installed. Average peak chamrber
pressure 47,700 psi.

Figure 18. Load No. 9, Table VI, 44.5 grains
of 1964 NM powder without primer
tube installed. Average peak
chanber pressure exceeds 50,000 psi.
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Figure 19. 1968 Ni podcler without primer U3Ie
installed. Average peak &Adta
pressre 39,500 psi.

Figure 20. 1968 MN pcMdr with prime~r tube
installed. Aeage peak dwer
pressure 34,300 psi.
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% th prmer tubm irstalled. Average
-oo d prempue 48,000 pai

Figure 22. Toad M. 5, Table V. Triplex load
with primr tube istaled. ,,erzae

S& er pressure 30,500 psi.
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in OLe of s "quidess," the M 4350 was the "s3laest and
the u i 4064 the "qwdmt _ of the three powders. '2as load gav an

average peak pressure of 30,500 psi (Figure 22).

Tiplex load No. 6, Table V, vas made up of 16.1 grains of

3IR 4320, 14.8 grains of DR 3031, and 9.9 grains of DiR 4227 in

i e s quidmness fhrm to to bottom. This load of 40.8 grains

gave an average pEak pressure of 42,000 psi (Fi1gure- 23).

Triplex load N. 7, Tabl V, ,as made up-of20.8 grains of

E. 4320, 14.4 grains of IM 3031, and 6.9 grains-of D-R 4227 for a

total load of 42.5 grains. Jhis load gave an average peak pressure of

42,500 psi (Fgure 24).

Triplex load No. 8, Table V, consisted of 14 grains each of

DIR 4350, 4064, and 3031. This load of 42 grains gave an average peak Ii

pressure of 34,000 psi (Figure 25).

The last triplex load consisted of 20.8 grains of IMR 4320, 14.8

grains of IR 3031, and 9.9 grains of 3IR 4227, for a total load of

45.5 grains. This particular load exhibited all the classical signs of

excessive pressure including loose primer and difficult extraction. The

pressure exceeded 50,000 psi and it was decided to not test this load

any further (Figure 26).

4
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Figure 23. Load No. 6, Table V. Triplex load
with primer tube installed. Average
peak chanter pressure 42,000 psi.

Figure 24. Load No. 7, Table V. Triplex load
with primer tube installed. Average
peak chaner pressure 42,500 psi.

50



Figure 25. load No. 8, Table V. Triplex load
with primer tube installed. Average
peak chamber pressure 34,000 psi.

I'I

Figure 26. 45.5 grains. Triplex load with
primer tube installed. Pressures
in excess of 50,000 psi resultedin loose primer and extraction
difficulty.
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IV. ON SIONS

A. FINDMINS

1. Powder (harges with Single Type of Powder

hen using a single type of powder of a given grain weight, signif-

icantly lower pressures were obtined-with the forward priming technique,

than when conventional priming techniques were used. Velocities for the

same weight of powder were essentially the same for either priming

technique.

7he above fact allowed the practice of adding small carefully

weighed amounts of additional powder to the forward primed cartridges to

bring the pF.essure curve back to a nonmal level. When the pressure of

both cartridges was again equal, the forward primed cartridge gave the

highest velocity. The same amount of carefully weighed powder could be

added to the conventional cartridge, hcwever the attendant increase in

pressure appeared to be excessive. When more powder was added to the

forward primed cartridge and the pressure gradually brought up past its

original level, but kept within normally accepted pressure limits

(48,000-50,000 psi) for the 7.62mm NATM round, velocities increased to

approximately 2700 ft/s, a gain of 100 ft/s over the original load. The

same nnt of additional powder was added to the conventional cartridge.

This resulted in the sane velocity gain as the forward primed round, but

the pressure exceeded the scale limitation of the grid and the charge

amplifier, in this case, 50,000 psi.

The above results were obtained using a tubular grained IM powder.

The same experiment was performed using the ball powder currently being

used in 7.62rn Match Ammmnition, giving erratic results. Sane very low
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pressure readings were obtained, but some approached the same level as

the cartridge without the primer tube. Efforts were then made to load

the cartridges as carefully as possible by leaving the primer tubes

plugged until the powder charge was properly in place. This practice

gave the same erratic results as the first batch of ball powder car-

tridges. 7he erratic pressure results were felt to be the result of an

unpredictable =ant of the tiny grains of ball powder filtering down

into the primer tube. Further experimentation with bail type powders

was dropped due to time limitations, however, it is possible that san

excellent results might be obtained by using a combustible cover (such

as cellophane) over the end of the primer tube, as some of the lowest

pressure readings were obtained with the ball type powder.

2. Multiplex Pcwder diarges

When relatively slow burning powders of the type normally

associated with the loading of large bore rifles were used (i.e., IMR

4350, IMR 4320, IMR 4064, and IMR 3031) in proportional amounts and

arranged in order of burning speed (slowest burning ignited first) no

problems were encountered and greatly reduced pressures were achieved.

With the .30-06, duplex and triplex charges increased muzzle

velocities a significant amount. Since no pressure instrumentation was

available for the .30-06, unfortunately no pressure data is available.

The 7.62mm achieved much lower pressures, but only at the expense

of reduced velocities. No additional powder could be added using the

powders mentioned in paragraph 1 above, because the maxim•n case volume

had been exceeded.

/
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Switching to faster buning powders for dup]ex and triplrx loads

resulted in higher velocities, but the advantage of low pressure peaks

was lost. One such triplex loading in the 7.62rmi exhibited all the clas-

sic signs of pressure including loosened primer, gas leakage around the

primer, bright ejector mark on the base of the cartridge, expanded case

head and difficult extraction. Further eperimentatin was dropped

along these lines in the interest of safety and practicality.

B. OPINICNS

1. Reduction of Pressare with Primer Tube

The reduction of pressure utilizing forward priming techniques is

believed to be due to several factors. ahe energy of the primer alone is

usually sufficient to propel the projectile a short distance into the

bore. The addition of the primer tube acccxtplishes two things. First it

directs the energy of the primer at the base of the projectile, and second

it serves to ignite the very forward end of the powder charge. This

causes the projectile to be propelled into the bore prior to the complete

cumbustion of the powder charge. This increases the effective volume of

the comrbustion chamber. If the classic formula PV = nRr is taken to be a

valid approximation here, an instantaneous evaluation of the results of

increasing the volume, with all other variables considered to be essen-

tially constant at that particular instant, would of necessity require

that the pressure be reduced.

Onwe the projectile starts to move, the relative volume increases

rapidly, thus fuIrther decreasing the pressure before the powder charge is

comzpletely consumed.
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Lven though the primer tube does o=W saw of the internal

volume of the case, a acdition that should raise the initial pressures,

the distance the projectile is moved &^u the bore prior to the imbis-

rion of the powder charge thare n cxi•ensates for the small decrease

in volume of the oartridge case due to the primer tube.

7he reduction of pressure should also have the added beneficial

effect of ower bore t ratures. A reduction in bore terature would

be very beneficial in cutting down on bore erosion, especially in wapons

with a high cyclic rate of fire.
2. 1&dtiplex Pwer •larges

heoretically it should be possible to adjust the pom3er charge

burning rate so that it would becoue progressively faster as the projec-

tile proceeds down the bore, thus allowing a lowr pressure peak of

longer duration giving the bullet a constant push all the way down the

bore. Mhe fact that higher velocities were obta.ied with the .30-06 and

not with the 7.62nm when utilizing the same powders in similar proporti-rs

(although not in the same amounts, due to the smaller case capacity of the

7.62im) suggests the possibility that there is an optiimu case volume for

a given bore size. The long flat pressure curve obtained with the 7.62mm

(see figure 22) shows excellent promise, but the fact that the case was

filled to absolute capacity precluded the addition of enough powder to

take advantage of pressure reduction in the pursuit of high velocities.

A cartridge the size of the .300 Winchester should provide an ideal

vehicle to prove the theory.

A word of caution is due here. When using charges of several

different burning rates, the charge must be sufficiently capressed to

prevent the charges from shifting or mixing. The second note is one of
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tedmiqie Often cz~essed pmuwcr diarges are mentiumd that jUSt dD

not sem to want to fit in the case. Generally sc darges are I LI

into the case tbrrc a ]cwg tube, and then the case is gently -tapped Cm

the sid near th base o cause the p to ettl. MGen trz~pa

charges are put in it is etimes neessary o tg tbrczgh this p=Oe•zre

for ea layer of paaer.

"ee nhtiplex charge idea deservm further nv it' bc•ie,

time and the lack of a rife of sufficimt case capacity adapted to pres-

sure "nstxwetab prevented extensive research into this aspect of

forard ignitio. 7he mitiplex idea old seem to be idealy suited to

large caliber naval guns, field artillery, and tank gms. Suchgns

already utilize a perforated primer tube and it s1hold pose no great

prCbleM to use a solid primer tube filled with black powder or some simi-

lar highly comIustible material to insure uniform positive ignition.

Cha(Lges of different burning rates could be identifiPe by differnmt

colored powder bags, or the bags miold be nubered in loading sequence.

3. Production dmýi• es and Yfi e

In reality the process of manuacturing small ares ammunition

with primner tubes could be easily solved. A slightly deepened primer

pocket mould allow the use of a tube with a priner pocket sized flange to

be pressed into the case from the rear. 7his wiold allow for rapid pro-

duction and avoid any case or tube threading problems. The tube could be

of thinner gauge metal to cut down on both internal case volume reduction

and total case weight.

A further refinevent would be the construction of the primer tube

out of a corbustible plastic such as cellulose nitrate, treated so that it

would resist ignition by the primer, but would ignite at the oxbustion
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vlocities case such as the 7.62= MM cartridge that bame liitee.

capacity, si te ue cupe intewnal cam om ha ol

homse several additional. grains of -

4. Possible Aiplit

s sugested a , the systm is adaptable to both mU.1 aim

and large bore we ildin t guns, a-ft cannon, artillery,

and naval g . In field artillery rr ent ballistis could be nin-

tained dith a great savings in weight and rability due to the lo

pressures involved. e mounting system and barrels on aircraft cmon,

naval guns, and tanks co~uld be lighter, with an attendant weight savings

for the entire vehicle.

For a given set of ballistics, bore erosion would be less, since

pressure and thus bore I uperatures wuld be less. 7his would allow

higher rates of fire, or with nonaal rates of fire, longer time peris

would be possible before it becam ncessary to reline bores or replace

barrels.

Flat trajectory weapons such as tank guns could be given higher

velocity, extending their effective range and cutting damn on range

estimation error.

C. TGOUM MTIC

It is rectmuended that further research be conducted with forward

priming techniques to include ,mok with duplex and triplex charges with

a cartridge of sufficient case capacity to take advantage of progressive

burning rates of properly arranged pc.der charges. As mentioned before, /

the .300 Winchester should provide sufficient case capacity for a

meaningful research project.
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It is furw"- mucmm=% tht the bre eiWt iw3ud

1O5an artilley j# fv ii rm m, d'tmaf
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MOM A

PJMS~ T. YdSte MW 607A Owxft Pmsrie
Chiarge SMSitilV3ty 0.1M y~li/psi ~ and e W 70,000ps

JWif iexr Kistler ib1 504 tuivesa1 iA1-G~in Chiarge ob-1f-e r.
Pnx=I fun-=alle ouutpt fiM I Pai Per Vt to 50,000ps
per volt fcw mny dmare input fix. A1 PM2 PW Pi Wo iLC pM SW
Pai imPut Senitivity

(~cifc~a~: 1dtrcuix Type- %5A5 ibcx I I mounted with ?blWi

59



oscilloscope andf camera, arpli fier, rifle on mounting

Transducer mounting collar, transducer, anplifier

60I Reproduced from
Ebe~st a~vaýiablfercopY.



Mxmtedtransducer
had~ed to aumlifiJer.

Bullet trap with
stlas shield lcxated
20 feet- f rcxi thle
-21Zzle.

Transducer mountedi in chamber.
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Firing cmxlucted at outdoor range. (1ircrxgrapi * (on
bench) hooked up to scavens located 5 feet apart.

Single Ecreen hoo*-u. Screen consisted of 35xui

film with 'xrithwou~s rretallic paint j,. taxT inside.
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$JOB (2)12.0223.WPl2) 'CULVER BOX C'
D=5.0
F=1O0000.0
S=1.0
N= 5
DO 70 M=1,20
WRITE {6,1000) N
DO 80 J=1,999
V=D- F / S
WRITE (6,2000) V,S

* S=S+1.0
8, CONTINUE

0D=D+i.
70 CONTINUE

STOP
1000 FORMAT ('0',1FREQUENCY RANGE 100,000 HZ',//,' 0,

I'SCREEN SPACING',12,'FOOT',//,' ','VELOCITY FT/S',T40,
2'SCREEN READOUT')

2000 FORMAT (I ',F12.3,T40,F12.0)
END

$GO
6//

i
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