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The frontispiece illustrates a characteristic velocity and pres-
sure curve ploited for different charges as explained on pages
128 and 130, This is a typical curve and does not represent
Hegures published anywhere or for any definite rifle, cartridge or
bullet, It is seen that the velocity curve is virtually a straight
line, thus showing that as the powder charge is increased the
velocity is raised in a proportional amount. Thiz means, there-
fore, that within the limits of the powder charges published,
it iz entirely feasible to estimate the velocity of any other
powder charge by direct proportlons as explained on page 128.

It is seen also that the pressure increase is not a straight line,
nor is it in direct proportion to the powder charge used. The
amount of curvature of the pressures line depends largely on the
characteristics of the cartridge and the particular powder used.
The dqulcker burning powders intended primarily for reduced
loads or mid-range work will show a sharper pressure rise for
a glven charge increase than will the larger graln, slower burn-
ing powders. Consequently, for such faster burning powders,
the maximum pressure level, safe to use, is lower than normal
for the full load of slower burning powders wusually for maxi-
mum loads. At low pressure levels, i. e, when wusing reduced
charges, practically all powders will show relatively small pres-
sure increasés in proportion teo the increass in charge. However,
at or near the maxilmum charges published for a given powder
in any cartridge, the pressure increases at a very rapid rate and
out of all proportion to a unit increase in powder charses as
IMustrated by the sharp upward turn of the carve at its upper
end. This characteristic pressure curve illustrates that hetween
the charges published for any powder, it is perfectly safe to
interpellate or calculate the pressure developed for any inter-
mediate charge by direct proportion which would, of course, be
the same as Iif the pressure values were read off the dotted
straight line connecting two adjacent plotied points. 'This
curve also illustrates that it is dangerous to aitempt to esti-
mate the pressures developed by extrapolation or extending the
pressure curve beyond the maximum charges published for use
with a powder., A few pgrains more powder, or under some cir-
cumstances, even a slicht Inerease over the maximum charge
may develop infinite pressure,

The published powder charges and ballistics obtained repre-
gent actual tests made with present day components. Many re-
loaders seem to go on the theory that the powder charees pub-
lished are actually cut or lowered a grain or two for the baltistics
shown and, therefore, they will play smart and deliberately in-
crease the charge to offset this modesty on the manufacturer’s
part. For Intermediate or low pressure loads it is seen that
this ¢an do no harm in the way of developing dangerous pres-
sures, BUT for full charges or maximum powder charges pub-
Tished, such a mistaken idea may very well result in excessive
pressures with resulting damage to the gun and possible Injury
to the shooter.
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Handloader’s Manual

FOREWORD

THE BASIC ELEMENTS OF
HANDLQOADING.

The reasons for handloading ammunition may be summed
up as (a) permitting one to obtain the greatest possible ac-
curacy from his rifle, pistol or revolver and (b) providing
one with an abundance of ammunition at small expense.
If you have a firearm that you do not shoot as much as you
would like to because of the expense, it will pay you to
reload your fired cartridge cases.

Handloading is not a complicated prnccdurc, nor does it
require a large investment in loading tools. Any person of
ordinary intelligence can, with a few simple tools and the
instructions supplied by their manufacturer, load accurate
and safe ammunition. Handloading is not recommended
for the inmates of insane asylums nor for those who should
be in such an institution.

The novice sometimes has the false impression that an
extensive knowledge of ballistics 1s necessary in order to
load good armmunition. This is perhaps fostered by reading
books on handloading which contain a great deal of data
that is of interest and use to the experimenter or to the
person who wants to know “why,” but it is by no means
necessary to the man whe merely wishes to reload good
ammunition. To the reader who may have difficulty in
separating the essentials from the non-essentials let it be
stated here that reloading consists of replacing a fired
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primer with a new one and loading a proper powder charge
and bullet into the case. One may be able to discourse for
hours on all the subjects relating to the loading of ammuni-
tion but when it comes to actually reloading a cartridge he
pokes out the fired primer and puts in a new one, loads a
powder charge into the case and seats a new bullet—for
that is about all any one can do.

Of course, there are a few details which must be observed
in assembling ammunition in order to obtain the best of
accuracy, but they are very simple things and it is no more
work to load a good cartridge than a poor one.

While economy is the motive that prompts most shooters
to reload their fired cases, it is obvious that reloading would
not be practical unless the resultant ammunition were of
good accuracy. Indeed, the superiority of carefully hand-
loaded ammunition has long been recognized. In justice to
the manufacturer, it may be stated here that it is not un-
common for some lots of factory ammunition to be fully as
accurate as anything the handloader can produce. However,
when match ammunition is produced, especially for long
range shooting, the ammunition manufacturers practically
hand load it. This is a slow and expensive procedure and
such ammunition is often sold at a loss, the manufacturer
depending largely upon the advertising benefits for his
compensation,

To the person who knows nothing of handloading it may
appear strange than an individual shooter without extensive
knowledge of ammunition and with only a few simple and
inexpensive tools can improve on the product of the manu-
facturer who has every facility at his disposal. The answer
to this is not difficult. The very slowness with which hand-
loading is‘done permits a minute 100% inspection of each
and every operation by the person who has the most intimate
personal interest in the result. Furthermore, the reloader
can fit his ammunition perfectly to his own particular fire-
arm. When ammunition is reloaded in large quantities by
machine, the resultant product is no better than the average
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of new factory ammunition and is sometimes not as good.

Care in handloading is of far more importance than speed,

and the shooter who constantly bears this in mind will be

rewarded by the supcrior accuracy of his ammunition.
Loading Tools.

The first requirement for handloading ammunition is a
loading tool and such additional accessories that may be
necessary to the purpose. It is not the purpose of this book
to catalogue in detail all of the loading tools that are on
the market nor to analyze or criticise any of them. Any
attempt to do this is very likely to result in comments that
are prejudical to one or another of them, as they arc all
combination tools and compromises are necessary in order
to make them perform all of the necessary operations and
to produce them at rcasonable prices. It is sufficient to say -
here that there is no loading tool in existence that will not
reload good ammunidion if it is used carefully and with a
clear understanding of the results that must be accomplished.

Any person desiring to enter the ranks of the handloaders
will do well to obtain and study the catalogues and hand-
books of the loading manufacturers and to purchase the type
of equipment which seems to suit his particular desires, as
well as his pocketbook. Elaborate equipment is not necessary
and this writer believes that the beginner should purchase
the very minimum of equipment at the start, adding to it
as his particular needs and experience dictate.

A little actual experience in reloading cartridges will be
found more valuable than reading all the handbooks in
creation, and the directions which accompany loading tools
are sufficient to begin on. Without some experience as a
foundation, the comments in handbooks are likely to prove
confusing to the beginner, especially those comments that
go into the more intricate details of handloading. Look
upon books about this subject as correspondence courses on
the subject of handloading. One would hardly expect to
progress very far in the subjects of mechanical drafting or
electrical engineering without drawing instruments or elec-
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trical apparatus with which to work and for the same reason
books should be used in connection with the loading tool.
In short, the only real way to learn how to load ammunition
is to load some ammunition.

The following firms manufacture loading cools suitable
for the use of the individual handloader and in addition
most of them manufacture or can supply powder measures,
bullet moulds and other necessary handloading accessories.
Modern Bond Company, Wilmington, Delaware.
~ Belding and Mull, Philipsburg, Centrc County, Penna.
Lyman Gun Sight Corporation, Middleficld, Connecticut.
Pacific Gun Sight Co., 355 Hayes St., San Francisco, Calif.
Yankee Specialty Company, 851 E. 6th St., Erie, Penna.

The selection of a loading tool is not always easy for the
novice, lacking, as he must, any real knowledge of hand-
loading and often the information he gives the manufacturer
in his initial inquiry is inadequate for the latter to make
better than a general suggcestion as to the equipment. which
will best suit his purpose. Any manufacturer can and will
suggest proper loading equipment if given complete 1n-
formation, and the following facts should be included in
the inquiry:—

1. The make, model and caliber of the arm you intend
to load ammunition for. By *“caliber” is meant the
manufacturer’s designation of the cartridge the arm
shoots. For example, “a Cal. .38 Colt revolver” or “a
250/3000 Savage rifle” would be insufficient. In the
first instance, “.38-caliber” means nothing, as there are
many different .38-caliber cartridges and the correct
name of the particular cartridge as well as the model
of the revolver should be given. In the latter example,
the cartridge is specified plainly enough, but cartridge
cases usually stretch morc in the Modcl g9 Savage
than in the Models 20 and 40 made by the same
manufacturer and they therefore may require different
treatment and different equipment in order to reload
them satisfactorily.
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2. You should also specify whether you wish to reload
ammunition with cast bullets, or with factory metal
jacketed bullets, or both, as in some cases this also
has considerable bearing on the type of equipment
necessary.

3. It will do no harm to mention the main purposc for
which you intend to use your loaded ammunition;
that is, whether for short or mid-range target shooting,
small game or vermin hunting, long range military
target shooting, or what.

If you will always give the manufacturer this information

it will aid him materially in suggesting the particular items
that you will need in order to best accomplish your purpose.



PART ONE

Cartridge Components

Chapter One
THE CARTRIDGE CASE.

The cartridge case is the primary component with which
we have to dcal in reloading ammunition and its condition
after firing, as well as its care, are of importance to the
safety and accuracy of our reloaded ammunition. Early
attempts to make breech loading arms were largely unsuc-
cessful up to the time the cartridpe case was invented, for
despite attempts to seal the breech with carefully fitted
parts, gas would escape from there in close proximity to the
shooter’s face, a condition conducive neither to comfort,
safety, good shooting or good ballistics. The brass cartridge
case solved this difficulty because the thin walls of the case,
pressed firmly against the chamber walls by the expanding
gases, made a perfect “obturator” or gas seal and effecrually
prevented-any escape of gas to the rear. THE CARTRIDGE
CASE SHOULD ALWAYS BE THOUGHT OF AS A
PART OF THE ARM IT IS FIRED IN and not merely
as a convenient container for transporting charges and
loading them into the gun.

For a better understanding of this function and the
development of this important component, let us bricfly
look into its history. One of the first breech loaders that was
considered as reasonably successful was the Sharps. This
arm has a vertical sliding breech block which fits closely
against the rear face of the barrel. It used a linen cartridge
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containing the bullet and powder, but was fired by a per-
cussion cap. The cartridge, when inserted in the chamber,
projected enough so that the sharp edge of the breech block
sheared off the rear of the linen envelope in closing, leaving
the powder exposed to the flash of the cap. When the arm
was fired there was more or less escapage of gas to the rear,
causing erosion of the metal surfaces and consequently a
continual increase in the escape of gas.

Another early breech loader was the German Dreyse or
“needle gun” used by the German Army in the Franco-
Prussian War. This was a single shot, bolt action rifle using
a fabric cartridge which was peculiar in that the primer
was placed at the base of the bullet and was fired by a long,
sharp needle that penetrated the powder charge. There was
a considerable escapage of gas through the bolt of this rifle.
The French picked the idea up and improved upon it mn
their Chassepot rifle by incorporating a rubber gasket or
washer in the bolt which expanded and formed a gas seal
under the pressure of the powder gasses, however the sul-
phur in the powder quickly hardened the rubber and made
it incfective.

Other noteworthy advances were the Boxer cartridge used
in the British Snider rifle and the French Lefaucheux or

“pin fire” cartridge. The former employed a rimmed case

The Lefaucheux Cartridge.

of more or less conventional form, having a body of coiled
brass and a separate head of cast iron. The latter was de-
signed like the sketch shown herein, having a self-contained

firing pin that projected from the side of the base. Arms

using this cartridge had a notch in the breech of the
chamber to accommodate this pin, which was struck by the

%
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THE CaArTRIDGE CASE 3

hammer and driven against the internal primer. The Le-
faucheux cartridge was not particularly convenient to
handle, transport or load and was dangerous if dropped.
The first one piece, drawn brass cartridges cases of the
type with which we are familiar were made of thin brass
with the heads or rims bent or folded, much as our present
rim-fire cartridges are made today. The brass was so thin
that it was usually necessary to employ a reinforcing band
of brass inside the case, near the head, to support the strain

The original folded head case,

at this point. These were the original and true “folded head”
cascs, but they could not be resized as the heads were teo
thin to stand driving out of a resizing die. This type of
case has not been manufactured for many years and is not
likely to be encountered now, except in obsolete cartridges
of considerable age. Because these early cartridges were ex-
pensive, reloading was universal and most arms manufac-
turers supplied reloading tools for the users of their arms.
Winchester, Remington and Smith & Wesson made their
own, but Colt scems to have catalogued and supplied Ideal
reloading tools to the users of their revolvers.

Naturally, the rcloaders of the time were not satisfied
with the thin, folded head type of cartridge case. The
corrosion caused by the use of black powder quickly
weakened the brass, the expansion of cases due to firing
was severe and they could not be resized. There was, there-
fore, a universal demand for a stronger case that would
overcome these objections, so the solid head type of case
was developed. This type was drawn out in the form of a
cup, the walls of which increased in thickness towards the
bottom, this latter being the thickest part. This bottom, or
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base, was later mashed or cold forged to form the rim,
while the primer pocket was bent or forced into the metal
of the head, just as it was in the older folded head case.
The difference in the primer pockets of these two types
of case was practically in the thickness of the metal, and in
both types the formation of the primer pocket created a
raised hump on the inside of the head of the case. Strangely
enough, this cartridge casc that was once hailed with joy
by reloaders; this case that came in boxes boldly labeled
“solid head,” and with directions that extoled their virtues
for reloading purposes, are today known as “folded head”
cases. The term “folded head” is not a correct one to apply
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The orlginal solid head case—today known as the folded head.

to them, as a comparison of the cross sections of the differ-
ent types of cases shown here will make it clear that their
heads are not really folded at all. Nevertheless, the term is
in common use and throughout this book the term “folded
head” will be used in referring to this type of cartridge
case, unless explained to the contrary.

But this new case had its limitations also. It was satis-
factory with black powder loads, which rarely developed
pressures of more than 30,000 lbs. per square inch. When
smokeless powder came into use and chamber pressures
were increased up to 45,000 and even 50,000 lbs. per square
inch, thicker and stronger case heads were necessary. During
this period of transition the Ideal Everlasting case was
brought out.

The Ideal Everlasting case was a drawn brass case with
thick side walls, much thicker than commercial cases of
the time, and with solid heads, as we employ the term
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today. That is, the rim and head of the case were one solid
mass of metal, with the primer pocket forged or mashed
into the brass, without indenting the interior of the case at
all, Incidentally, these cases often had the primer pockets
carefully reamed to size. The walls of Everlasting cases
were too thick to permit crimping and they were only
suitable for use in single shot rifles. They were expensive,
but were practically “everlasting” when properly cleaned
and cared for after firing. The illustration here shown is of

The Ideal Everlasting case. Modern s50lid head cases of today
are made on thls principle.

a .40/90 Ballard Everlasting case, it will serve to give an
idea of the heavy structure of Everlasting cases, which were
only made for straight or straight taper chambers. The
thickness of these cases depended upon c¢hamber and bullet
diameters. _

The use of solid head cases became general for all smoke-
less rifle cartridges developing high pressures, In recent
years, with the development of the so-called high speed
revolver cartridges, the use of solid head cases has been
extended to some revolver calibers and the folded head
type is fast disappearing.

In this rather sketchy description of the development of
the cartridge case, there has been no purpose other than to
show that this component has been improved and strength-
ened from time to time with the object of holding in the
powder gasses, which is the primary funciion of a cartridge
case. The chamber and bolt or breech block of an arm are
insufficient to do this and these parts only act as supports
for the case, which is in reality a part of the arm it is fired
in and T repeat that it is important that the handloader
always view the cartridge case in this light.
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How Cartridge Cases Are Made. Cases are still
made of brass as this material can be easily obtained, it has
the neccessary strength if properly worked and it can be
fabricated more cheaply than some other metals. Steel can
and has been manufactured into cartridge cases but while
steel is a much cheaper material than brass, it is far more
expensive to fabricate and the high manufacturing cost
much more than offscts any saving in the cost of the raw
material. Incidentally, the use of steel cartridge cases would

FOLDED HEAD SOLID HEAD

Modern styles in case manufacture.

greatly increase the strength and safety of our present rifles,
but is unlikely that this gencration will see any steel cases
used for commercial ammunition, unless some cheaper
method of manufacture than we have at present is devised.

A detailed description of cartridge case manufacture
would be of little practical use to the reloader but some
understanding of the process and of the physical nature of
the finished case is necessary in order to understand. the
changes that take place when the case is subjected to the
strain of firing.

The general process consists in blanking out discs from
strip brass and forming the discs into cups. These cups are
forced or drawn through successive dies which elongate
them, at the same time reducing their thickness and
diameter. The heads and primer pockets are formed by cold
forging the bases of the cups and the rims or extractor
grooves are turned. The cases arc given the proper taper
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or bottle-neck form by forcing one or more dies of the
proper shape over them, after which they'are trimmed to
the correct length.

The severe stresses and strains that cartridge cases are
subjected to when fired, makes it necessary to use only
brass of the highest quality in their manufacture for, it
must be remembered, the cartridge case is part of the arm
it is fired in and the safety of the arm and the shooter
depend largely upon the strength of the case. The usual
alloy used is about 70% of copper to 30% of spelter (zinc)
and every care is taken to exclude impurities and other
metals. In foundry parlance, “cartridge brass,” means just
about the finest brass that it is possible to procure.

Brass, when etched and viewed under a microscope, ap-
pears as a crystalline structure. The size and form of the
crystals depends upon two things; cold work and annealing.
Working, that is, drawing, bending or compressing brass
while it is cold, hardens it by stretching or compressing the
crystals, while annealing softens it, causing the crystals to
re-form. The greater the heat and the longer its duration,
the larger the crystals become,

In manufacturing cases, it is necessary to anneal the cups
between each drawing operation and also before they are
tapered or finish-formed. These anneals are carefully worked
out with relation to the amount of cold work to be per-
formed after them, so that the finished case will have the
proper degree of hardness. The case must not be too hard
or it will rupture when fired. On the other hand, if it is
too soft it may give way when fired, ruining the rifle and
possibly the shooter as well. All parts of the case are not
of the same degree of hardness. In general, the head is of a
tough, coarse structure, with the side walls gradually in-
creasing in hardness towards the mouth of the case. The
physical characteristics of different calibers are not the same,
as cach one presents its own metallurgical problems. How-
cver, what we are interested iIn knowing here is, that a
cartridge case has a crystalline formation, that it is carefully



8 Hanproaper's ManuvaL

made to give it the proper strength and that both of these
factors can be changed when the cartridge case is fired,
although they normally are not.

The Cartridge Case and Its Chamber.

As the cartridge case is a part of the arm it is fired in, it
is necessary to understand and to give some consideration to
the arm, in order to understand the changes that take place
in the case when a cartridge is fired. This change may be,
and normally 1s, negligible, which has given rise to the
general statement that cartridge cases are just as good and
serviceable after firing as they were before, This statement is
substantially correct, but not literally so, because some
change does take place during the firing. It is perfectly
obvious that if no change took place the first time the case
were fired there would be no change the second time and
so on ad infinitum. The kind and amount of change de-
pends principally upon four things; the relation of the size
and shape of the case to the chamber it is fired in, the pres-
surc developed within it, the thickness and temper or
hardness of the brass itself, and the products of combustion
that are left in the case after firing. Any of thesc things
or any combination of them can, under some circumstances,
render a cartridge unsafe for reloading . . . but they
usually don’t.

Relation of Cartridge to Chamber. The chamber
of an arm is the recess provided in the rear of the barrel or
cylinder to receive the cartridge. As cartridge cases are made
of springy brass, it is impossible to make them all exactly
alike and the cases of cach caliber will, if measured very
carcfully at all points, be found to differ slightly. This vari-
ation in dimensions will not only be found in different
makes of cartridges of the same caliber but are present in
cartridges of the same make and even among those from
one lot produced on the same machines. The uniformity in
dimensions of all calibers of our American ammunition is
truly remarkable and the little differences referred to here
are what are known as manufacturing tolerances, or the
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slight differences that can be permitted without affecting
the serviceability of the finished product. The smallest car-
tridge of any given caliber is known as a minimum car-
tridge, while the largest permissible cartridge is called a
maximum cartridge. The differences in any of the dimen-
sions between the two will ordinarily not exceed a few thou-
sandths of an inch. . '

Chambers and Chambering. The chamber of a rifle,
or the recess in the rear end of the barrel into which the
cartridge enters, has a great deal to do with the accuracy of
the arm. The reaming of chambers is one of the exacting
operations of arms manufacture, calling for the utmost skill
and care, While it is possible, with modern machine tools,
to chamber arms accurately and at the same time quite
rapidly, ncvertheless the work must be done by men who
have had long experience with it. Perhaps it can best be
said that the work of chambering showl/d be done by men
of long experience, for we sometimes encounter chambers
that would reflect discredit on the village blacksmith.
Naturally, the price of the rifle has something to do with
this and a cheap arm that is hacked out to sell at a low
price can not be expected to have the careful and painstak-
ing workmanship that is put into the production of a more
expensive one,

Chambers are made after the barrels are reamed and
rifled, and they are formed by a series of reaming opera-
tions. The breech of the barrel is drilled out to remove
excess metal, after which one or more roughing reamers are
run into it to the proper depth, to bring the chamber
approximately to shape. These first operations leave the
chamber too small at all points and do not go in to the
full depth of the finished chamber. The character of the
surface of the chamber is of no importance at this stage.

The chamber is brought to its finished size and shape by
the use of additional reamers, each one of which removes
only a small amount of metal. The difference between the
finishing reamer and the one that precedes it is often little
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more than a thousandth of an inch. This final reaming
must be done with great care and with a carefully stoned
reamer, in order to give that very smooth surface to the
chamber which is so necessary to the casy extraction of fired
cases. '

So called straight chambers, like those for revolver
cartridges, are the easiest to make, while bottle-neck
chambers for rimless cartridges offer the most difficulty;
especially where the type of arm requires that the barrel be
finished chambered before it is assembled to the receiver, as
in lever action rifles. Barrels for bolt action rifles, as a rule,
have the chambers left a few thousandths of an inch too
short, After the"barrel is assembled to the receiver, the
chamber 15 reamed by hand to bring it to the proper depth
with relation to the bolt, so that the head space will be
correct. This head space reaming is confined almost entircly
to chambers taking rimless cartridges and where the design
of the rifle permits it, it can be done more precisely after
the barrel is fitted to the receiver than before.

Chambering reamers, like all others, must be sharpened
from time to time and this sharpening or stoning gradually
reduces their size and, to a certain extent their shape
until they can no longer be used. A finish reamer, which
gives the chamber its final size and form, when worn out,
is usually reduced in size and used on the next preceding
aperation, but between the time it is first put in usc and the
time it is worn out there is a difference in the sizes of
the chambers cut by it. Slight differences will exist without
any change in the reamer itsclf, so that the production of
two or more chambers that are exactly alike is a matter of
chance. In addition, no two reamers are exactly alike, ex-
cept by chance and different manufacturers may have
different ideas as to the chamber form and taper they wish
to use, which is influenced by the nature of the arm being
made. Ordinarily, the greater the taper of the chamber, the
easier the extraction of fired cartridge cases will be and a
little more taper is necessary in the chamber of an arm
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having a limited amount of power or leverage for extracting, .
than in a bolt action rifle having a powerful camming action
for the extraction of fired cases.

It is not the intention to go into the details and problems
of chambering here, but the reloader should understand
that chambers of the same caliber differ considerably be-
tween makes and models of arms and also, to a lesser extent,
in arms of the same make and model. It should also be
understood that the mere fact that a chamber appears to be
large and permits a visible expansion of the cases fired in
it, does not mean that the arm is poorly chambered. Such a .
chamber may be necessary to the proper functioning of that
particular arm and is to be distinguished from a poor
chamber,

Head Space.

While the chamber proper supports the walls of the
cartridge casc against the severe stresses incident to firing
the cartridge, the total over-all length of the chamber, in
relation to its cartridge, is governed by the bolt or breech
block that closes it and supports the head of the cartridge
case. In other words, the location of the face of the bolt or
breech block, governs the head space of the arm.

The head space of an arm is the distance from the surface
of the chamber or barrel, that positions or prevents further
forward movement of the cartridge into the chamber, to the
face of the bolt or breech block when the latter is fully back
against the shoulder that supports it. Rimmed cases are posi-
tioned by the rim which bears against the rear face of the
barrel or, in the case of revolvers, against the rear surface
of the cylinder.

Rimless cases present a special problem for, as their name
indicates, they have no rims to act as a stop against their
forward movement into the chamber. The shoulder of the
case serves this purpose, therefore the head space of a rifle
for a rimless cartridge is the distance from the beginning of
the shoulder of the chamber to the face of the bolt. The
measurement of head spacc is taken from the beginning
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of the shoulder, because the angle of the chamber shoulder
~ and the angle of the shoulder of the cartridge case are not
the same, the former being the less abrupt of the two.

There is usually a small amount of play between the face
of the bolt and the rear of a rimmed cartridge, when the
latter is in the chamber. The clearance must be sufficient to
take cases of maximum rim dimension, plus a small allow-
ance for the occasional thick rimmed case that will always
get by the inspectors once in a while. Consequently, with
cases of a minimum rim thickness there will be several
thousandths of an inch clearance between the head of the
case and the bolt, The rim of the case, being of solid metal,
can not be compressed and if the fitting of the bolt were
too close, it would frequently be impossible to close it on
the cartridge.

The situation is different with rimless cases. The head
space may be greater than the shoulder to head length of
the cartridge but it may also be, and frequently is, less. The
bolt will close on a rimless case that 15 longer than its cham-
ber, because there is an opportunity for the shoulder to give
slightly under the pressure of the bolt, or the case walls
may spring out slightly, or both. Furthermore, as a new
cartridge is always smaller than its chamber, its forward
movement into the chamber i1s not stopped precisely at the
beginning of the chamber shoulder. For these reasons, the
head-to-shoulder length of the cartridge may be greater than
the corresponding length of the chamber and still have the
arm function satisfactorily.

When, due to the set-back or wear of the locking surfaces
of a bolt or breech block, the head space exceeds the maxi-
mum limit set by the manufacturer of the arm, the arm
is said to have excess head space. Many people are under the
impression that “excess head space” indicates a dangerous
condition, just because a few arms having this condition
to an abnormal degree have been known to blow up. This
idea is fallacious, for it is obvious that no reputable manu-
facturer is going to put out arms that are on the ragged
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edge of being dangerous. The maximum limits of head
space for all rifles are established so as to leave a very liberal

margin for any increcase that is likely to occur through
ordinary usage.

Influence of Head Space on the Case. The
diagram on this page shows the points from which head
space measurements are taken for both rimmed and rimless
cartridges. It will be observed that most of the solid head
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of the rimmed case is well within thc chamber, while only
a small part of the solid head of the rimless case enters the
chamber. It will also be noted that the necks of the cases
(new cases) do not reach the forward end of The chambers.
This clearance is provided to insure proper functioning of
the arm, even if an occasional case of extra length is loaded
into the chamber. It also provides for smooth operation in
spite of any minor fouling of the chamber.

When a cartridge is fired and the burning powder begins
to build up pressure in the chamber, the thin walls of the
case expand, gripping the walls of the chamber. If there be
any cxcess head space, the blow of the firing pin will usually
drive the cartridge forward, Jeaving a space between the
face of the bolt and the cartridge head. With the walls of
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the case gripping the chamber walls, the hcad of the case
will be driven back against the bolt. This will stretch the
brass to a greater or lesser extent, depending upon the dis-
tance that the head moves. The point of strain is usually at
about the location of A and B on the sketch, although it
may occur further forward. This stretching will thin down
the brass in the walls of the case and weaken it and if the
excess head space or the movement of the case head to the
rear be great cnough, a complete head separation will occur.
When there is a partial or complete separation of the head
of a case at high pressure, there is a possibility of injury to
the arm, the shooter, or both, but often therc is enough of
the side wall left to act as an obturator and stop most of
the gas. This is especially true of the rimmed type of case,
which has practically all of the solid head within the
chamber. Such gas as may escape to the rear is deflected by
the rim of the case, so the separation of the head of a
rimmed case seldom results in injury of any kind to the
arm or to the shooter.

With rimless cascs, the situation is not so good. The point
where the head uvsually separates is so close to the end of
the chamber that the likelihood of gas escaping to the rear
is much greater than with the rimmed case. In addition, the
rimless case has no rim to deflect this gas, which, in bolt
action rifles, will come back through the bolt, causing eyc
burns or perhaps more serious injury, accompanied by the
- wrecking of*the rifle. This can also happen with some lever
action rifles, except that one is relatively safe from eye
burns with rifles having solid or completely enclosed actions.
However, such rifles are harder to head space accurately and
when a head separation is accompanied by the escapage of a
considerable amount of gas az high pressure, the shooter is
in for trouble regardless of the kind of rifle he is using, for
no arm is safer than the cartridge cases used in it.

Assuming that the head space is not great enough to
cause a head separation, the cartridge case will be stretched

and expanded to fit the chamber perfectly. If it is not resized
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or if it is only resized at the neck, the head will be in perfect
contact with the bolt the next time it is fired and there will
be little or no further stretching of the case. Naturally,
excess head space will cause the case to lengthen, will reduce
the thickness of the side walls near the head and there 1s no
way of returning the strained part of the case to its original
condition. If the case is resized full length, it will merely
set the shoulder back the same distance that the case
stretched and will give the case the same clearance between
the head and the bolt that it had originally. When fired
again, the head will set back again and the side wall will
be further weakened or may even tear apart. Mercuric
primers will aggravate this condition, as the mercury will
penetrate the strained brass rapidly and render it brittle and
uscless, even at low pressures.

If you have a rifle in which head scparations occur with
factory loaded ammunition, it is a pretty good indication
that the arm has an excessive and dangerous amount of
head space and you should communicate at once with the
manufacturer regarding its repair or adjustment,

Cartridge cases loaded with high pressure loads will
lengthen even though the bolt or breech block be in firm -
contact with the head of the case. The brass is forced
forewvard and while this does not ordinarily result in any
weakening of the case, there are exceptions to this general
rule. It may be a matter of chance or it may be due to soft
spots in the case but occasionally a case wall will be weak-
ened from this cause. The strain, if any, may occur any-
where from the shoulder back to the head of the case. A
few years ago, the writer conducted a series of experiments
for the Cuban Army, in order to determine the approximate
rate of elongation of the .30-06 cartridge case. Some .30-06
ammunition was fired in a rifle having the minimum head
space of 1.940 inches, then ammunition from the same lot
was also fired in another rifle having the maximum head -
space of 1.946 inches. The cartridge cases from each rifle
were kept separate and were rcloaded with the Model 1906
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bullet and a powder charge developing 2,700 f.s. muzzle
velocity, at a pressure of 49,000 lbs. per square inch. After
cach firing, the cases (each one stamped with an identifying
mark) were measured for increases in length and were
resized so the body length was 1.9487 inch.

The cases fired in the riflc having minimum head space
showed an average elongation of .027 inch after four reload-
ings plus the original firing, while those fired in the rifle
with maximum head space showed an average elongation
of .035 inch with the same amount of firing. The only case
which showed any localized weakening was thin as paper
at the shoulder, but this case might have been thin at this
point originally. Practically all of the cases were increased
in length so their mouths were jammed into the forward
end of the chamber after the fourth reloading but, with
the one :xccptmn mentioned, all could have been made
serviceable again by trimming back to their original length.

Cases will elongate when reloaded with full chargts If
this elongation prevents the free entrance of the case into
the chamber, the mouth of the case can, without harm, be
filed or reamed enough to shorten it slightly. Reamed is
preferable,

Some rifles have bolts or fairly long breech blocks that
lock at the rear end, instead of at the front immediately
back of the cartridge. Such arms, while perfectly safe, permit
cases to stretch noticeably when fired with high pressure
loads. The bolts, being supported at the rear, have a ten-
dency to spring or buckle slightly under the thrust of the
cartridge head and it is not infrequent that a high power
cartridge case from such an arm will fail to enter its own
chamber again, at least it will not go in far enough to permit
the action to be closed. This stretching produces a condition
similar to that caused by the presence of excess head space
and where this condition is encountered, it is advisable not
to reload the fired cases with full loads. The cases must be
entirely resized to be used and with full loads the stretching
will be repeated, which may lead to head separations.
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Expansion of Cartridge Cases. It has been pointed
out that cartridge cases of the same caliber will vary slightly
in their dimensions and that chambers of the same caliber
will also vary. These variations are remarkably small but
they do exist. It is obvious that the smallest chamber of any
given caliber must be large enough te take the largest
cartridge made for it and, conversely, in manufacturing the
ammunition, the maximum cartridge must be kept within
the size of a minimum chamber of that caliber. When a
maximum cartridge is put into a minimum chamber there
will be a small clearance between the two, that is, the un-
fired cartridge will enter and extract from the chamber
freely. However, when a minimum cartridge is put into the
same chamber the clearance is greater and, if we make the
same comparison with a maximum chamber it is easily seen
that the clearance between cartridge and chamber 1s still
further increased. ”

When a cartridge is fired, the internal gas pressure forces
the walls of the case firmly against the chamber walls and
after the bullet has left the bore and the pressure drops to
zero, the walls of the case do not go back to their original
position, The case will have taken on a permanent set and
expanded to perfectly fit the particular chamber it was fired
in. The springy nature of cartridge cases cause them to
spring back slightly after the pressure drops so that they
may be extracted easily and in most instances they will re-
enter the same chamber without difficulty. As already ex-
plained, if there 1s spring or set back in the bolt ar breech
block, the case may elongate in a way that will prevent its
re-entering the same chamber again without resizing, but
elongation and lateral expansion are two different things
and they affect the cartridge case differently.

In any normal commercial or military chamber the ex-
pansion that takes place in the cartridge case is unimportant,
except that it is smproved in as much as it is now a “tailor
made™ case, htting its particular chamber more perfectly
than it could be made to fit by any other means. If it has not
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been weakened by stretching, the case may be reloaded with
charges approximating the original factory charge, or at
least the original factory pressure. On the other hand, if
cither the stretching or the expansion is excessive at any
point, the case should be used only for reduced loads, or
discarded if the condition is bad enough.

Split Necks. Excessive expansion at the neck may
cause a split or opening to occur at that point. Occasionally,
and particularly in old ammunition, cartridges may be
found with the necks split, due to season cracking. These
split necks may be visible or they may split under the stress
of firing, There is no danger connected with the shooting
of cartridges having split necks, but their continued use is
likely to cause some erosion of the chamber neck which
may lead to extraction difficulties. If such ammunition is
used, a loaded cartridge should never be extracted from the
chamber without making sure that the bullet does not
remain in the barrel. Should the bullet remain in the bar-
rel, it might be possible to seat another cartridge having a
loose bullet behind the first one. Forcing the second bullet
back onto the powder charge would increase the loading
density and cause a rise in pressure, to say nothing of the
great increase in pressure that would result from the weight
and resistance offered by two bullets. Under such circum-
stances, if the arm were discharged, the barrel would be
ruined and the pressure might be sufficient to cause the
cartridge case to give way at the head, wrecking rifle, The
usual effect of firing two bullcts at the same time is to ring
or bulge the barrel. The rear bullet starts out at a greater
velocity than the forward one. The resistance offered by
the forward bullet causes the point of the last and the
base of the first bullet to expand violently at some point
along the barrel and the radial pressure is sufficient to ex-
pand the steel outward. This makes a visible, dark ring
in the barrel and may cause a bulge on the outside. Occa-
sionally a barrel will split lengthwise from this cause. Lead
bullets can make just as nice rings in a barrel as jacketed
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bullets, and high pressurcs or velocities are not necessary to
do it either. The lowly .22 rim fire cartridge can ring a
barrel beautifully, if two bullets are fired at one time. In-
cdentally, ringing a barrel in this way will not affect its
accuracy, at least, this writer has rninged a few barrcls and
has shot quite a few others that were ringed and has never
observed any loss in accuracy from this cause, But, as far
as cartridges with split necks are concerned, by far the best
policy is to not shoot such cartridges. The bullets and the
powder from them can be salvaged and loaded into good
cases with very little effort and expense.

Season Cracking. This condition arises from internal
stresses in the brass itself. If brass is too hard it may crack
spontaneously in time, especially in hot climates or if sub-
jected to corrosive gasses, also long continued strain of any
kind may cause it. Season cracking is not a condition that
occurs only in cartridge cases but is more or less common
to all drawn brass articles. The condition is most frequently
encountered in the form of split necks in .30-06 ammunition
manufactured during the World War. This ammunition
was made hurriedly and with the belief that it would be
used within a relatively short period of time. The necks of
most of the cases were quite hard and under the strain
imposed on them by holding the bullets under tension, the
necks were apt to crack after a time. Since the war, the
necks of practically all cases of rifle ammunition have been
subjected to an additional annealing process that relieves the
internal stresscs, without rendering the brass too soft to hold
the bullets properly. This makes the case necks better able
to withstand the repeated reducing and expanding that is
often necessary to properly reload them. Season cracking in
small arms ammunition is practically a thing of the past
and is only mentioned here as being of casual interest.

Body of the Case. Practically everything that has
been said above with regard to the expansion of the necks
of cartridge cases applies to the expansion of the body of
the case as well, If the case is of the straight or cylindrical
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type, the body and neck are continuous and in this type
the term “neck” is applied to that part of the case that is
normally occupied by the bullet. In a straight taper case,
such as the .32-40, .38-55, .45-go, etc., there is no definite
line of demarkation between the cylindrical neck that holds
the bullet and the tapered body. The distinction is very
definite in the bottle-neck case, but in referring to the
“body” we mean that part of the case between the neck
. or shoulder and the head, or the part of the case that con-
tains the powder charge.

The degree of expansion of the body usually determines
whether the case must be completely resized before reload-
ing or not, The resistance offered by an excessively expanded
neck is not of itself sufficient to offer difficulty in extracting
the case from the chamber. All cases are not of the same
degree of hardness or “springiness.” The product of any
one manufacturer will be found to run quite uniform, but
there is often a considerable difference in the cases of dif-
ferent makes. Soft cases will not spring back from the cham-
ber walls quite as much as harder cases and if soft cases
are reloaded with full charges they are apt, after one or
more reloadings, to be not only difficult to extract but also
difficult to re-enter in the chamber in which they were
fired. The remedy is to resize them in a suitable die and
in doing this it is a good rule to only resize them enough
to permit their entering the chamber easily. The complete
resizing of cases should be avoided wherever possible, for
reasons that will be explained later.

Splits or ruptures may occur in the bodies of cartridge
cases; splits from excessive expansion, hard brass, defects in
the brass or a combination of these things. Ruptures in the
bodies of cascs (except near the heads) are usually due to
manufacturing defects and arc of rare occurrence. Neither
of these defects will cause injury to the arm or the shooter,
provided that the break does not occur close to the head.
The body of the case is, “just the part in between.” The
relation of the case neck to the neck of the chamber is of
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The distance from the face to the rear of the locking lugs is the
most important dimension on a rifle bolt and i3 held very close,
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Split and ruptured cartridge cases.
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importance to accuracy as will be explained later, while
the head, and the body for a short distance in front of it,
takes much of the stress of firing and is important from a
safety standpoint. The body just connects these two parts
together and no harm is likely to occur if it splits.
Cartridge Case Head. In referring to this part of
the case, it is intended to include that part of the body just
in front of it where the side walls are thickest. Being the
(ARTRIDCE BODY -

i
i e R B
=,

HEAD CANNELURE SHOULDER
The Cartridge Case.

safety end of the cartridge, this part is worthy of the
special attention of the reloader. In addition to sealing in
the gasses, it contains the primer pocket and flash hole, or
vent, and it is the part by which the case is extracted from
the chamber. If a rimmed case, the rim serves to position
the case in the chamber and affords a solid support to the
blow of the firing pin, a more solid and satisfactory support,
by the way, than the springy shoulder of the rimless case.
Heads may be of the solid or the so called folded head
types, the former predominate in present day ammunition,
the latter being principally confined to revolver cartridge
cases. Even in the latter there is a gradual swing toward
the solid type of head, made necessary by the high speed
loads with which some revolver cartridges are now being
loaded. These loads develop pressures above the 15,000 lb.
limit that is the accepted maximum for usc in folded head
cases and it is quite probable that in a few years time the
folded head case will become a thing of the past,

The thickness of solid heads will run uniform in any one
lot of ammunition and generally in one make of a given
caliber, but a considerable difference in the thickness of the
heads, as well. as in the thickness and taper of the side
walls, may be feund in different makes of the same caliber.
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As the outside dimensions of these cartridges must be kept
the same, within close manufacturing tolerances, any in-
crease in the thickness of the head or the side walls will
result in a decrease in the volume of the cases. If two
cases having different volumes are loaded with the same
powder charges and bullets, the case with the least capacity
will develop the higher pressure. With reduced or normal
full charge loads, such a condition is not likely to be dan-
gerous, but it might casily be a serious factﬂr with maxi-
mum loads,

It has alrcady been explained that chambers have a
greater taper than the cartridges which go into them, in
order to permit easy extraction, and that the taper varies
in different types of arms of the same caliber. This some-
times results in a rather loose fit between cartridge and
chamber at the head and permits a severe expansion of
the case at the junction of its side walls and the head.
This causes the metal in the solid head to tear apart for
a short distance. If the case is resized completely, the torn
metal will be pressed together, but the torn surfaces will
not unite into a homogeneous structure. Upon firing the
case again with a full or approximately a full charge, the
same amount of cxpansion will take place once more and
the violence of the expansion will cause the brass to tear
further. The illustration on Plate III shows such a condi-
tion. This is a photograph of a factory cartridge after the
first firing and the dowed lines show the approximate
form of, and the condition as it would apply to a rimless
case. This condition is no joke and is worthy of the con-
sideration of every careful reloader. The only practicable
method of determining whether or not this condition ex-
ists is to examine the fired cases for expansion near the
head and if the expansion appeared to be excessive, to sec-
tion a few cases and look for torn metal in their solid heads.
The correct method for doing this is described on page 31,

If heads tear in this way and the cases are not completely
resized, when they are reloaded and fired the case will be
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in close contact with the chamber walls because of the ex-
pansion that already has taken place, consequently there
will be very little or no further tearing of the brass in the
solid head. Nevertheless, cartridge cases that expand ex-
cessively near the heads should not be reloaded with any-
thing except reduced loads.

Primer pockets and vents, being closely related to the
performance of primers, will be discussed under the subject
of “primers” in Chapter 2.

The Care of Fired Cartridge Cases.

If cartridge cases that have been fired with smokeless
powder are to be kept for some time before they are re-
loaded, they should be stored in a dry place but otherwise
they require no particular care. If the necks of the cases
are smoked up a little, this fouling may be wiped off with
a cloth, provided the wiping is done within a short time
after they are hred. While this fouling is easily removed
when fresh, if allowed to remain for some time it will re-
sult in oxidization of the brass. This oxidization will do no
harm except that if the brass be left under strain, it will
accelerate any tendency to season crack. If cases are kept
in 2 damp place they will have a tendency to corrode, the
corrosion being noticeable as discolored patches having a
hard granular feel to the fingernail in the early stages. As
the corrosion progresses verdegris will form. Cases showing
any considerable corrosion should be discarded.

Hand books on reloading ammunition have usually car-
ried a description of one or more methods of washing cart-
ridge cascs so as to make them practically as bright and
clean as when new. In the opinion of this writer, the wash-
ing of cartridge cases that have been fired with smokeless
powder is not only unnecessary but inadvisable, except under
special circumstances. Cases fired with black powder muwst
be washed to prevent them from corroding. Black powder
leaves 2 heavy deposit of fouling in the case and this foul-
ing will gather dampness rapidly. The sulphur in the foul-
ing, when in the presence of moisture, attacks the brass
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rapidly, causing verdegris to form and weakening the case
materially.

If cartridge cases that have been fired with smokeless
powder are to be reloaded for military use, or for issue to
men who know but little of ammunition and are apt to
judge it by appearance as well as its performance, or if
the ammunition is to be stored for a long period of time,
there is some justification for cleaning the cases so they
will have a new appearance. Otherwise, washing cases 1s
an unnecessary labor amounting to a waste of time. The
reason for suggesting that cases be not washed is because
most of the factory ammunition being turned out today is
loaded with primers containing fulminate of m.rcury. The
mercury left in the case by the fired primer attacks the
brass more or less, depending upon circumstances that will
be touched upon later, and renders the brass brittle and
unable to withstand the strain of further firing. The use
of any solution, whether acid or alkaline, on cases that have
been fred with mercuric primers will hasten the action of
the mercury and cause it to penetrate the brass deeper than
it would have otherwise. Even plain water, in combination
with the products of combustion in the cases, will accelerate
this action. Hence the suggestion that cases fired with smoke-
less powder should be stored in a dry place and that they
should not be washed or chemically cleaned, except under
unusual circumstances.

Washing Cartridge Cases.

It may seem a bit out of place to suggest methods of
washing or cleaning fired cartridge cases immediately after
advising against the practice, but the reader should bear in
mind that the one serious objection to the washing of cases
lies in the possibility of their having been fired with mer-
curic primers. If a case has never been fired with a2 mercuric
primer, there is no danger attached to washing or cleaning
it with any kind of a solution. Such cleaning may be en-
tirely unnecessary, but it will not harm the cases if they
have never been fired with a mercuric primer. Please excuse
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the emphasis on that word “never” but the writer has seen
too many instances where reloaders only give consideration
to the type of primer which they themselves use in reload-
ing their ammunition, without taking into account the
primer with which the ammunition was originally loaded
at the factory. Most of the factory ammunition being pro-
duced today is loaded with mercuric primers and one manu-
facturer in particular who has been loading his ammunition
with non-mercuric primers is slowly swinging back to the
use of mercuric primers. Their reasons for using fulminate
of mercury will be explained under the subject of “Primers.”

The best time to clean cartridge cascs is as soon as pos-
sible after they have been fired, as the fouling is then soft
and has not had time to corrode the brass even superficially.
If cleaned promptly, the cases will come out bright with
less effort and with a shorter immersion in the cleaning
flud.

Cases fired with black powder should be decapped and
dropped into a jar or can of water. The water will soften
the fouling and facilitate its removal. If the cases are of
a shape that will permit their inside to be easily reached
with a swab on the end of a stick, they may be wiped out
after they have soaked for a while. The primer pockets
can be cleaned with a bit of cloth over the end of a wooden
match stick. The best and easiest way to clean out black
powder fouling from a lot of cases at one time is to boil
them in soapy water, to which a small amount of baking
or washing soda has been added. For a soap solution, any
kind of scap or soap flakes may be used, including “Gold
Dust” or “Oakite.” Oakite is not really a soap but is a
good cleaner. It is hard on the hands and should be used
sparingly, as directed on the box. Treating the cases in this
way will remove the heavy deposit of fouling from them,
but may leave them dark and discolored, this will do no
harm. Methods for brightening them will be given a litde
further on.

The fouling left by smokeless powder, while much less
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in volume than black powder fouling, is much more ten-
acious and more difficult to remove. To do a good and
thorough job, the method that has been published for
years in the Ideal Handbook is probably the best and it is
repeated here bricfly for the convenience of the reader.

Two one quart jars are required for the chemical solu-
tions and two jars or other containers for clear water, pref-
erably running water. In jar No. 1, dissolve 2 ounces of
potassium bichromate and add 2 ounces of sulphuric acid,
pouring the acid in slowly while stirring the solution. In
- the other jar, dissolve one quarter pound of sodium cyan-
ide. Potassium cyanide may also be used but is more ex-
pensive. Both sodium and potassium cyanides arec deadly
poison and should be kept out of and away from containers
in which food stuffs are to be prepared or preserved. The
solutions in both of the jars are poisonous for that matter,
furthermore if mixed they will give off poisonous fumes,
so it is best to work with them where there is a good
circulation of air.

The proper arrangement of the jars for working is as
follows; jar No. 1—clear water—jar No. 2—then another
container of clear water,

To clean the cases, bend a piece of brass or copper wire
a foot or more in length into the form of a narrow U. Then
bend up the ends of the wire to form two hocks, on which
the cases may be hung. Hang two cases on the hooks and
dip them in solution No. 1 for a few seconds. Then remove
them, rinse them thoroughly in clear water after which they
should be immersed in the cyanide solution until they are
clean and bright. This should require only a few seconds
also but if the cases do not brighten up quickly, they should
be rinsed thoroughly in the fourth container of clear water
and the entirc process repeated. The process of rinsing is
important and if running water is not available, the water
in the two rinsing jars should be changed frequently to
avoid carrying any of the chemical solutions from one jar
to the other.
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Another way to brighten cases and to remove corrosion,
and one that is not only good but is convenient and as old
as the hills, is to immerse the cases in vinegar. This is
especially good for brightening cases that have had black
powder fouling removed from them, as described previously.
Vinegar will not remove smokeless powder fouling as well
as the acid and cyanide solutions, but it will remove a lot
of it and if the cases are cylindrical, or of a shape that
will permit of their being wiped out with a mop or a briste
brush, a very good job of cleaning out smokeless powder
fouling can be done as the vinegar will soften and loosen
the fouling in a few minutes, without injuring the cases in
any way. Vinegar has the advantage of being easily obtain-
able anywhere, it is not poisonous, and its storage and dis-
position offers no problem, even where space is limited
or there are children around. The particular kind of vinegar
15 not important; it may be old fashioned cider vinegar, syn-
thetic vinegar, even the juice drained off from pickle bottles
will work.

Possibly this pickle juice idea will stand some elabora-
tion. The whole answer to this cleaning with vinegar is
acetic acid, Cider vinegar and, presumably, the synthetic
vinegars also, contain about 6% of acetic acid. It is this
acetic acid which softens the powder fouling so that it may
be wiped out easily with a rag. As to whether “pickle
juice” will do the trick or not depends upon the amount
of acetic acid (if any) that is present in it

Acetic acid comes in different strengths, a solution of
around 28-36% being used extensively in photographic
work. The full strength acid is 99% pure and is strong
enough to attack the brass of a cartridge case actively, a
picce of a case put into a test tube with the full strength
acid will cause the solution to turn blue in a very few
minutes, A 10% solution is amply strong for cleaning
cases, but bear in mind two things: That the solution only
softens the fouling but does not remove it and, that in
common with any cther solution, acctic acid will promote
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the penetration of mercury into cases that have been fired
with mercuric primers. However, it is a fine solution to
use for wiping the outsides or necks of cases clean, where
you want them to look like new, factory “hulls,”

Drying of Cases. Regardless of the method used
for cleaning cases, they must be rinsed thoroughly and dried
promptly, as otherwise they may corrode. Should any inter-
ruption interfere with the drying of cases immediately after
they are cleaned, leave them immersed in clear water to
keep the air away until they can be dried properly.

If the cases can be spread out in the hot sun to dry, beil
them in clear water, dump them into a collander, then shake
them well and vigorously to remove the excess water. Then
spread them out in the sun to dry. The primer pockets are
the hardest part to dry and the writer has been surprised
to see how long it takes to properly dry cases, even in the
hot sunshine of the tropics. One can help and hasten the
drying of primer pockets by wiping them out with a bit
of absorbent cloth on the end of a small stick.

The best and surest way of drying cases is with the use
of artificial heat, but care must be taken not to overheat
them, as too much heat will soften the brass and may render
it incapable of withstanding normal pressures. Most mod-
ern stoves, whether electric, gas or coal, have oven ther-
mometers that are, at least, fairly accurate. For stoves sold
in the United States, these thermometers register degrees
Fahrenheit and brass can be heated up to 428 degrees
Fahrenheit without undergoing any change in its grain
structure. For drying cases it is best to keep the temperature
as low as 300 degrees. This heat is amply high for the pur-
posc and offers a liberal allowance for any inaccuracy of
the thermometer. If your oven has no thermometer, one
can be purchased at small expense in almost any department
or five and ten cent store. The thermometer should be placed
near the cases as the temperature will not be the same in
all parts of the oven. It is also well to place the cases on
one of the sliding shelves or racks, away from the bottom
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of the oven, or the heating element if it is an electric stove.

The sad ending to this little story about cleaning and
drying cases is, that after you have spent several shekels for
chemicals and thermometers and have spent a considerable
amount of time cleaning and drying your cases, you will
not have added a single thing to their usefulness for reload- -
ing. If, by chance, they have ever been fired with a mer-
curic primer you will certainly have done them some harm.

The Inspection of Fired Cartridge Cases.

In discussing the relation of cartridges to their chambers,
it has been made clear (I hope) that more or less expansion
of the casc takes place when the cartridge is fired, and that
this expansion makes the case fit its chamber more per-
fectly than it could be made to fit by any other means. It
has also been shown that more or less longitudinal stretch
may take place, with a consequent weakening of the case.
Some of the defects that may oceur from these causes have
been illustrated and described. The question that will nat-
urally arise in the reloader’s mind and especially if he has
had little or no experience with reloading ammunition is:—
how can [ find out what is happening to my cartridge cases
when I fire them? The best that can be done here is to
give methods for inspecting cases for some of the more im-
portant defects. To find the conditions is one thing and to
intérpret their significance is quite another, the latter re-
quiring long experience and study.

Ignoring overloading to a degree that will cause a fre-
arm to burst, the only danger in reloading ammunition
lies in the use of cartridge cases that have been strained or
weakened to an extent that might cause them to give way
near the head when fired again. The case must be in good
enough condition to hold the gasses in, and even with re-
duced loads a failure of the case near the head may cause
eye burns of a painful nature or permanent impairment of
vision. With this thought in mind, we will confine ourselves
principally to those conditions that impair the strength of
the cartridge case near the head.
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After firing, the cases should be wiped off with a cloth
to remove dirt and fouling on the outer surface, after
which they can be examined for external defects, Those
with splits or cracks should be discarded. In wiping off
the cases, do not rub them too vigorously or twist them
around with the cloth pressed tightly against them, espe-
cially near the head. Brass has the property of charging
with dirt and grit, that is, particles of grit become imbedded
in the surface of the metal and can not be entirely removed
by any means. Also, if the cases are rubbed too hard, the
cloth will pick up some of the surface grit which will act
as an abrasive and polish the case nicely, but this polishing
may destroy some of the markings that will give an indi-
cation of the case’s condition. The surface of a fired cart-
ridge can tell many stories to an experienced person.

Incipient or incomplete splits will show as slight wrinkles
or depressions of greater or lesser length, running length-
wise of the case. If well forward of the solid head, they may
be ignored. True, the case may split completely at this point
the next time it is fired, but this will probably do no parti-
cular harm. |

Incipient ruptures of the body appear as a mottled or
wavy band or patch, or as a distinct irregular line on the
surface of the brass. Their identification can only be learned
from experience and careful observation but as they are of
rare occurrence and, in the body of the case, are not danger-
ous, the reloader can ignore them.

Stretching of the case near the head is usually due to
excess head space. This condition will usually, but not
always, result in leaving a burnished band around the body
of the case near the head. As the side walls are pressed
firmly against the walls of the chamber while the powder
charge is burning, any appreciable movement of the head to
the rear will not only stretch the brass, but the latter, being
in intimate contact with the chamber and under pressure,

will usually be rubbed or ironed in such a way as to leave
this visible band.
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To really determine whether the case i1s weakened near
the head and the extent of the weakening, to examine the
solid head for possible tears and to find out whether the
primer contained mercury or not, it is necessary to section
the case. Signs of excessive expansion near the head will
suggest the possibility of torn brass but will not prove it.
Neither will the examination of a single cartridge case prove
that the condition is prevalent in all of the cases that come
from one chamber, but if the condition occurs once it will
occur again. Where the expansion of the case near the head
15 sufhcient to tear the solid head at all, the cases from that
chamber should only be reloaded with reduced loads and
then only when the cases are not resized at the head.

To section a cartridge case for ordinary examination,
fasten it in a vise by the rim. Any slight compressing of
the rim will do no harm for this purpose. With a fine
toothed hack saw, carefully saw the case down through the
center. The straighter you saw, the less filing there will
be to do later. A hack saw will not cut smoothly unless the
thickness of the metal being cut is at least equal to the dis-
tance between two teeth.on the saw, and as cartridge case
walls are usually thinner than this, the saw has a tendency
to rip or tear its way through the metal. This can be avoided
by using a fine saw, then inserting as large a stick of wood
as possible into the case, sawing through case and wood at
the same time, The wood helps to retard the saw and makes
it casier to control the cut. As the thicker portion of the
case is reached towards the head, the cutting will become
casier and smoother. As a matter of fact, as long as only the
lower part of the case is to be examined, the upper part
may be sawed off before the case is sectioned. Cutting
through the last fraction of an inch of the head may be a
lile troublesome but it can be done by removing the case
from the vise and rubbing it back and forth by hand, with
the cut straddling the saw blade. When sawed, one or both
halves of the case should be filed by placing the sectioned
surface against the face of a bastard file and rubbing it back
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and forth with the fingers. When the saw marks are filed
out, transfer the specimen to a piece of very fine emery or
crocus cloth placed on a fat smooth surface and rub it in a
direction diagonal to the file marks, until the burrs left by
the filing come out. It is unnecessary, for this purpose, to
bring the sectioned surface to a high polish but regardless
of the degree of polish, there will always be a rubbed skin
of brass over the surface that can only be removed by etch-
ing, This surface skin must be removed, as it may cover
up defects.

To etch the case, immerse it in a 20% solution of nitric
acid for a few seconds, or until the polished surface takes
on a dull or slightly roughened appearance all aver. Do
not use too much acid, or the brass will become pitted
and pock-marked. When etched, remove the specimen with
a pair of tweezers and rinse it in clear water, The action
of the nitric acid will clean the fouling from the inside of
the case thoroughly and if the surface has a silvery appear-
ance, it 15 a sure indication that the case has been fired
with a mercuric primer. This silver looking coating, which
is really mercury, will disappear. into the brass after the
specimen has stood a little while, so the condition should be
looked for immediately after taking the case out of the
ctching solution. Unfortunately, the failure of the mercury
to appear does not always offer assurance that the case has
never been fired with a mercuric primer, but the mercury
will usually show up.

If the expansion at the head has been sufficient to tear
the brass in the solid head, the breaks can usually be seen
with the naked eye and certainly with an ordinary magni-
fying glass.

Any stretching of the side walls, due to excess head space,
will show up in a reduction of the thickness of the side
walls and an annular depressed ring in the brass just in
front of the head. If the condition is not severe, that is,
if the stretching has only caused a slight reduction in the
thickness of the case wall, with no signs of breaking, and
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if there are no signs of mercury, and if there are no tears
in the head, the cases from that chamber and of that par-
ticular lot of cases may be reloaded with ordinary full
charges, provided they are not resized so as to set the
shoulder back at all. This applies to both rimmed and rim-
less cases. With a rimmed case this means that the reloaded
cartridge will be positioned in the chamber by the shoulder
instead of the rim, as normally, but the head will be 1n con-
tact with the bolt when it is fired and any further weaken-
ing or stretching of the case near the head will be due to
spring in the bolt itself or to a forward extrusion of the brass
under the thrust of the gasses. One can check on this by
reloading and firing two or three cases a few times, section-
ing them as described and comparing them with the orig-
inal sample.

Another point worthy of inspection is the primer pocket.
The heads of fired cases should be examined for signs of
gas leakage around the primers. Any cases showing black
gas smudges radiating from the edge of the primer pockets
should be discarded, as the primer pockets have either ex-
panded or have some defect which permits gas to get
past the primer cup. The primer cup acts in the same way
the case does in the chamber. The side walls of the primer
expand to prevent gas from leaking out between it and its
pocket, but sometimes the pressure is sufficient to expand
the pocket or some defect will permit gas to get by. A
lictle gas will get past the primer, but ordinarily not enough
to be noticeable to the shooter. An examination of the face
of the bolt of any rifle that has been fired extensively will
show the presence of a ring around the striker hole. Whether
caused by erosion, corrosion or a combination of the two,
this ring has its origin in the gas that, in small quantities,
has leaked past primers. If, when decapping cases, a primer
comes out with practically no pressure at all, it is a pretty
good indication of an expanded primer pocket and that
case should be discarded. If, in secating new primers, a
primer goes into a pocket with litte pressure, it may be
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due to an enlarged pocket and it may be a small primer.
Trying another primer will tell the story. If all the primers
go into the primer pockets too easy, it can be due to the
primers being too small. This is an unusual occurrence but
happens occasionally, especially if the primers are not of
the same make as the cases. Expanded primer pockets are
an indication that the charges are developing pressures
too high for the cases to stand and where this condition
is found, the reloader should heed it and reduce his powder
charges accordingly.

The Vent. The vents or primer flash holes in cartridge
cases are made of a size correct for the primers with which
they are loaded at the factory. The size of these flash holes
may differ in different makes of cases and, more rarely, in
different lots of cases made by the same manufacturer.
Where one has a miscellaneous collection of cases, it is
well to decap them all and examine the vents. Visual inspec-
tion alone will enable one to detect any material difference
in the sizes of the vents, and to separate the cases into
groups according to thc vent sizes. Variations in vents will
cause variations in the ignition of the charges, which will
affect accuracy and with maximum charges may cause
trouble if the vents are too large for the primers being used.

This condition is of increasing importance where the
newest non-corrosive primers are being used.

At the same time that the vent sizes are observed, one
can inspect the primer pockets for the presence of fouling
or primer “ash.” The fouling from our modern non-cor-
rosive primers takes the form of a hard, brittle substance.
It 1s sometimes present in sufficient bulk to prevent primers
from being seated fHush with or below the surface of the
head of the case, and with some primers will afford a suffi-
cient cushion to the blow of the firing pin to affect the
ignition. This fouling is easily removed with a bit of cloth
over the end of a small stick with a flat end, even running
a pointed nail or decapping pin around the bottom edge
of the primer pocket will chip most of it out.
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Resizing Cartridge Cases.

The mechanics of resizing cartridge cases is simplicity
itself. Some reloading tools have facilities for the full length
resizing of cartridge cases and, according to the directions
that come with these tools, the cases should be resized full
length each time they are reloaded. Now, 1 have no desire
to discredit anyone’s statements on this subject. Cartridge
cases can be resized completely most of the time, with
no other ill effects than a slight loss in the accuracy of the
reloaded ammunition, but we have already seen that the
complete resizing of an over expanded case may be at-
tended by some danger and in the interests of both the
finest accuracy, as well as safety, it is recommended that
cartridge cases not be resized any more than is necessary
to their proper functioning. In using a reloading tool that
is equipped with a full length resizing die, it is not neces-
sary to force the case all the way into the die when operat-
ing the tool. Using the tool in this way prevents the
shoulders of stretched cases from being set back to their
normal position and also avoids any reduction of the case
near the head when it is over expanded. At the same time,
it docs permit the neck to be resized sufficiently to hold the
bullet and any slight reduction of the forward part of the
body of the case will do no harm under any circumstances.

The hand resizing dies are quite convenient and useful,
and cases can be resized completely by driving them in until
the heads are flush with, or the rim is in contact with the
surface of the die. The cases are driven out by means of a
steel punch furnished with the di¢. In driving cases into
the die they should never be struck directly with the hammer
or mallet, but should be started in with the fingers and a
block of hard wood placed against the head, this latter
should then be struck with the hammer to avoid damage
to the case.

The vents in primer pockets are made by punching the
metal out, and as the punches are small they wear quite
rapidly. As their edges get a little dull, the holes are not
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punched cleanly, more or less of a burr being left around
the edge of the hole, on the inside of the case. If a flat faced
punch be used to drive cases out of the resizing die, this
burred edge will be flattened, reducing the size of the vent.
Uniform vents are essential to uniform ignition of the
powder charges, so when driving cases out of the die the
knock-out punch should always be concave on the end that
is inserted in the case so it will not bear on the metal near
the vent.

As the complete resizing of cases is not ordinarily desir-
able, they should only be driven into these hand resizing
dies far enough to accomplish the desired result; the desired
result, by the way, being to reduce the case only enough
to permit it to enter and to be extracted from its chamber
without sticking. For partial resizing of cases, the hand dies
are not as convenient as those which are mounted in re-
loading tools, also the exact depth of the resizing can not
be controlled quite as well.

When cases are to be reloaded without resizing them,
otherwise than at the necks, they should first be tried in the
chamber of the arm they arc to be used in, If they can be
entered in the chamber and the action closed on them com-
pletely, without forcing, they will also enter satisfactorily
after they are reloaded. If you have a lot of cases that have
been picked up on a rifle range and have been fired in rifles
other than your own, you will probably find more or less
of them that will not enter your chamber. This is due to the
individual differences in the chambers of different rifles of
the same caliber. Those cases which do not enter properly
will have to be resized to a point that will eliminate the
tendency to stick, When a case sticks in a chamber before
the locking surfaces of the action are engaged with one
another, it is a simple matter to knock it out with a clean-
ing rod. If the case sticks with the action nearly closed, the
situation may be a bit embarrassing for a moment. The
usual procedure under these circumstances is to curse and
tug or hammer on the bolt or lever of the rifle, in the hope



Note difference in head thickness and interior shape of these
.30 06 cases. The same load will not give the same result in
all of them.

Factory cartridge fired once in chamber having loose fit at head—
Note torn metal at base which might prove serious with a
rimless case.

PLATE III.
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that the extractor will not slip but will pull the case out.
Sometimes it does and sometimes the extractor strips off
the rim, permitting the case to be poked out with a clean-
ing rod. The best way to get such a case out, without danger
of damage to the rifle or your disposition is as follows:

There is always some clearance between. the head of the
case and the bolt when the extractor is pulling on the rim
of the case, so force the bolt up or the lever down until
the extractor is pulling properly, then hit the inside of the
case a sharp rap with the cleaning rod. This will drive the
case back into contact with the face of the bolt or breech
block. Repeat the operation a couple of times and that casc
will come out without trouble.

Before attempting to resize any cartridge cases, they
should be wiped off to remove any free grit or dust and
then lubricated. A good way to lubricate them quickly is
to make a flat pad of a number of thicknesses of cloth
and tack it to a board. The pad should then be moistened
with a good light oil, such as 3 in 1, after which a number
of cases can be placed on it at one time and rolled with
the palm of the hand to lubricate them. An excess of oil
should be avoided. Vaseline rubbed into the pad is also
good. |

Cartridge cases fired on a range where the ground is
sandy will charge with an excessive amount of grit, which
will remain permanently imbedded in the surface of the
brass. This grit will cause resizing dies to wear rapidly and
will sometimes result in scoring them, after which that die
will scratch every case sized in it. The manufacturer can
usually polish it out for you without enlarging it enough to
render it unserviceable, but a dic can not be polished out
more than once or twice at the most.

Now for a word about the dies themselves. Tool steel is,
as its name implies, steel for making tools, but it is a
general term applied to a class of steels and there are almost
as many kinds of tool steel as there are kinds of tools. Most
of them are not suited to the manufacture of resizing dies.
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Those that are suitable for dies require carcful heat treat-
ment to prevent them from warping. If they are hardened,
they become brittle and will break easily. If the hardened
dic is tempered or drawn to give it a tough structure, it
will be softened and will not have a long life under con-
tinuous use. The best way to make a die of tool steel suit-
able for such a use is o “spout” them., When the die is
heated to the proper temperature, a stream of water is run
through the inside of it, chilling this inside quickly but
cooling it more slowly toward the outside. This gives a
hard inside surface, with a gradual softer and tougher struc-
ture toward the outside that will resist shock. But such
dies would be expensive, as their manufacture would be
slow and would call for the highest type of skilled labor.

High Speed steel is another misunderstood term. It also
is a genceral term applied to a class of steels developed for
making, cutting, turning and boring tools that will with-
stand the heat of running at higher speeds than are pos-
sible with tools made from the ordinary tool steels. High
speed steels are tough and hard on the tools used to work
them, but none of them are particularly well suited to the
making of resizing dies. Pacific can supply their tools
equipped with “high speed steel” dies. I have one of these
and they do a very nice piece of work on the dies, but if
they properly pack harden their carbon steel dies, and I
have no doubt but that they do, I would prefer the carbon
steel dies.

Carbon steel doesn’t mean much either, but the term 1s
applied to the ordinary run of steels of various carbon con-
tents. The low carbon steels machine smoothly and tools
used on them have a long life, but low carbon steel can not
be hardened by the ordinary process of heating and quench-
ing n oil or water. Dies made from it can be and are
hardened by a process known as “pack hardening,” which
is similar to case hardening. This gives the inside of the
die a very hard surface, a harder, more durable surface
than a drawn tool steel dic or a high speed steel die, and
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at the same time a good resizing dic can be made in this
way at a moderate cost.

Neck Resizing. The expansion which takes place in
the necks of cartridge cases when they are fired leaves the
necks so large that new bullets will usually drop right
through them. If the cartridges were crimped before they
were fired, the crimp will not “shoot out” entirely and the
mouths of the cases will have enough crimp remaining
to offer an obstruction to the entrance of new bullets. This
remaining crimp must be removed, so it is often desirable
and sometimes necessary to resize the cases at the necks,
before attempting to seat new bullets.

Neck resizing is necessary; when the reloading tool oper-
ates with the case in a vertical position, 1n order to keep
the bullets from dropping inside during the seating opera-
tion; when jacketed bullets having no crimping grooves or
cannelures are used; and when cast bullets either have no
crimping grooves or are scated to a depth that leaves the
mouth of the case at a point on the bullet inconvenient for
crimping. If the bullets have crimping grooves conveniently
located, excellent ammunition can be reloaded without re-
sizing case necks at all, provided the design of the loading
tool will permit this method of loading. Ammunition so
loaded will be found to have the bullets more or less loose,
and they can always be turned around with the fingers. This
does no harm from an accuracy standpoint and is often an
advantage bur, as a rule, it is desirable to resize the case
necks in order that there will be no chance of the bullets
coming out in the ordinary handling and loading of the
ammunition,

If the cases are resized full length, the necks will be
reduced at the same time, and some loading tools will also
expand the necks to the proper diameter to receive and hold
new bullets at the one operation.

Resizing case necks is divided into two operations; the

reduction which should be sufficient to make the inside
diameters of the necks a little too small, and the expansion
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which opens them up to the correct diameter. This pro-
cedure is followed in the manufacture of new cases also,
the expanding operation being known as “ball sizing.”
It is necessary because, due to differences in the thickness
of the brass in the walls of case necks, it is impracticable
to bring the insides of the necks to the correct diameter by
simply resizing the outsides. Even cases of the same make
and lot will vary in thickness at the necks, also the thickness
will not be uniform all the way around the necks, except
by chance. The temper of the brass also has a material
effect upon the way the necks resize. All other things being
equal, hard brass will spring back more than soft brass
after the necks are either reduced or expanded.

In order to produce neck reducing dies, or “muzzle re-
sizers  as they are generally called, economically, manufac-
turers of loading tools must make one standard size for
each caliber of cartridge. These are made of a size that will
reduce the thinnest cases sufficiently and as a consequence
they will reduce cases with thicker necks a little too much;
or more properly, a little more than is necessary. This does
no serious harm but it will shorten the useful life of the
cases, especially if the brass happens to be harder than
normal,

Expanding plugs of different diameters may be obtained
to meet the requirements of the bullet being loaded. The
general rule is to use an expanding plug that is the same
diameter as the bullet. As the brass springs back slightly
after the neck has been forced over the expanding plug,
its inside diameter will actually be one or two thousandths
of an inch smaller than the plug or the bullet, and the
latter, when forced into the neck, will be held firmly by the
tension of the brass.

Another way to expand necks and one that, if followed,
will overcome most of the difficulties that may be encoun-
tered with this operation, is to use an expanding plug that
is a thousandth of an inch or two larger than the bullet.
This plug should only be forced into the neck about one-
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third the length of the seating depth of the bullet. This
will expand the mouth of the case so that the bullet can
be set into it perfectly straight and for a sufficient distance
so that there is no possible chance of its tipping. The seat-
ing is completed in the tool, the bullet acting as its own
expander for the remaining distance. Even cast bullets with
plain bases may be seated in this manner, and there will be
no chance of their being scraped or shaved during the
operation. Some cases, the .22 Hornet being a notable ex-
ample, have very thin neccks and sometimes bullets can
not be scated friction tight except by the method just
described. As it takes much less force to expand the thin
walls of a case neck than it does to compress a lead bullet,
this method of expansion will be found satisfactory with any
kind of bullet.

Bullet Pull. When commercial or military ammuni-
tion is loaded, it is subjected to a test to determine the
amount of force or pull required to draw the bullets out of
the cases, This is done to insure that the bullets will not
come out from handling, or loading and extracting the car-
tridge from an arm. There 1s a minimum pull allowed, be-
low which the ammunition would not be satisfactory, but as
long as the bullets can not be pulled out too easily, it gen-
erally doesn’t matter how tight they are. It is commonly
believed that a variation in the tension under which bullets
are held in place makes a great deal of difference in the
way the ammunition shoots, also that a cartridge in which
the bullet is held very tightly will develop a much higher
pressure than a similar cartridge with a looser bullet. Per-
haps there is some slight difference, but from a practical
standpoint it docsn’t amount to a hill of heans. Bear in
mind that we are speaking now of the tension of the neck
on the bullet and not of crimping, which will be discussed
later.

No one knows positively what takes place inside of a
cartridge when it is fired, but by observation of some of
the known factors it is possible to make deductions that
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are logical and probably correct. When a powder charge
starts to burn, gasses are formed which, being confined,
build up pressure inside the case. The pressure starts from
zero and increases as more and more of the powder catches
fire. Due to the weight and incrtia of the bullet, it does
not start forward into the bore at once. As the walls of the
cartridge case are thinner and weaker at the front than
at the rear, and as it requires less time and pressure to ex-
pand the thin neck of the case than it does to start the
bullet forward, the case lets go of the bullet, allowing more
or less of the gas to escape past it. As the pressure increases,
the inertia of the bullet is overcome and it moves forward
into. the bore, practically sealing the bore and preventing
further escape of gas. If the case lets go of the bullet be-
fore the latter starts forward, leaving it free and floating
around by itself as it were, how in the name of common
sense is a few pounds difference in the force required to
pull a bullet out of a case going to have any retarding
effect upon the forward movement of the bullet when the
cartridge is fired?
Tight Chambers.

Some custom made barrels are purposely turned out with
exceptionally tight chambers, in order to improve their ac-
curacy. It is necessary to distinguish between minimum
chambers and tight chambers. The former is the smallest
chamber that is considered permissible in commercial or
military arms, while the latter arc smaller even than a mini-
mum chamber; so small and tight in fact that commercial
ammunition will not always enter them. In making cart-
ridge cases for use in tight chambers, commercial cases
are used but they are re-reformed so as to fit the chambers
perfectly, the necks being turned on the outside to eliminate
the inequalities in thickness of metal and to make the out-
side concentric with the inside. Their outside neck diameter
is usually an exact fit for the neck of the chamber.

When such a case is loaded and fired there is no ex-
pansion of the neck and consequently, little or no gas
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escapes past the bullet during the interval between the
time the powder starts to burn and the bullet starts for-
ward to seal the bore. There is also very little expansion of
the body of the case. As all of the gasses are confined within
a rigid cavity (by rigid is meant that there is no cushioning
effect from the initial expansion of the case) and as the
chamber is of smaller volume than normal, the pressures
developed in a tight chamber will be higher than if the
same cartridge and load were fired in a2 commercial cham-
ber. But tight chambers are impractical. Cartridge cases
often require more than ordinary force to extract them, at
least to a degree that is not permissible in hunting and
military arms; and besides, it is impractical to maintain
such a close relation between cartridge and chamber in
commercial production. Nevertheless, a condition approach-
ing that of the tight chamber is sometimes found in a few
commercial arms and ammunition, notably in the 220 Swift
and the .257 Roberts. In these calibers, the difference in size
between a maximum cartridge and a minimum chamber
is hardly more than .oor1 inch. It is of course, slightly more
between a maximum chamber and a minimum cartridge,
but the tolerances are remarkably close.

The normal performance of ammunition in these calibers
contemplates enough expansion at the neck of the case to
let go of the bullet. If, for any reason, the necks of the
cases can not cxpand, the chamber pressures will increase
to an abnormal point and may be dangerous. It has been
pointed out that sometimes there i1s a forward movement
or extrusion of the brass in a cartridge case, probably due
to the thrust of the expanding gasses. In an ordinary cham-
ber, the thickening of the case neck which results from this
is insufficient to prevent the neck from expanding and
letting go of the bullet when the case is reloaded, but in
chambers having tight necks the situation is different. A
little added thickness at the neck may be enough to cause
eXCcessive pressures,

For this and other reasons the writer believes that the
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reloading of cartridges of the calibers mentioned, or of any
caliber where the neck of the case is a very close fit in the
neck of the chamber, should not be attempted by the novice
at reloading if full charges of powder are used. In fact,
the beginner had best keep to reduced charges with any
caliber of ammunition until he has acquired experience, and
has learned something morc than the mere mechanics of
assembling ammunition.

The resizing of cartridge case necks for chambers with
close tolerances differs from the usual perfunctory reducing
and expanding of the case necks. Where a chamber is
known or believed 1o be unusually tight at the neck, this
part should be carefully measured. Directions for inaking
sulphur casts for this purpose are given elsewhere in this
book. After determining the size of the chamber neck, pro-
cced as follows: Reduce, or reduce and expand, the necks
of the cascs until their outside diameters are at least two
thousandths of an inch (.002") smaller than the neck
diameter of the chamber. If a greater reduction than this
is necessary to leave the insides of the necks small enough
to hold the bullets, so much the better. When your car-
tridges are loaded, measure the necks of all of them and
set aside any that are not at least .0o15” smaller at the
neck than the chamber neck. The bullets should then be
pulled from these cartridges and the insides of the case
necks reamed out until they can be sized to hold the bullets
without enlarging the outside neck diameter too much.
Don’t make the mistake of measuring but a few of your
cartridges and assuming that the rest are like the ones
- measured. These thick necks only occur once in a while,
and while you may never encounter one, they are of suffi-
cient importance to watch out for. Their occurrence is not
limited to any particular calibers and the condition is only
of importance in chambers having tight necks.



Chapter Two

PRIMERS.,

The handloader should understand that the primary func-
tion of a primer is to ignitc the powder charge promptly,
adequately and uniformly. What the primer may be made
of, or any other special properties it may have in addition
to its ability to ignite the charge, are incidental and of
secondary importance. Emphasis may be placed upon igni-
tion properties of a primer to the same degree that it is
placed upon the function of the cartridge case as a gas
seal, Both are fundamental.

The type of primer that we are most familiar with tuday
and the one to which we ‘will devote the most attention, is
composed of three principal parts; a metal cup, a pcll:t of
explosive priming compound which is pressed into the cup,
and a metal anvil against which the priming compound is
driven by the firing pin to explode it. This type of primer
is a product of evolution and to understand the reasons for
this type of design, its virtues and its limitations, it is
necessary to know something of the gencral types which
preceded it.

Our Civil War was fought for the most part with muzzle
loading arms which were fired with percussion caps. These
caps were made in a number of forms, but the most com-
mon and the best took the form of a thin copper cup having
the priming compound pressed into it and usually covered
with a thin disc of tin foil. This fitted tighdy over a steel
nipple on the barrel, with the priming pellet in contact or

45
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close to the top of the nipple. The nipple was provided with
a hole leading to the powder chamber and its upper edge
was flat. When the hollowed face of the hammer struck the
cap, the pellet was pinched between the bottom of the
hammer cup and the flat surface of the nipple, causing it
to explode. The flash produced passed on to the charge, ig-
niting it. It will be seen that this system had all the ele-
ments of our present day primers; a cup, a priming pellet
‘and an anvil against which the pellet was exploded.

The demand for arms during the Civil War period and
especially for arms that could be reloaded more rapidly than
the muzzle loaders, led 1o the development of the breech
loader, the metallic cartridge and the repeating rifle, many
novel breech loading systems making their appearance in
rapid succession. The first practical repeating rifle was the
Spencer, which used a rim fire cartridge of large caliber.

Rim fire cartridge cases are made from thin metal and in
folding or forming the rim, a space is left into which the
priming mixture is “spun,” forming a ring of priming
around the rim of the case. The firing pin must strike the
cartridge at the rim in order to pinch the priming and fire
it. This type of priming is unsatisfactory in large caliber
cases. The ring of priming is brittle and structurally weak
and in the ordinary handling and loading of the cartridges,
pieces of priming break away, leaving dead spaces which,
if struck by the firing pin, will result in mis-fires.

A lot of muzzle loading arms were converted to take the
then new metallic cartridges and the design of some arms
made it easier to convert them to fire a center fire cartridge.
One type of center fire cartridge that enjoyed a short period
of popularity was made with an internal primer. The case
itself looked like a rim firc case and the primer was in the
form of a pellet, crimped into the base of the case, on the
inside. But this type of case was not reloadable. The reload-
ability of ammunition and the people who have reloaded it
have had a great influence upon the development of our
ammunition, not only in the past but at the present time
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as well. Many a reloader with a litde time and money at
his disposal, plus the ability to experiment intelligently, has
contributed to the development of factory loaded ammuni-
tion. Cartridges were expensive in the early days of the
ammunition industry and money was scarcer than it is
today, consequently the reloadability of ammunition was
important to the owner of any firearm. Even today there are

An early center fire cartridge—made with an internal primer.

- thousands of shooters who, because of the expense of factory
ammunition, would never purchase firearms were it not that
they can easily reload their fired cartridge cases with a few
simple tools and thus provide themselves with an abundance
of ammunition at small expense.

The immediate forerunner of our present primers was
what is commonly termed the “Berdan” primer, named after
its inventor, a Colonel Berdan of the Union Army. This
primer takes the form of a cup similar to that used in our
present primers. This cup contained the primer pellet but
had no anvil. The anvil was formed in the bottom of the
primer pocket and was part of the cartridge case. Flash
holes or vents were drilled at the base of the anvil and were
usually two or three in number. The Berdan primer has cer-
tain points in its favor, perhaps the principal of which is
that the anvil in the primer pocket, being of solid brass, is
more rigid and offers greater resistance to the blow of the
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firing pin than the separate bent metal anvil which we now
use. But from a reloading standpoint the advantage is all the
other way. Berdan primers are used almost exclusively in
European ammunition, but it should be borne in mind
that firearms were never used as extensively by the gencral
population of European countries as here in the United
States and consequently reloading has never attained the
wide sprcad popularity that it has here. Europe was, as it is
now, a collection of settled countries with fixed frontiers
(as long as the politicians left them alone) while in the
United States the condition was different.

At the time when fircarms and ammunition were under-
going their most rapid development we were a new nation;
one that had been hacked out of a wilderness and one in the
development of which firearms had played a most important
part. Furthermore, at that partcular period, we had a
rapidly expanding frontier towards the West, where fire-
arms in the hands of the settlers were indispensible tools.
Our ammunition problem was different from that of Furope
and the problem of reloading fired cartridge cases was an
important part of it.

The Berdan primer did not meet the requirements of the
reloader satisfactorily. The anvil in the center of the primer
pocket, with small vents around it, did not permit easy
expulsion of the fired primers. They could not be forced out
from the inside but had to be dug or pried out from the
outside, which was inconvenient. The vents were small and
were easily clogged by fouling or corrosion, the latter some-
times forming after the ammunition was reloaded. The
early folded head cases had anvils that were merely pressed
into shape, these were not of solid brass and a long firing
pin would deform them and reduce their height. However,
black powder is easily ignited and minor damage to Berdan
anvils did not have any appreciable effect upon ignition.
The objection to the Berdan primer from a reloading stand-
point was chiefly a mechanical one, but with modern smoke-
less powders any damage to the anvils, whether from
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corrosion, erosion, or mechanical causes, will affect the order
of explosion of the primers. Any lack of uniformity of the
anvils will result in variations in ignition and, consequently,
in muzzle velocity. Early attempts were made to overcome
the difficulty of decapping cases by providing a central hele
through the anvil, sometimes by itself and sometimes with
vents at the base of the anvil as usual. The single flash hole
through the anvil was unsatisfactory. In the first place, this
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design removes the support from the place it is needed most,
that is, right under the point of the firing pin. In the second
place, the flash produced by the primer was limited to that
produced in the immediate vicinity of the flash hole, the
indentation of the cup practically closing the vent. With
other vents at the basc of the anvil the ignition was im-
proved, but the central vent still failed to give sufhcient
support to the pellet and the anvils were subject to the same
rigors of repeated firing and reloading. This idea of putting
a central vent in a Berdan primer anvil has been “redis-
covered” a number of times during the past sixty years, but
it is fundamentally wrong and thus far has always ended
up a failure. It does permit primers to be forced out from
the inside of the case with the conventional decapper having
a pin on the end for the purpose, but that is about the
extent of its rather questionable advantage.

Now let’s take a look at the American type of primer
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in comparison, with its separate anvil assembled with the
primer and one central flash hole in the primer pocket. Let
us grant that this anvil is less firm and more likely to
collapse under the blow of a firing pin than the solid Berdan
type. The superb accuracy we obtain with our match am-
munition would seem to indicate that there was nothing
wrong with the ignition and that the objection referred to
was purely theoretical but the answer is, that our anvils are
too near the line of being unsatisfactory. They do collapse
to a certain extent, cushioning the blow of the firing pin;
also, unless they are properly made and hardened by cold
work, they can cause ignition difficulties. Very well, We will
give the Berdan anvil the edge in newr ammunition but not
in reloaded ammunition. Our primers arc casily expelled;
the primer pockets offer no irregularities but are casily
cleaned of fouling to give new primers a firm seat on the
bottoms of the primer pockets, and as each primer has a
new anvil incorporated in it, it is possible to get uniform
ignition regardless of the number of times that a case is
reloaded. So much for general types of primers.

The reloader can do no more than purchase primers and
use them. He can’t make them and he can’t change the ones
he buys, so at first glance, it may seem useless to say much
about the way they were made. Nevertheless, the primer is
the very heart of a cartridge and the use of an improper
primer or one that is improperly seated can defeat all the
pains and care that you may take in reloading ammunition.
And what is an improper primer? Simply one that does not
ignite powder charges uniformly and adequately. A primer
that may be unsatisfactory with one load may be excellent
with another charge of a finer or more easily ignited
powder. Judging from an extensive correspondence with
reloaders in this and other countries, the popular belief is
that accurate ammunition depends upon extreme accuracy
of powder charges and uniform bullet diameters and
weights. Up to a certain point, yes, but primers can make
a lot more difference in accuracy than any little differences
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in the weights of powder charges, and reloaded ammunition
that shoots fairly well can often be made to shoot better,
simply by changing primers. It therefore seems permissible
to look closely at the way primers are made and why.

The Primer Cup. The function of the primer cup, in
addition to holding the priming pellet, is to prevent gas
from escaping to the rear. It functions in the primer pocket
that same way that the case does in the chamber. Under
pressure, the walls of the cup expand against the wall of its
pocket, thus forming a gas scal. Primer pockets are not
always perfectly round and even though primers seem to fit
them tightly there is wusually enough space somewhere
around them to permit air or water to enter, therefore com-
mercial and military primers are waterproofed after loading,
by allowing a litddle varnish or lacquer to flow around the
edges of the primers to fill these minute crevices.

The cups must be soft and thin enough to be properly
indented by the firing pins of the arms they are to be used
in, at the same time they must be strong enough to hold in
the pressures developed within them. The sensitivity of the
priming mixture influences the design of the primer cup
also, Some mixtures require a harder blow to explode them
than others, with such, a thick or stiff primer cup might
absorb too much of the blow of the striker to cause a proper
and uniform explosion. If a mixture could not be fired with
a cup strong enough to support the pressure developed, that
mixture would have to be discarded. Therefore, the differ-
ences in hardness that is found between primers of differ-
ent makes is not a matter of chance but is the result of
careful study and experimentation on the part of the manu-
facturers. A primer having a stiff or thick cup is not
necessarily better than one having a thinner and softer cup,
except that the former can be seated with less liability of
deforming it in the process.

Generally speaking, primers for rifle cartridges are made
with thicker and stiffer cups and contain more or hotter
mixtures than primers intended for use in pistol and revol-
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ver cartridges. The rifle primers are made stiffer or thicker
because the firing pins of rifles usually strike harder blows
than those of pistols or revolvers. Furthermore, the pressures
built up inside of rifle primers are much higher than those
developed in pistol primers so, if too thin or too soft metal
is used in the cups, the primer will be pierced, permitting
gas to escape through the action and possibly causing eye
burns.,

Pierced primers may be caused by too long or too sharp a
firing pin, but the morc common reason for them is failure
of the primer cup at the point where it is struck. The cup
1s weakened where it is indented and if the pressure within
the primer be too high, the weakened portion may blow
back through the firing pin hole and permit gas to escape
at the same time. When this happens, the striker or firing
pin is blown back violently and may be damaged. Firing
pin holes that have worn large or become eroded by escap-
ing gas may not support the center of the primer sufficiently
and may permit a circular piece of the cup to blow out
This condition can often be detected by examining fired
primers and observing the area of that part of the primer
which has sct back into the firing pin hole, in relation to the
indentation of the hring pin. There must, of course, be a
little play around the firing pin in order to permit it to act
freely and without sticking in its forward position, but the
difference in the size of the hole and the firing pin should
not be excessive. It is well also to examine the firing pin
itself, as the trouble may be due to its wear rather than to
the hole through which it passes.

The amount of pressure developed inside of the primer
is influenced by the size of the vent. If the pressure within
the case were maintained long enough, the primer pressure
would be equal to the chamber pressure but the cycle of
ignition and combustion is so short that there is not time
for the pressure to equalize itself in these two cavities. In
spite of this, the primer pressure will increase as the size
of the vent increases.
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]Iah‘rdhﬁ{'ul@:ms of a 307990 case which has been fired with A

mercuric primer, then polished and etched. This case had split

and streftched at the head, due to cxcess head space in the
action.

showing upsellage of bases of flat base bullets in comparison

with a hoat-tail bullet which does not upset when fired. Up-

settage depends upon Lhe sirncture of the bullet, its hardness,

the force applied behind it and the suddenness with which the
force is applied.

PLATE V.



All of these cases have some difference in vent size or bevel
which would affect the ignition of the» charge differently.

The vent size may he different in various lots of the same make
and caliber of cartridge case.

PLATE VL
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Cracks sometimes occur in the bottom of primer pockets.
This defect is traceable to the use of mercuric primers and
is, 1 believe, limited to folded head cases such as are used
in much of our present day revolver ammunition. As
primers should never be seated without inspecting the
primer pockets first, this defect will be easily observed. Its
effect is to permit an excessive amount of gas to reach the
primer, driving it back violently against the recoil plate of
the revolver, setting back or cracking this part and necessi-
tating sending the arm to the factory for repairs. The webs
can be broken to an extent that will permit the primer to
drive forward without firing at all, then again therc may
be enough resistance to cause the primer to fire. The broken
web can permit a greater amount of flash than normal to
reach the charge and cause over ignition of the powder,
with attendant high pressure.

Some reloading tools have apparently been designed with
more thought about speed of operation than the elementary
principles of reloading, and the operations of decapping and
repriming have been combined with no consideration what-
ever of permitting proper inspection of the primer pockets
before seating new primers. Fortunately, all of these tools
permit the two operations to be divorced from one another
and the reader should be wary of the tool that doesn't.

Primer Pellet. The primer pellet is the fire produc-
ing or business part of the primer and it is made from a
mixture of several ingredients, as there is no one substance
suitable for the purpose..Small arms primers are fired from
the blow delivered by a firing pin and the force available is
limited, making it necessary to use at least one substance in
the mixture that is very sensitive to shock. This element
which starts the burning of the primer is usually called the
“initiator” and it must be a substance that will explode on
receiving a sudden shock or blow from a firing pin. Its
positive action depends upon a second, or frictional element,
which is a rough, hard substance incorporated in the prim-
ing mixture. The third element is the “fuel” or that part
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of the mixturc which produces the flame. This Hame must
be of sufficient length and duration and must produce
enough heat to ignite the powder charge properly. The prim-
ing compound, in its action, can be likened to a blue-tip
match. The tip of the match is the initiator; the rough side
of the box the frictional element, and the head of the match
is the fuel which must burn long enough to ignite the
wooden match stick. A different arrangement, but the same
general idea. Some initiators produce a considerable amount
of heat, but because of their quick, violent nature the heat
does not last long enough to accomplish its purpose. Like-
wise, some frictional elements are good fucls, while others,
notably ground glass do not burn at all but apparently be-
come incandescent when the primer explodes and thus con-
tribute in a way to the ignition of the charge.

It used to be believed that ground glass from primers
caused a scoring of the throats of rifle barrels. The writer
doubts this, for sf the glass becomes incandescent, and there
is evidence to indicate that it does, the hot particles would
be too soft to score the barrel. Besides, ground glass is still
used in some of our present day primers and long series of
shots fired with such primers show no injury to barrels. It
would therefore seem that the old prejudice against ground
glass as a frictional element in primers was unjustified and
that the scoring referred to was in reality due to crosion.
Erosion has only become of interest to ballisticians in com-
paratively recent years and while what 1s known of it is
largely from the standpoint of results rather than causes,
it is certain that the condition is in no way dependent upon
ground glass in primers.

Chlorate Primers. The first initiator used in small
arms pruners successfully was fulminate of mercury. As it
is too quick and violent in its action to make a good primer
by itself, it was combined with potassium chlorate, the latter
being an initiator as well as a fuel. Both of these substances
have formed the basis of primers for small arms up until
only a few ycars ago and our military primers are still made
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without fulminate of mercury, but with potassium chlorate
as the principal ingredient. No primers are made with these
two substances alone, others must be incorporated with them
to produce good priming mixtures. Both chlorate and chlor-
ate-fulminate primers are excellent from an ignition stand-
point, but like all good things, there is some evil in them.
Potassium chlorate primers, when fired, leave a deposit in
the barrel that gathers dampness rapidly, causing rusting,
therefore arms fired with these primers should be cleaned
promptly after firing, preferably with water, as oil or nitro
solvents that do not contain water will not dissolve this
fouling.

Any primer containing fulminate of mercury is termed a
mercuric primer; when fired, the mercury will attack the
brass cartridge case and often render it unfit for reloading—
and the reloaders never did like that.

Non-Corrosive Primers. For many years ammuni-
tion manufacturers have been experimenting with other in-
itiators, in an effort to get away from the corrosive evils of
potassium chlorate, so a few years ago the first of the so-
called non-corrosive primers made their appearance. The
tetm “‘non-corrosive” as applied to these primers is a mis-
nomer as many of them will, by themselves, leave a deposit
on steel that will cause rusting to a greater or less extent.
When properly made, and loaded so that the products of
combustion from the primer are combined in proper pro-
portion with the other products of combustion, the am-
munition is non-corrosive and the fouling from it will not
rust the barrel, The production of non-corrosive ammunition
- requires a study of each caliber and loading of cartridge, as
the quantity and composition of the primer mixture must
be governed to produce both good ignition and non-corrosive
properties,

The great majority of non-corrosive primers being loaded
in factory ammunition at this time contain fulminate of
mercury and the one manufacturer who has been loading
non-mercuric primers is swinging back to the use of ful-
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minate of mercury. Why? Because fulminate of mercury
proeduces heat and its use in these primers makes them
better igniters, without destroying the non-corrosive
properties.

The non-corrosive primers sold for reloading purposes do
not contain fulminate of mercury and while they are of the
so-called non-corrosive variety, they can not be depended
upon to be entirely non-corrosive in their action because of
the inability of the handloader to control the products of
combustion of the powder charge to produce this effect.
They will be less corrosive than the old chlorate primers
but the wise shooter will do well to clean his guns after
shooting them when using reloaded ammunition. Of course
the wise shooter cleans his guns after shooting any kind
of ammunition, so that admonition is probably superfluous.

Another thing to watch out for is the mixing of non-
corrosive primers, that is, firing more than one brand of
primer without first cleaning the bore thoroughly. Each
manufacturer has his own primer formulas and they do not
all use the same ingredients in their primers. The products
of combustion of two different makes of primers, if mixed,
can and may cause rapid rusting of the barrel.

Mercuric Primers. A mercuric primer is any primer
that contains fulminate of mercury, regardless of what other
properties it has. When a cartridge case that has been fired
with a mercuric primer is reloaded and fired again, the brass
will crack to a greater or less extent, These cracks may be
very minute internal cracks, but once they open up they
permit the mercury to penetrate deeper into the brass and it
is only a question of time before the case will crack com-
pletely through. The illustration on Plate X shows an
automatic pistol case that has been fired to destruction. This
case was originally loaded with a mercuric primer, then
was rcloaded and fired three times with primers that did
not contain fulminate of mercury. The result shown in the
picture was brought about by the mercury in the primer
with which the cartridge was originally loaded. It will be
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readily understood that had this condition occurred with a
rifle cartridge loaded with maximum loads, the result would
have been serious for the gun.

Because of the low pressures developed in pistol and
revolver cartridges, mercuric primers are not a source of
danger in the ammunition used in them when loaded with
reduced or even normal loads. The damage that they do is
usually limited to the ruination of the cases after they have
been reloaded a few times. This is not true of ammunition
reloaded with maximum or excessive charges, although
when a handgun lets go the damage is principally confined
to the gun and the hand holding it.

Primer Anvil. Primer anvils arc made of hard
worked brass, that is, they arc made as Hard and stiff as
possible without being brittle. Their form has much to do
with the performance of primers and they are made so they
will serve their purpose even though the firing pin does
not strike precisely in the center of the primer. As both
factory ammunition, and reloaded ammunition the cases of
which have been resized, are a trifle loose in the chambers of
arms, the cartridges naturally lie in the bottoms of the
chambers. The firing pin holes are opposite the centers of
chambers and this frequenty causes the firing pin to strike
above the center of the primer. Looseness in the firing pin
itself may also cause it to strike off center. This can be con-
sidered as a normal condition under the circumstances men-
tioned and primers must function with reasonable satisfac-
tion under such condition. Theoretically, it is an undesirable
condition and can be at least partially avoided by using
cartridge cases that have not been resized near the heads.
Just how much practical difference in ignition may be
caused by the off-center blow of the firing pin this writer
does not know but it must cause some slight difference, at
least if the condition is aggravated. Otherwise the anvil
form would be a matter of small consequence.

When anvils are forced into the primer cups, they are left
flush with or projecting slightly beyond the edge of the cups.
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They are never below the edges of the cups. This is done to
permit the anvil to rest firmly upon the bottom of the primer
pocket, so it will form a solid support to the blow of the
striker. If, for any reason, the anvil is not so supported, the
blow will be cushioned and the primer will not deliver its
full efhciency.

Seating Primers.

This is one of the most important operations in loading
ammunition for, granting that the primer is suitable for the
cartridge and load, failure to seat it properly will defeat
all the care that has been used in the manufacture of the
primer and the loading of the ammunition. The present
non-corrosive primers sold for reloading purposes are pretty
good igniters, butt they have some characteristics that make
it imperative to seat them carefully in order to get uniform
1gmtion.

The older chlorate and chlorate-fulminate primers were
made with wet priming mixtures. The ingredients were
mixed with a gum arabic solution to increase the safety of
loading and the pellets, when dried out, had slightly elastic
properties, due to the gum binder. These primers could and
can be seated with quite a heavy pressure without breaking
the pellets, and ammunition loaded with them will shoot
quite well, even if the primers are seated with sufficient
pressure to mash the cups flat. Not that I recommend this
however. Excessive pressure will increase their sensitivity
as a rule, and while some variation in ignition must occur
when the pressure of seating them is not uniform, they are
no where near as temperamental as the newer primers.

Most of the non-corrosive primers are loaded with a dry
mixture and the pellets are formed only by the pressure
applied to them. These pellets are brittle and are easily
broken if too much pressure is applied to the primers in
seating them. More than one lot of factory ammunition has
been broken down and loaded over again, because the prim-
ing machines exerted a little too much pressure in seating
- primers that had been previously tested and found satis-
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factory. Naturally, it only takes one experience of this kind
to put a manufacturer on his guard against a recurrence,
but the reloader, using hand tools and miscellaneous
cases that do not all offer the same resistance to the primers
when they are seated, must be especially careful with this
operation.

Some reloading tools seat primers by means of a powerful
lever, the leverage being excessive for the purpose. Such
tools must be used with great care when seating primers.
They are alright, but in operating them the operator should
usc more brains than brawn. The Schmitt reloading tool has
an adjustable stop to limit the travel of the priming punch
and, if this stop is properly adjusted for the primers and
cases being loaded, it 1s an effective check against applying
too much pressure to the primer. If it is not properly ad-
justed, all of the primers will be improperly seated. In this
connection, it should be born in mind that the primer
pockets of different makes and lots of cases are not always
of the same depth, even though they are of the same
diameter.

Sometimes a reloader finds that when he has his primers
seated firmly on the bottoms of the primer pockets, they
still project above the heads of the cases. This is almost
invariably due to the use of primers that are of a different
make than the cases and it is a dangerous condition, as a
cartridge with a protruding primer may fire if dropped or
by the closing action of the bolt or breech block, if the action
is closed violently as in rapid fire or in automatic arms. The
illustration on Plate X shows a primer that fired accidently
from this cause. Note that the mark of the firing pin Aole
is visible but that there is no mark of the firing pin itself.
This 1s but one reason why it is advisable to use primers
of the same make as the cases being reloaded.

Primer Pocket Vents. Anocther reason for using
primers and cases of the same make lies in the sizes of the
vents. These vents are of a size suitable for properly igniting
the charge with the primer with which they were loaded
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at the factory. While the primers made by the same manu-
facturer and sold for reloading purposes may not be the
same as those with which the ammunition was originally
loaded, they will be nearer to it than those of another make.

As an extreme example of the importance of vent size to
ignition, the heads of two .38 cases are shown on Plate X,
One is a Remington case using a small primer and having a
relatively smail vent. The other is a Pcters case using a
large primer and having an abnormally /large vent. We can
safcly assume that both of these cartridges were equally
satisfactory as originally loaded, but it is obvious that the
Peters priming mixture used in this instance was less
efficient than the Remington mixture and required a larger
amount of mixture and a larger vent to obtain proper igni-
tion of the powder charge. The kind of powder used may
have had some influence on this however. Now, a large
Remington pistol primer will fit that Peters case verv nicely,
but if we use the Remington primer in it, we will certainly
get over ignition of the charge. The vent is too large and
the greater quantity of more cfficient priming mixture is too
much for this cartridge. A maximum load fired with such
a combination would certainly be dangerous but then, maxi-
mum loads should never be loaded into cases with ab-
normally large vents, if at all. The large vent will permit a
terrific set back of the primer.

If we reverse the order and put a small Peters primer in
the Remington case having a small vent, it is obvious that
the ignition will be insufficient. The quantity of priming
will be too small and the vent isn’t large enough, even if the
case would take a large size Peters primer. This comparison
assumes the use of priming mixtures such as were used in
the original loadings. It does not intend to show that one
make of primer is better than another, but rather that any
primer must be used with the proper size of vent to be
efhcient,

With the older corrosive primers, each manufacturer had
his own formulas but these differed only in minor respects
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and therefore, it was generally permissible to use primers of
different makes than the cases they were loaded into, pro-
vided they were of the proper type and size. This is not
so true of the modern non-corrosive primers. These primers
should only be used interchangeably in different makes of
cases where the primer pocket sizes and the vents are of
the same size.

For the best accuracy and most uniform ignition, the foul-
ing should be removed from primer pockets before new
primers are loaded, so that the anvils will rest on solid brass
rather than on brittle fouling. You will get pretty good
results most of the time if the primer pockets are not
cleaned, but the reloader who really wants to produce good
ammunition will clean them out. This primer fouling is
bulky and can prevent primers from being seated flush with
or below the surface of the case heads. Every precaution you
can take to insure that your primers are seated solidly and
without excessive pressure will be rewarded by improved
accuracy and performance of your reloaded ammunition.

Primer Sizes.

All commercial ammunition manufacturers make two
diffcrent sizes of primers. There is a large size measuring
210 inch in diameter that is adapted for rifle cartridges.
This size of primer is also made for the larger calibers of
pistol and revolver cartridges but the pistol primers, while
the same size, are entirely different from rifle primers. Their
cups are softer and thinner, so they will indent easily under
the lighter hammer blow of hand guns and they contain
pellets of a quantity and kind of mixture suitable to the
ignition of fine grained and easily ignited pistol powders.
They are not suited for use in rifle ammunition, even though
they fit the primer pockets of such cartridges. The cups are
too thin and they will not ignite hard grained rifle powders
well. Their use in rifles is likely to result in pierced primers
with their attendant danger to the aiming eye, in addition
to their unsatisfactory performance.

On the other hand, rifle primers should not be used in
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pistol or revolver cartridges. They are too hot and strong for
igniting pistol powders and may over ignite them, causing
high pressures, also the harder or thicker cups offer too
much resistance to the blows delivered by the firing pins or
hammer noses of hand guns.

The small primer size is .175 inch in diameter. Primers
of this size are also made for both rifles and revolvers and
the same remarks that apply to the large size primer apply
to this size,

The uniformity of primer size in different makes of
ammunition makes it possible to use primers of one make
in cases of a different make and while there is no harm
in using them interchangeably with reduced loads, provided
they can be seated flush with or slightly below the heads
of the cases, it is best to use primers of the same make as
the cases, for reasons given above. This is especially true
when reloading ammunition with full charges.

The two sizes of primers just mentioned are suited to all
calibers of cartridges with three exceptions. The caliber .45
automatic pistol cartridge as manufactured by and for the
U. S. Government uses a special size of primer which is
manufactured at the Irankford Arsenal. This primer 1is
known as the Cal. 45 number 7o Frankford Arsenal
primer. Tt is 204 inch in diameter and can only be pur-
chased by N.R.A. members, through the office of the
Director of Civilian Marksmanship. This size of primer can
not be used in any other cartridge than the .45 Automatic.
It will not fit commercial cases of this caliber, nor Win-
chester cases manufactured for the Government during the
World War. These latter cases take the large size com-
mercial pistol primers, The F. A. number 70 primer is a
potassium chlorate primer and 1is moz non-corrosive, It 1s,
however, an excellent primer.

For a short time the Winchester Repeating Arms Co.,
manufactured .30-06 ammunition taking a special large size
primer .225 inch in diameter and known as their number
225 primer. This was one of the first non-corrosive primers
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manufactured and is still obtainable, although now obsolete.

The third and only other exception in primer size is
loaded in a lot of Peters Cal. .30-06 ammunition made for
the Government. This primer is the same, or about the
same size as the F. A, Cal. .45, No. 70 primer., As far as the
writer knows, this primer can not be obtained through
commercial channels and none of the commercial primers
will fit this particular lot of cases.

Note: .32-20, .38-40, and .44-40 cartridges are used in both
pistals and revolvers. When reloading them for rifles, use
rifle primers but if they arc reloaded for revolvers, revolver
primers should be used.

Table of Primers.

Large Small Large Small
MAKE KIND Rifle 4  Rifle Pistal Pistol
No. Diam, |No. Diam. |[No. Diam. {No. Diam.
Remington. | N.C.—N.M. |g 2106 175 |21 .210(1 175
Hici_HiHi ;EE ..2 Iu yl * Jlrllrz
Peters. .. .. | N.C.—N.M. |12 210|865 JA75020x .210|10 175
] NC—MNM.[20B 0 1 | P P | . 175
Winchester | N.C.—N.M. |120 .210|116 1750111 210|108 175
: N.C.—N.M. [115 .zlg }?g W Eg
21 .
Chlorate ;Fﬁ 210
N.C.—N.M. |12% 225
Western. . . | N.C.—N.M. | g1, 210|614 17517 2101115 175
Mercuric gin G .2100..... R A ) £ = R )
Frankford
Arsenal. . [Chlorate 70 Cal Y [ L 3 Y |
A0 0 210 45 204

LUnited States primers are identical with, and have the same numbers
as Winchester primers.

*For black powder only.

Remarks:

N.C—N.M. indicates MNon-Corrosive, Non-Mercuric,
The Chlorate primers listed are non-mercuric but not non-corrosive,

The Western Nos. 82 G and 1% B primers are mercuric and contain
a corrosive mixture. The Western %:artrldge Co. does not ship mercuric
primers for reloading unless they are specifically ordered by number. In
this case the mercuric primers are shipped it being assumed that the pur-
chaser 15 familiar with their nature., The B G primer is used in the
Newton, .300 Magnum and .30-06 Match ammunition and is an excellent
igniter but cases fred with it should mof be reloaded with full charges.

The Winchester Mo, 108 W primer is used in the small pistol and re-
volver cartridges such as .32 5. & W, and .32 Automatic. No. 112 is used
in the .38 auto and .455 Colt. MNo. 108 takes care of all other cartridges
using the small pistol size,

The Peters No, 20 B is used only in the .38 and .44 W.C.F. cartridges.
IThe Peters No. 10 primer is now obsolete as are the Remmington 814 and
Winchester No. 225.



64 Hanproaper's ManuaL

Primers as a Means of Estimating Pressures.

It is useless to attempt to estimate chamber pressures by
the degree of flautening of the primer. The newer non-
corrosive primers ar¢ so violent in their action that they
flatten nearly as much when fired with no powder at all, as
when fircd with the case full of powder.

Potassium chlorate primers, namely the Frankford Ar-
scnal No. 70 and Winchester No. 35 NF (non-fulminate)
will give more or less progressive flattening as the powder
charges are increased, but even they are unreliable as a
means of estimating with any degree of accuracy what the
maximum chamber pressure is. The excessive flattening of
any primer should always be heeded as a sign of high
pressure, even though this fattcning may be due to other
causes. Pierced primers are a sign of high pressure, as are
primers that leak or permit gas to escape around them.

SMALL LEAK BAD LEAK PUNCTURED PRINER



Chapter Three

POWDER.

Gun powder or Black Powder as it is often called, is the
oldest propellant known for use in firc arms. As made for
small arms, it is usually a mixture of potassium nitrate,
sulphur and charcoal. Sodium nitrate is used in place of
potassium nitrate in blasting powders which, by the way,
should not be used in small arms ammunition as the sodium
nitrate makcs the powder more violent in its action. It also
increases the tendency of the powder to gather dampness
and is more difficult to ignite.

Originally, gun powder was in fact a “powder”, the in-
gredients being simply ground up together, but for many
years it has been made in a granular form. While none of
our propellants are in reality “powders”, that name has
been attached to propellants for fire arms for so long that it
is inseparably associated with them. The composition of
black powder varies only slightly in different countries, the
proportions being about 75% potassium nitrate (saltpeter),
10% sulphur, and 15% charcoal. The nitrate and sulphur
must be of exceptional purity and enly a few woods are
suitable for making the charcoal. As a boy, the writer used
to make his own black powder of about a 60-20-20 mixture.
The saltpeter used was the ordinary commercial product and
undoubtedly contained chlorate, perchlorate or even chlo-
ride. The sulphur was ordinary drug store, powdered sul-
phur, which usually contains some sulphuric acid, and the

6s
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charcoal, by the grace of God, was made from willow
because it was found that willow charcoal would pulverize
better than some others. The charcoal was correct but it will
be seen that about everything else was wrong, including the
method of manufacture, which need not be gone into here.
At the time, the product seemed to be a great success; it gave
a loud report and produced much smoke but the manu-
facture of good black powder is no job for a child and
requires much special equipment and above all, experience
and skill. In some forms, its manufacture is baffling even to
experts.

The process by which black powder is made may be
described briefly as follows: The ingredients, of proper
purity, are mixed together thoroughly and sifted. They are
then “milled” or ground together in special stone or iron
mills, with precautions to prevent friction or sparks, which
makes a very fine and homogeneous mixture of the powder.
It is next pressed into hard cakes or blocks which are dried
and broken up to form the granules. These are graded for
size by passing them through screens, which permit the
largest permissable grains to pass through. The powder is
caught on other screens that only permit the dust and
grains that are too small to pass through. These grains are
glazed by rotating the powder with graphite in closed
cylindrical drums, after which the powder is again sifted to
remove graphite and dust. The milling operation takes
hours and this, as well as practically all other operations, are
attended by danger of explosion unless special safety pre-
cautions are constantly observed. In fact, black powder is
one of the most, if not the most dangerous of explosives to
make, handle and store, because of the ease with which it
can be ignited; a static spark may sct it off and in loading it
by machine there is a danger to a degree that does not exist
when loading smokeless powders. On the other hand, black
powder is the safest for handleading purposes. The proper
method of loading it in any cartridge is to use a charge
that will fill the case to a point where it will be compressed
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slightly, or packed by the base of the bullet when the latter
is scated to the proper depth. An over charge is practically
impossible if the proper size granulation is used.

Black powder, as supplied for reloading purposes, comes
in three different granulations. FFFg is the finest and is
used only in cartridges of small capacity. FFg is the medium
size of granulation and has the widest application of the
three. It is used in all medium size cartridges. Fg is the
coarsest granulation and is suitable only for use in large
caliber rifle cartridges.

It is said that when black powder is fired it gives off
about 44% of gaseous and 56% of solid products; herein
lies its great fault and lack of efhciency as compared with
smokeless powders. The expanding gasses are the only part
that causes movement of the bullet and the only way the
velocity of a bullet may be increased with black powder is
to increase the amount of powder that is burned behind
the bullet, so as to produce more gas. The effort to obtain
increased range and power in black powder cartridges can
be seen from a study of the cartridges in common use about
fifty years ago. The cases were continually being made with
larger powder capacities to accomplish this result, but black
powder, for sporting purposes, has largely gone into the dis-
card in favor of the more cficient smokeless. The writer can
remember when powder mills were fairly common estab-
lishments around the country and what ramshackle edifices
they were. The practice was to build a stout skeleton frame-
work of beams with a good strong roof with a flock of
decrepit boards tacked on the sides. [ believe the rule was
not to use more than one nail to a board and for a very
good reason. The workmen mixed the batches or prepared
them for other operations and left the building. The ma-
chinery was started from outside, by remote control and was
allowed to run for the proper length of time, after which
it was shut off and the workmen returned. When, as
occasionally happened, a “blow” occurred, the explosion
followed the path of the least resistance and blew the build-
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ing as clean of boards as a plucked chicken is cleaned of
feathers. It was rare indeed for anyone to get hurt and all
the boys had to do was gather up the boards, tack them in
place, clean up the machinery and business went on as usual.

But to get back to the powder itself. Black powder gives
a rather heavy recoil as compared with smokeless. This is
due to the large amount of solids produced when the
powder is burned; about 56% of the weight of the charge,
which, from the standpoint of recoil, is just like adding that
much weight to the bullet.

Recoil is divided into two parts; the primary recoil which
i1s due to the velocity and weight of everything that goes
out of the muzzle of the gun as opposed to the weight of the
gun itself. The products of combustion and the bullet that
leave the barrel are known as the ejecta and include the
weight of not only the bullet and solids of combustion but
the weight of the gasses as well. If the cjecta were cqual in
weight to the weight of the gun, the gun and the ejecta
would leave each other at equal velocities when the gun
was fired but, of course, guns are much the heavier of the
two and consequently recoil at a very much lower velocity.
The sccondary recoil 15 due to the expansion of the gasses
against the atmosphere, it also pushes the gun to the rear.

When smokeless powders are fired, they also decompose
into gasses and solids, but the solids represent only a small
percentage of the total and they develop a much larger
volume of gas than an equal quantity of black powder. This
means that they can give bullets a higher velocity than is
possible with black powder and that they are relatively free
from fouling and smoke. This means that the weight of
the cjecta is less, which makes for a reduction in recoil, but
Er: velocity of the ejecta is increased which partially offsets

15.

Smokeless powders are more difficult to ignite than black
powder and when first introduced, the black powder primers
then in use would not ignite it properly. It was common
practice to placc a small priming charge of black powder



Series of spark photographs made by the late Capt. Philip Quayle

for Col, R. M. Cutts and published with the permission of the

latter. These show how gas escapes between the expanded neck

of the cartridge case and the bullet, before the latter staris

forward. If Lhe necks did mot let go of those bullets first, how
did that gas get out ahead of them?

PLATE VII.



Berdan Primer Pockets.

The case on the left is an old Sharp’s folded head case. The one
on the right shows the conventiomal form of anvil and is of
recent manufacture,

Berdan primer pockets with central flash hole through the anvils

te permit pushing fired primers out. The center case is an old

A40-90 Ballard case, probably over 50 years old. The cases flanking
it are of recent manufacture.

PLATE VIIL
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in the base of a cartridge before loading the smokeless
powder charge, in order to get pood ignition. The primer
would ignite the black powder which, in turn, would pro-
duce an adequate amount of flame and heat to ignite the
smokeless. This practice should nor be followed in loading
ammunition today, unless the circumstances are exceptional.
With full charges of smokeless powders and modern primers,
the addition of a black powder priming charge will in-
crease the rate of burning of the charge over the expected
point and can easily cause dangerous pressures. These prim-
ing charges may be used with reduced or low pressure loads
but will rarcly contribute anything to the performance of the
ammunition.

Regarding the use of black powder in bottle neck car-
tridges, it can be used and if the barrel is kept clean, very
good accuracy can be obtained with it. The objection to
its use in these cartridges lies in the inability to compress
the charge well, as the bases of bullets are smaller in area
than the cross section of the powder charge. This will in-
crease the fouling slightly but the principal dificulty relates
to the large volume of powder in relation to the small bore.
Remember that over half of the weight of the charge turns
into fouling and smoke. A bottle neck cartridge of small
caliber chokes the free passage of the products of combus-
tion and not as much of it blows out of the muzzle of the
gun as from a cartridge having a straight case, the inside
diameter of which is approximately equal to the diameter
of the bullet. A heavy deposit of fouling will quickly pack
into the grooves of the barrel and render the arm inaccurate
until it is cleaned out. For removing black powder fouling
there is nothing better than water, and some very nice shoot-
ing can be done if the bore of the arm is wiped out with
a wet patch after every few shots.

Semi-Smokeless Powder

Semi-smokeless powder is a mixture of black and smoke-
less powders, the two being incorporated during the process
of manufacture. One doesn’t hear much about it, but it is
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probably the best of all powders for a reloader to begin on
and it is unfortunate that the manutacturer does not adver-
tise it more widely. It is made in a variety of different
granulations and can be used in all cartridges whether
straight, tapered, or bottle-neck and in all calibers of rifles,
revolvers and even shotguns. It does not leave the heavy
fouling of black powder and while not as clean burning
as smokeless, one can, nevertheless, fire long series of shots
with it without fouling the barrel enough to affect accuracy.
It may be mcasured with perfect safety with dip measures
and is usually loaded in the same volume as black powder,
although it 1s not advisable to compress the charges as with
black powder.

Semi-smokeless charges, while of about the same volume
as black powder charges, are much lighter in weight, as
black powder has much the higher specific gravity of the
two. The only possible danger in loading semi-smokeless
lies in over-compressing charges or using a finer granula-
tion than that recommended for the cartridge being loaded.
If you can not get the granulation you want or have some
on hand that you wish to use up that is not of the proper
granulation for the cartridge being loaded, use a coarser
granulation rather than a fner onec. If a finer granulation is
used, the charge should be cut down about ten percent. This
is a good safe rule to follow, even though it is not ncces-
sary to do so with all cartridges.

Semi-smokeless powder is manufactured by the King
Powder Co., Kings Mills, Ohio. It is moderately priced and
can be shipped by express anywhere in the United States.
The manufacturer can supply leaflets with tables of charges
showing the correct granulation for all calibers of cartridges.
Because of the simple method of loading and the nature of
the powder, semi-smokeless is useful in loading odd calibers
of European cartridges for which no smokeless powder
loading data is available in this country. To select the proper
granulation for such a purpose, compare the forcign car-
tridge with the nearest American cartridge to it in caliber
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and capacity, then get the powder recommended for the
American cartridge. If your cartridge is a little larger in
caliber or holds more powder than the American cartridge
nearest to it, use the next larger granulation of semi-smoke-
less powder. For making comparisons, an ammunition cata-
logue will do as the illustrations in these catalogues are
usually made the actual size of the cartridges.
Lesmok Powder.

It is unlikely that anyone who reloads ammunition waill
cver run into any of this powder but if the rcader should
by chance come into possession of any of it, get rid of it
quick. By getting rid of it I mean dump it on the ground
and burn it, or throw it in the creek. This powder is used
today in loading .22 caliber, rim-fire ammunition and it is
probably the most dangerous powder to load that there is.
Lesmok powder acts like semi-smokeless with respect to the
fouling that it leaves in the bore of a firearm but that is
as far as the similarity goes for Lesmok is a mixture of
black powder and GUN COTTON. It ignites easily and
can be fired by friction or by a blow. Even in the hands of
those thoroughly familiar with it in the ammunition plants,
flare-ups occur with it and it is only because of special pre-
cautions and safeguards that these are not serious.

Smokeless Powder

This is the type of powder that is most widely used for
handloading ammunition as well as in ammunition manu-
facture. Any reloader who can follow simple directions and
who is willing to stick to the more moderate charges of
powder can use smokeless powders with safety and entire
satisfaction, but when using full charges or departing from
recommended loads in any detail, one’s knowledge of
powder can not be too complete,

Smokeless powders, unlike black powder, are chemical
compounds rather than mechanical mixtures. No two
powders are alike and as the chemical reactions and com-
binations that take place during the manufacturing process
can not be controlled exactly, there is often a considerable
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difference in the performance of two batches or lots of the
same powder. The power of powder is dependant upon the
amount of nitrogen that it contains. In black powder, the
nitrogen is contained in the potassinm or sodium nitrate
that forms a part of it. As these substances can be accurately
measured and as their nitrogen content is definitely fixed,
it is possible to get the same amount of nitrogen into each
batch of powder. This is not true of the manufacture of
smokeless powder, the body of which is nitrocellulose. Nit-
rocellulose, as used in American powders, is cotton waste or
linters nitrated by treating with nitric and other acids. After
nitration, the acid is washed out by boiling in changes of
water for several hours. The water is removed from the ni-
trated cotton first by centrifical wringing, then the remainder
by forcing alcohol through the wet cotton, the alcohol dis-
placing the water.

The nitrocotton 15 then reduced to a plastic gelatin-like
condition by the use of suitable solvents in mixing ma-
chines during which process the stabilizing agents, salts,
or deterrents are incorporated. Much of the solvent used
is recovered and used over again.

The amount of nitrogen taken up by the cotton depends
upon the strength of the acids used, as well as the length
of time the cotton is exposed to the nitration treatment,
Some of the nitrogen taken up by the cotton is lost in the
later washing and boiling purification process. Large blends
of the nitrated cotton are made so that the average nitrogen
content is virtually the same from lot to lot.

The gelatinized nitrocellulose is squeezed through dies
and formed into strings of a size suitable for the ultimate
purpose the powder is to serve, either as a solid string or
with a small hole through the center, after which it is cut
into grains of the proper length and dried. -

Smokeless powders are divided into two classes; nitro-
cellulose or single base powders which are of nitrocellulose
with a stabilizer salts, deterrent, etc., and nitroglycerine
or double base powders which are made from nitrocellu-
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lose also but with nitroglycerine added, with or without a
stabilizer or deterrent. A stabilizer is an agent used to arrest
any chemical action in the powder so that it will not dete-
riorate rapidly in storage; diphenylamine or crude vaseline
being used extensively for this purpose.

There has been much argument over the relative merits
of nitrocellulose and nitroglycerine powders, it being claimed
that the latter are much more erosive than the former. This
is probably true with powders containing a large percentage
of nitroglycerine because of the high burning temperatures
developed, but if the quantity of nitroglycerine is not large,
there is little diffcrence in the erosion caused by the two
types of powder. When used in reduced loads, neither of
these powders are erosive. In making nitrocellulose powders,
it is impossible by any practicable means to recover or drive
off all the solvents and anyone opening a fresh canister
of nitrocellulose powder will readily detect the strong odor
of ether. The remaining volatiles, or solvent in the powder,
will gradually evaporate and will do so more rapidly if the
powder be stored in a warm place. This changes the bal-
listic properties as the solvents act as a deterrent and their
loss consequently somewhat speeds up the burning rate of
the powder and higher pressures will result. The reader
should not be alarmed at this statement as our nitrocellu-
lose powders will stand long storage under proper con-
ditions. -

Nitroglycerine powders, on the other hand, use a smal-
ler amount of acetone solvent becaues of the solvent power
of the nitroglycerine, and hence the grains are not apt to
change due to solvent loss, no matter how long the powder
is stored. Nitroglycerine powders are the ecasier of the two
to ignite, they burn a litle more uniformly, and because
of their higher nitrogen content are more powerful, which
means that they can be used in smaller charges than nitro-
cellulose powders to develop the same ballistics. Because of
their case of ignition, nitroglycerine powders are not so
susceptible to primer faults as other powders. The reader
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may suspect that I am prejudiced in favor of nitroglycerine
powders. I am and because I have always been able to get
just a wee bit better results with them. It should be borne -
in mind, however, that one persen’s opinion doesn’t prove
a thing, nevertheless, it is perhaps significant that some of
the new line of duPont powders contain nitroglycerine.
And this after the long years that the duPont boys have
preached about the horrors of nitroglycerine in powders,
years, by the way, during which the duPont Co. made noth-
ing but nitrocellulose powders. Well, they are nice boys
just the same and the new powders are excellent.

For many years much has been made of the erosive prop-
erties of nitroglycerin powders. It is true that nitroglycerine
powder 1s more crosive than nitrocellulose powders but
only when the nitroglycerine content is high, This is largely
due to misunderstanding, and the fact that the corrosive
effect of the older type primers was generally attributed to
the erosive properties of the powder instead of to the
primers where the fault actually lay.

Glycerin is just one of many substances that will take up
nitrogen when treated with nitric acid. When nitro-glycerin
is added to nitro-cellulose it simply increases the poten-
tiality or nitrogen content of the resultant powder. If two
charges of powder of equal volume, one containing nitro-
glycerin and the other being of straight nitro-cellulose, are
fired in the same chamber under the same conditions, the
powder with the higher potential will develop the greatest
amount of heat. As heat is closely related to the subject of
erosion, the powder of the higher potential will be the
most erosive. This forms the basis of the statement that
nitro-glycerin powders are more erosive than nitro-cellulose
powders, but the hitch comes in that the two kinds of
powder are not loaded in equal volume. Because of the
higher potential of double base powders, smaller charges
of them are required than single base powder to impart a
given velocity to a bullet, and the pressures developed by
the double base powders are frequently less than those that
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must be developed by a straight nitro-cellulose powder to
obtain the same velocity. As the heat, or burning tempera-
ture produced, is influenced by the chamber pressure a
double base powder will sometimes develop less heat and
consequently be less erosive than a straight nitro-cellulose
powder. The mere fact that a powder has nitro-glycerin in
it means nothing in itself as far as erosion is concerned.
The whole matter is one of potential or nitrogen content
and it is possible to produce a nitfoglycerin powder of
lower potential than a straight nitrocellulose powder.

The DuPont Company has for many years been iden-
tiied with the manufacture of straight nitrocellulose
powders. Their new line of LM.R. Powders are of this
class and are excellent, Their new Pistol Powder No. 6,
however, contains a small percentage of nitro-glycerin and
this powder, because of its easicr ignition and more uni-
form burning, is a considerable improvement over the now
obsolete single base Pistol Powder No. 5.

The manufacture of nitroglycerine powder differs from
the manufacture of nitrocellulose chiefly in the addition of
the nitroglycerine. The proper amount is added to the dry
nitro cotton, which is afterward worked thoroughly in a
mixing machine. The mineral jelly or stabilizer is added
while the batch is being mixed with the solvent, as
with straight nitrocellulose powder. The general manufac-
turing process is the same for both and as this book pertains
to the reloading of ammunition rather than to the manufac-
ture of powder, the details of the process of making powders
1s purposely omitted.

Rate of Burning. Uniform ballistics or uniformity
from one shot to another, can only be obtained by a uni-
form rate of burning of the powder. The rate of burning
of any powder is therefore of the utmost importance in
obtaining good accuracy and as the burning rate, especially
of smokeless powders, is not fixed entirely by the composi-
tion of the powder itself, it is important that the handloader
understands something of this.



76 Hanproaper's MaNuaL

If some black powder is ignited in the open air, it will
burn with a quick flash, while smokeless powder burned
in the open is consumed slowly. The rates of burning of
these two classcs of powder, when burned in the open, are
obvious. When smokeless powder is loaded into a small arms
cartridge and fired in the usual way, it burns quickly, there-
fore the rate of burning of smokeless depends upon the
degree of confinement under which it is burned and this
degree of confinement varies with the caliber and shape of
the cartridge case and the amount of powder used, as well
as a number of other things. In order to get this matter of
rate of burning more firmly fixed in our minds, let us
consider another simple example.

If a dry piece of string a foot long be ignited at one end,
it will burn slowly until entirely consumed. Now, if we
take a strip of pure nitrocellulose the same length as the
string and ignite one end of it, it will be found to burn
more rapidly than the string but, like the string, it will
burn progressively from one end to the other. If a one foot
strip of nitrocellulose having nitroglycerine incorporated in
it is burned, it will be consumed more rapidly than either
the string or the pure nitrocellulose. In short, the three
substances have different rates of burning. The rate of burn-
ing is merely the speed with which any substance is con-
sumed by burning and is usually measured in feet or
meters per sccond. It is governed by the amount of oxidiz-
ing agents present or, in other words, the amount of the
substance that turns into oxygen when decomposed. It so
happens that nitroglycerine is the only organic explosive
that contains more oxygen than is necessary to burn it com-
pletely when excluded from the air and its incorporation in
powder helps the combustion and increases the rate of burn-
ing, therefore, nitroglycerine powders burn more rapidly
than nitrocellulose powders, all other things being equal.
There are ways of controlling the rate of burning of powders
other than by their chemical compesition, as' we will see
presently.
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Getting back to our strips of powder, if twelve one inch
picces of powder are all ignited at the same instant, they
will be consumed in one twelfth the time required to burn
a single strip one foot long, T'wenty-four one-half inch pieces
will burn in one-half the time required to burn the one inch
pieces, etc. Therefore, the burning time is also affected by
the size of the pieces of powder and the area that is ignited.
The rate of burning is also affected by, not only the size of
the pieces or grains of powder, but by their shape as well.

When a cartridge is fired the powder charge “explodes,”
the explosion being nothing more than rapid combustion or
burning of the powder. In burning, the outer surfaces of the
grains are consumed first, the grain decreasing in size as
successive layers are consumed until the grains are entirely
consumed. No matter how fast the powder burns, it always
burns towards the center of the mass. Combustion is the
oxidation of a substance and burning is rapid oxidation and
is accompanied by the production of hecat, and the rate of
burning influences the heat or temperature produced. By
way of example, we can consider a picce of wood. If ex-
posed to the elements for a period of time it will decompose
or rot. If ignited, it will decompose by burning, but the de-
composition will be rapid and accompanied by the produc-
tion of heat. The decomposition is, in both cases, due to
oxidation and, believe it or not, the heat produced in both
" cases is the same, In the process of decay, the heat is given
off so slowly and is so quickly dissipated that there is no
measurable rise in temperature, as when burning takes
place, and likewise, in both cases the decomposition starts
on the outer surface and works toward the center of the
mass.

Up until 1860 gunpowder was used in solid granular
form, or for artillery was pressed into solid blocks or cakes
of various sizes and shapes. Powder of any kind burns from
the exposed surface toward the center of the mass and the
work that it can do depends upon the amount of gas given
off. The area of a solid grain of powder is reduced and the
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grain becomes smaller and smaller until 1t 1s entircly con-
sumed, consequently it will give off the greatest volume of
gas at the instant that the entire surface is completely ig-
nited. When burned in a closed chamber, the expanding
gasses build up pressure that in turn forces the bullet or pro-
jectile forward. One of the laws of moving bodies having
weight is that they can not be set in motion except at the ex-
pense of time and even after the chamber pressure is above
that required to overcome the weight and inertia of the bul-
let and impress it into the rifling of the barrel, a certain
amount of time is required to accomplish this. After the
bullet once commences to move, the space in which the
gasses are expanding continually and rapidly increases, as
the bullet moves along the bore. This additional space re-
lieves the chamber pressure and it is desirable to have the
gasses reach their maximum pressure after the bullet 1s in
motion. The ideal condition would be to have the pressure
rise gradually until the bullet starts to move and to continue
to rise, accelerating the bullet all the way to the muzzle of
the arm. This would develop tremendously high velocities
but it is impossible of accomplishment. On the contrary, the
thing that must be avoided is having the pressures rise so
rapidly that they exceed safe limits before the bullet has
timie to move, or to move far enough to leave enough space
behind it for the gasses to expand in with safety.

Black powder is porous and if burned at too high pressure,
the gasses will be driven through the grains causing almost
instantaneous ignition and dangerous pressure. Smokeless
powders, because of their close grained and horn like na-
ture will stand higher pressures than black powder, but
there are limits to the pressures that even they will stand.

As solid grains of powder evolve the most gas at the
instant their entire outer surface is aflame, it stands to reason
that in a closed chamber they develop the maximum pres-
sure at this point. Powder charges do not ignite throughout
at once. The primer ignites the rear of the charge, more
or less of which burns, causing the development of heat and
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pressure which ignite the remainder of the charge and ac-
celerate the burning. We have seen by comparison that the
pressurc under which powder burns affects its rate of burn-
ing by comparison with powder burned at atmospheric pres-
sure and when fired in a gun; the higher the pressure, the
faster the burning. Consequently, the rate of burning and
the rise in chamber pressure is a progressive and accelerated
phenomenon, each promoting the other. With solid grained
powders the maximum pressure is reached quickly and the

rapidly decreasing burning area of the charge causes it to
fall off rapidly.

In the year 1860, Col. T. J. Rodman conceived the idea
of making artillery powder in the form of large washers
that would just fit the chambers of the guns it was to be
fired in. His theory was, that if the inside of the washers
were ignited, the burning area of the charge would increase
and there would be a constantly increasing volume of gas
to accelerate the projectile which would increase the muzzle
velocity; and practice bore out the theory. The form of the
pressed powder soon changed but the principle was main-
tained and this was the forerunner of our present perfor-
ated powders. These powders burn both from the inside
and the outside at the same time and as the outside area
decreases, the inside area increases. Once a charge of tubu-
lar grained powder is fully ignited, the rate of burning is
much more even than with solid grained powder but the
grains burn from the ends and constantly decrease in length
and it, like any other powder, is subject to the influence of
the increased burning space due to the movement of the
bullet. That tubular powder does burn from the inside as
well as the outside is easily proven with a piece a couple
of inches or more in length, such as Cordite, used by the
British Army. Light one end of it and, by blowing hard,
the fire on the outside can be blown out but the inside will
continue to burn. Another example of this can be found in
artillery powder which has a number of holes through it.
When such powder is fired, the arca of all the holes in-
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creases until they meet and the little triangular pieces that
are left arc blown out of the gun. They can usually be found
on the ground out in front of the gun and are known as
“powder slivers.”

By using perforated powder grains it was possible to get
higher muzzle velocities than formerly because the more
uniform burning gave a more sustained pressure and greater
acceleration to the bullet, but the maximum pressure was
still reached after the bullet had moved only a very short
distance along the bore. Ballisticians were (and sall are)
working to delay the initial rate of burning of the powder
until the bullet has moved further forward before “giving
it the gun” in the form of accelerated burning of the charge
and a greater gas volume. The increased space provided by
the movement of the bullet would permit this to be done
without causing dangerous pressure, but the trick was to
do it. A considerable amount of progress has been made
along this line since the World War. Some powders are now
coated or impregnated on the surface with substances that
slow up their initial rate of burning. These powders are a
little harder to ignite than plain burning powders but the
surface of the grains burns slowly, relatively speaking, and
builds up the chamber pressure more slowly, giving the
bullet more #me to move forward and allowing it to move
farther forward before the flame reaches the unimpreg-
nated and fast burning part of the grains. The greatest
liberation of gas occurs after the bullet is in motion and
while the position of the bullet at the time the highest pres-
sure is reached, has only been advanced a fraction of an
inch by the use of coated powders, even this small amount
has resulted in a great increase in muzzle velocities.

It is unfortunate that the factors influencing the rate of
burning of powder, and especially of smokeless powder,
can not be explained in a few words but the phenomena are
so involved and inter-related that it is difficult to explain
some of them at all. The factors thus far discussed that
affect the rate of burning may be summed up as follows:
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1. The chemical nature of the powder itself.

2. The physical nature of the powder. (Hard-
ness or porosity).

3. The degree of confinement under which it is
burned.

4. The pressure under which it burns. {Related to
confinement and temperature of burning).

5. The temperature of burning. (Related to con-
finement and pressure).

6. The size of the powder grains.

7. The shape of the powder grains.

8. The strength and heat of the primer,

Practically all of these factors represent things over which
the handloader has no control whatever and the discussion
of them therefore becomes purely academic. But there is
one of them that can be and must be observed and controlled
when reloading ammunition. I refer to the confinement of
the charge.

Density of Loading, The relation of the volume of
the powder charge to the volume of the chamber it is fired
in 1s called the density of loading and the more nearly equal
the two become, the higher the density of loading is said
to be. The two things that increase the density of loading
or confinement of the charge when reloading ammunition
are: an increase in the quantity of powder used, and in-
creasing the depth of seating of the bullet. The increased
confinement alone from either of these causes will cause
greater pressure to be developed in the chamber, to say
nothing of that caused by the additional gas liberated by
the heavier charge of powder. When loading full charges
of powder in any cartridge, any increase in the scating
depth of the bullet over the recommended depth of seating
should be accompanied by a corresponding decrease in the
volume of the powder charge. With reduced charges, the
depth of seating of the bullet is not important from a safety
standpoint, provided the reduction in the charge is suffi-
cient to off-set the additional space occupied by the bullet.
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These two factors are not exactly in direct proportion, as
any decrease in the charge is accompanied by a reduction
in the total amount of gas given off, but a handloader will
never get into trouble by considering them as directly pro-
portional.

Some cartridges have a low density of loading normally.
The revolver cartridges, most of which were designed to
use a large bulk of black powder, are examples of these.
Loaded with smokeless powder, the charge occupies only
a small part of the cartridge and with any normal charges
and bullcts, the depth of seating of the bullet is not critical
and can be increased slightly if necessary, When, however,
deep scated wad-cutter bullets are used, the confinement of
the charge becomes too great and must be compensated for
by a hollow in the base of the bullet, a reduction in the
powder charge, or both.

Two other factors that affect the rate of burning and
which may be listed in continuation of those previously men-
tioned are:

g. The volume of the powder chamber in rela-
tion to the sectional area of the bullet.
10. The shape of the powder chamber.

The sectional area of the bullet is directly related to the
caliber. Because of the differences in volume and shape of
different cartridges, the powder charges recommended for
one will not give the same ballistics in another cartridge
even though the other cartridge is of the same caliber.
Likewise, if two cartridges had the same powder capacity
and used thé same bullets, charges would not be inter-
changeable in them because of differences in the shapes of
the chambers for them. I know of no two cartridges in which
this condition exists, outside of a few experimental ones
and the comparison is offered only as a hypothetical one.
Even a change in the angle of the shoulder of a bottle-neck
cartridge is sufficient to cause a considerable difference in
the way the powder charge burns. By change in angle of
the shoulder, I mean a deliberate and appreciable reform-
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ing of the shoulder and not any slight change that may
take place when the case expands to the limits of a normal
chamber. .

Tolerance and Balance Point. If all powders burned
exactly alike and burned uniformly regardless of chamber
volume, caliber, bullet weight, etc., we would only need
one powder for loading all calibers of cartridges. But they
don’t. Each powder has its own peculiarities and limitations
of use, for reasons already explained and each one has a
point in its pressure curve at which it burns best. This
point is called the balance point.

When, for example, the bolt of a rifle is being designed,
its outside diameter is fixed at a dimension that will permit
it to work freely back and forth in its receiver. As it is very
expensive to make mechanical parts to exact dimensions,
some allowance must be made for slight variations that are
bound to occur in commercial preduction, due to wear of
the tools, etc. It is necessary, therefore, to establish the
maximum diameter of the bolt at a point where it will not
stick or fail to operate and the minimum diameter so it
will not be a loose and sloppy fit. This gives the workman a
litle latitude to work in and still produce a satisfactory
bolt. The permissible variations above and below the stand-
ard, or ideal, dimension are known as the tolerance. It is
just so with smokeless powders and each one of them has a
limit of pressure above and below the balance point, with-
in which they will burn efficiently and uniformly and this
range of pressures is also called the tolerance.

If a powder is burned at a pressure below the lower limit
of its tolerance, it may fail to burn uniformly and this will
cause variations in velocity and poor accuracy. Even though
the burning is fairly uniform, it may not be complete and
part of the powder may break down into products that are
injurious to the barrel. If the nitrates are not consumed,
they can gather atmospheric moisture and form minute
quantities of nitric acid which will cause rapid rusting, re-
gardless of any magic non-corrosive primers. It is bad busi-
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ness to burn powders at pressures below the lower limits
of their tolerances, but it is not unsafe.

As pressures approach the upper end of the tolerance, the
pressures are still safe, even though they may be high, but
they are approaching a pressure level at which they will
burn erratically. The upper limit of the tolerance does not
represent a point which, if exceeded slightly, will cause
bursting pressures. It does represent a point beyond which
the pressure developed can not be predicted with any degree
of certainty. When this point is exceeded and whether the
excess pressure is due to too much powder, too hot a primer,
too large or hard bullet, or a bullet that is too heavy or too
deeply seated for the charge, the pressure and velocity will
become erratic. Loads developing pressures toward the upper
limit of the tolerances are known as “maximum permissible
loads”. They are not to be confused with maximum loads,
about which more and very bad things will be said later.
Erratic pressures are jumpy, uncertain pressures. A person
may exceed the maximum permissible load for a certain
powder and cartridge and apparently get away with it
shooting his ammunition in blissful ignorance of the way
the pressures are jumping around. Then, for no apparent
reason, one goes sailing up to the sky and he finds himself
with his rifle in two pieces, one in each hand. Or maybe
somebody else finds him. “Why! I can’t understand it! 1
have been using that load for two years and am very care-
ful about loading it—weigh the powder and bullets 'n every-
thing!” Have you ever heard it? Of course he can’t
understand it. If he knew enough about powder to under-
stand it, he wouldn’t have used the load in the first place.

The tolerance of a powder, unlike that of the rifle bolt
referred to previously, must be determined afrer the powder
is made. When a new lot of powder is made, a charge, pres-
sure and velocity curve is established to determine its
ballistic properties. Assuming that the new powder is an
attempt to duplicate a previous lot, the ballistic records of
the previous lot are referred to as a guide to the selection of
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a charge to start with. From three to five cartridges, depend-
ing upon the caliber of the cartridge, the practice of the
laboratory, or expediency, are loaded with a very moderate
charge and are hired for pressure and velocity. The mcan or
average of the pressure and velocity readings for this serics
of shots are plotted as two points on cross section paper.
These results are compared with the firing data of the pre-
vious lot for similarity, or lack of it, and another somewhat
higher charge is determined upon for the next series of
shots, the mean results of which are plotted as a second
pair of points.

This process of gradually increasing the charges, loading
and firing a series of shots and plotting the pressure and
velocities obtained, continues until the maximum permissible
pressure for the cartridge 1s reached, or the pressures be-
come erratic. Rifles can be mounted as pressure gages for
routine tests but for experimental work with powders of
unknown characteristics, special heavy guns are used that
will withstand tremendous pressures.

The result of this firing leaves a sheet of cross section
paper with two scries of dots on it; one representing pres-
sures in relation to the weights of charges and the other
representing velocities, also in relation to the weights of
charges. Velocities can be taken quite accurately and the
velocity points will represent quite an orderly progression.
The ordinary method of taking pressures is somewhat
crude, though satisfactory, and points representing pressures,
when connected by straight lines, bear more resemblance to
a portrayal of lightning or an Indian tepee than they do
to a curve, so these “curves” must be smoothed out. This is
done by drawing a regularly curved line that will, without
breaking its regularity, pass through as many of the dots
as possible. (See frontispiece.)

If the loads first fired were below the tolerance of the
powder, the dots or points representing the “curves” will
vary up and down. If the firing is carried beyond the upper
limit of the tolerance, the points will vary up and down,
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but their general course will represent a decided fattening
of the pressure curve all out of proportion to the flattening
of the velocity curve. The higher pressures go, the smaller
the increase in velocity for each increase in the charge. In
the pressure curve there will be a range where the plotted
points will coincide quite well with the smoothed out curve.
This uniform range represents the tolerance of the powder
and the point of the greatest uniformity is the halance point.
The tolerance may be wide for one powder and narrow for
another, but,that is the way the job is done. In making up
tables of charges, the powder companies must establish
curves, not only for each powder but for every cartridge that
those powders are used in and for each diflerent bullet as
well. It can be seen that there is an immense amount of
work, to say nothing of expense, in back of every one of
these tables. We handloaders are indeed fortunate in having
such authentic and complete data available for the asking.
In the acceptance tests of military powders, the charge,
pressure and velocity curve must show that the powder be-
ing tested will develop the proper velocity in the cartridge
and with the projectile specified, without exceeding the
permissible pressure. The velocity that the projectile must
have and the maximum permissible pressure for the guns
the powder is to be fired in, are fixed in the specifications
and the powder must meet those specifications or it will be
rejected, This is necessary because the military requirements
of the ammunition are such as to necessitate a uniform
muzzle velocity from one lot of ammunition to another,
This need for rigid powder specifications does not exist
in commercial sporting ammunition except in a few special
instances. Consider our own military requirements for
powders for small arms ammunition; we have only three
calibers, .30, .45 and .50 and we could get along with only
three different powders if we had to. Now in comparison,
just take a look at the variety of cartridges, different weights
of bullets with which they are loaded, etc., in any ammuni-
tion catalogue. Each one of those cartridges presents its own
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loading problems and the range is so great that the com-
mercial manufacturer needs a variety of powders of widely
different burning characteristics. Even though a new lot of
powder may not burn properly in the range of cartridges it
was manufactured for, its burning characteristics may be
exceptionally good when fired in a different range of car-
tridges than that for which it was intended. For example,
a powder made for the .30-06 cartridge may, on test, be
found to develop too high pressures, which indicates that it
burns too quickly for the .30-06 and that when tested in the
Cal. .250-3000 cartridge it gives high velocities with per-
fectly safe pressures. The commercial manufacturer has all
the necessary laboratory equipment for determining the
suitability of powders for his loading requirements and can
use lots of powders that are “off” from the standard, very
nicely. For this reason there is no certainty as to the kind
of powder that is used in different lots of any caliber of
commercial cartridge and commercial ammunition is subject
to wider variations in velocity from one lot to another than
military ammunition. The manufacturer endeavors to load
as closely as possible to the advertised velocity but the
primary objects sought are satisfactory performance and
safety.
The Measurement of Pressures.

Here in the United States pressures are customarily
measured by what is known as the radial system. A heavy
steel yoke is mounted around and over the chamber of the
barrel in which the pressures are to be taken. A hole is
drilled through the base of the yoke that encircles the barrel,
into the chamber. A stecl piston is closely fitted to the hole,
with just enough clearance so it may move up and down

freely. A heavy thumb screw passes down through the top
~ of the yoke and a steel block, called the “anvil”, is made to
fit loosely inside of the yoke. The fit of the anvil is such that
it can be readily removed and replaced and its upper and
lower surfaces are ground smooth and parallel. This con-
stitutes the mechanical part of the gage. Pressure gages for
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rifle cartridges usually have the piston located one inch from
the head of the cartridge bur for revolver and pistol car-
tridges the pistons are located just ahead of the front edge
of the cartridge case,

A small copper cylinder called a “crusher” is used to
measure the pressures developed within the chamber. These
crushers must be of uniform hardness, or more properly,
softness, as it is upon their uniformity of viscosity that the
uniformity and accuracy of the readings depend. The
method of using a crusher gage is as follows. A cartridge is
placed in the chamber and a gas check cup, similar to a gas
check used on a cast bullet or a primer without an anvil, is
filled with grease and inserted in the piston hole, base up.
The piston is inserted on top of this and pressed down until
the edge of the gas check i1s in contact with the cartridge.
The gas check and grease serve to prevent the escape of gas
past the piston. A crusher 1s placed on it, first having been
carefully cut to length and measured with a micrometer
caliper, end on top of the piston and the anvil on top of
the crusher. The thumb screw is turned down so as to bear
firmly on the anvil, but not with a pressure that will dis-
turb the dimensions of thé crusher. This thumb screw,
through the anvil, supports the thrust of the crusher when
the gun is fired. When the cartridge is fired, the internal
pressure, acting radially against the chamber walls, also acts
upon the piston of the gage, forcing it upward and com-
pressing the crusher, The crusher is then removed and
measured again to determine the reduction in its length and
the amount of reduction is used as a measure of the
maximum pressure developed in the chamber. The pressure
1s expressed in terms of pounds per square inch, but actually
it is nothing of the kind. This method is crude and has
many faults but it is convenient and affords sufficient ac-
curacy to insure the loading of safe ammunition. The figures
obtained vary considerably, for many reasons that need not
be explained here and are subject to interpretation by those
whose cxperience makes them competent to do so. The
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average person is apt to consider the numerical values of
pressures, expressed in terms of pounds per square inch in
powder charge tables, as fixed values of measurement in the
sense that a one pound weight or a foot rule are fixed
values. This is a mistake and other than to indicate a
maximum point beyond which charges should not be used,
they are of no particular value in tables of charges.

One thing a crusher gage does not show is the fime re-
quired for the pressure to reach its maximum point. If the
pressure is close to the bursting point of a gun, this clement
of time is of great importance for if the maximum point is
reached too quickly, the molecules of the steel will not have
time to adjust themsclves to the strain and the gun will
burst. As an example of the effect of the element of time
on applied force, a simple experiment can be made with a
piece of ordinary tar. At room temperature the tar is quite
hard, burt it may be slowly bent or deformed with the hands.
All that is necessary is to apply the force slowly enough so
that the molecules can adjust themselves to it. But if we
strike the tar a sharp quick blow it will break, because the
force is applied so quickly that there is insufficient time for
the molecules to rcadjust themselves, although the energy of
the blow may be even less than that previously applied with
the hands. It doesn’t pay to experiment blindly with powder
charges when the pressures are around the upper limits of
the tolerance, nor is it necessary to do so. Both the duPont
and Hercules powder companies are willing to assist re-
loaders who desire to experiment with unknown loads and
will make pressure determinations for them at a very reason-
able charge; about one dollar per shot, if I remember cor-
rectly. This may seem like a lot of money, but the reader
should bear in mind that it costs around two hundred dol-
lars to make a pressure gage and the life of one of these
gages is only from about two hundred or less shots up to
five hundred at the most. From this it will be seen that the
charge made hardly more than pays for the wear and tear

on the gage.
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The Measurement of Velocities.

The speedometer of an automobile, as its name indicates,
registers the speed in miles or kilometers per hour that the
car 1s traveling at, at any particular time. If we wish to
determine the average speed of the car between any two
points, a speedometer is useless and we must use a time piece,
taking the time of departure, the time of arrival and divid-
‘ing the elapsed time by the number of miles traveled; for
under ordinary driving conditions, it is impossible to drive
a car at a uniform rate of speed.

Bullets have no speedometers on them, nor do they travel
at a fixed rate of speed and their velocities must be
measured with an instrument that measures time; the time
required for the bullet to travel over a known distance. To
measurc the velocities of bullets and projectiles, instruments
known as chronographs are used, their name signifying the
graphic measurement of time. _

The instrument most used for this purpose is the
Boulengé chronograph, the invention of a Belgian army
oficer whose name it bears. This chronograph has been
modified in several ways during the many years it has been
used but the fundamental principle is still retained, viz.;
the measurement of elapsed time through the medium of
two falling weights. The design and operation of this instru-
ment can be understood from the accompanying simplified
diagram.

The instrument consists of a solid base mounted on legs
that can be adjusted to level it and set on a solid bench.
The base supports a substantial vertical column about three
feet high to which are attached two electro-magnets, one
higher than the other. The circuits for these two magnets are
independent of one another but a means is provided in-
terrupting both circuits at the same instant, in order to
obtain a zero point. This device breaking both circuits at
once is called the “disjunctor.” Their cores are, of course,
only magnetized while the electric current is passing
through them and must be uniform as to magnetic “lag,”
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or the retention of magnetism, after the circuit is broken.
A long, steel rod called the “chronometer” is suspended
from the high magnet and a short one called the “registrar”
from the low magnet. Both rods have soft iron tips that
demagnetize quickly. A copper or zinc tube is slipped
over the chronometer rod and extends nearly the length
of the rod. This tube is called the “recorder” and, when
in place, the weights of the two rods arc the same, or about
onc pound each.

On the base is a knife actuated by a spring and so located
that the chronometer, in falling, passes close to its edge when
the knife is cocked. The knife is held in the cocked position
by a flat, plate-like trigger which extends under the registrar.

The current is usually supplied by storage batteries and
passes through rheostats and ammeters connected in the
circuits of each of the electro-magnets. By mcans of the
rheostats and ammeters, the strength of the current and
consequently of the magnetic fields can be equalized in
both magncts, so that each will lose its magnetism at the
same speed when the circuit is broken.

While the circuits through the two magnets are inde-
pendent of one another, they both pass through the dis-
junctor, whereby both circuits may be broken at the same
instant. The independent circuit of the magnet supporting
the chronometer rod passes through a fine wire, called the
muzzle wire, stretched across the path of the bullet and
located close to the muzzle of the gun. The circuit for
the registrar magnet is completed through a circuit inter-
rupter placed at some distance from the muzzle of the
gun. For measuring the velocities of small arms bullets, this
interrupter usually takes the form of a picce of armor plate
with a hardened surface that will not be deformed by the
repeated impact of bullets, having a delicate adjustable
spring contact on its back. The adjustment of this spring
contact is so delicate that any jar of the plate will cause the
circuit to break. The spring causes it to remake contact
immediately, which eliminates any need of manual operation
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and saves time. In measuring the velocitics of artillery pro-
jectiles, two wire screens are used, the projectiles breaking
the wires as they pass through. Such screens must be re-
paired or replaced after each shot and in small arms work
are not often used except for armor piercing bullets.
After the chronograph is adjusted and before doing any
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The Boulenge chronograph "h;la-ukEnp" before the shot has beéen
Ied.

firing, the chronograph and registrar rods are “hung up” on
their respective magnets and both circuits are broken at the
same instant by means of the disjunctor, so that both rods
will fall at the same time. When the registrar strikes the
trigger, the knife is released and flies out, making a cut or
nick on the recorder or tube carried by the chronometer
rod at the point which is opposite the knife at that instant.
The distance that the chronometer drops before the knife
strikes it represents the free fall and will be constant from
one shot to another. The mark made on the recorder is the
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zero mark, or disjunctor point, from which subsequent
measurements are taken.

The rods are then hung up again and a shot fired. The
instant the bullet breaks the muzzle wire, the circuit in the
chronometer magnet is broken and the chronometer rod
begins to fall; and when the bullet strikes the terminal.
target, breaking the circuit in the registrar magnet, then
the registrar falls. Both rods continue to drop together but
when the registrar strikes the trigger, the knife flies out
and cuts a nick in the recorder at the point opposite the
knife edge at that instant. The distance between the zcro
mark and the one made by firing represents the time re-
quired for the bullet to pass from the muzzle wire to the
terminal target and as this distance is definitely known,
it 15 a simple matter to calculate the time of flight and the
velocity in feet per second. As a matter of fact, such cal-
culation is not necessary as the scale with which the dis-
tance between the marks is measured is graduated to read
directly in fect per second, thus saving a lot of time and
trouble.

In taking rifle velocities, the muzzle wire is located three
feet in front of the muzzle to avoid its being broken by the
muzzle blast. The terminal target is located 150 feet from
the muzzle wire and this distance, plus the distance from
the muzzle of the rifle to the muzzle wire makes a total of
153 feet that the bullet travels, although the velocity is
measured only over 150 feet. In this case the velocity ob-
tained is the average over the 150 feet between muzzle
wire and terminal target, and is the velocity at the mid-
point of this distance, or at 78 feet from the muzzle.
Sometimes the terminal target is placed 100 feet in front
of the muzzle wire, giving a velocity at 53 feet from the
muzzle; or any other convenient distance may be used.

For pistol or artillery velocities, the distances are smaller
and greater respectively and each measuring scale is stamped
with the distance between “screens” that it is suited for.

Velocities taken as described are the average velocities
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over the distance and are called “instrumental velocity.,” As
a bullet begins to slow up once it is beyond the influence
of the muzzle blast, it is not traveling as fast when it strikes
the target as when it left the muzzle of the arm it was
fired from. It is a difficult matter to find the exact velocity
of a bullet at the instant it leaves the muzzle of a rifle, but it
can be found approximately as follows:—Mark one hori-
zontal edge of a sheet of cross section paper off in units of
feet, starting with zero at the right to represent the muzzle
of the gun and continuing to the left, say, in increments of
ten feet each, running up to at least eighty feet. The right
hand vertical side of the sheet should be marked off in
units of velocity. Fire a series of shots at 78 feet in the
usual manner and plot the result as one point of a velocity-
distance curve. Then move the terminal target up to about
38 feet from the muzzle, fire another series of shots and plot
a second point on the cross section paper. Now, connect the
two points and extend the line to the right until it reaches
the zero, or muzzle point, and you will have the approxi-
mate muzzle velocity. A more accurate result can be ob-
tained by firing the series at a greater number of different
distances but two points will prove fairly accurate; at least
much more accurate than guessing.

A Boulengé chronograph, in good condition and carefully
adjusted, can measure such short intervals of time as that
between the time the trigger is pulled and the time the
bullet leaves the muzzle of the barrel. Such a fine adjust-
ment is hardly necessary for routine testing of ammunition,
but is a virtue in testing powder lots. The powder companies
will take the velocities of hand loaded ammunition for any
handloader of an experimental turn of mind, at a very
reasonable charge.

The Aberdeen chronograph is also used to a limited extent
for measuring bullet velocities. This apparatus takes the
form of a synchronous motor, mounted with the shaft in a
vertical position. To the shaft is assembled a shallow pan or
metal dish with straight sides, carefully turned and balanced.
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This pan carries a strip of thin paper equal in length to the
inside circumference of the pan. Instead of two weights, two
points are located, one just over the other and close to the
pan wall. These points are connected to scparate clectrical

circuits, onc passing through the muzzle wire and the other
through the disjunctor. The bullet, on breaking the muzzle
wire, causes a spark to jump from its point to the wall of
the pan, burning a tiny hole in the paper and when the
bullet strikes the disjunctor, a second spark jumps through
the paper. The distance between the two holes is an indica-
tion of the instrumental velocity. It can be seen that the ac-
curacy is dependent upon the pan rotating at a proper and
uniform speed and if it does this, the paper can be (and is)
marked off with lines so that a direct velocity reading may
be taken from it.

A synchronous motaor is one especially wound to maintain
a uniform number of revolutions per minute, regardless of
fuctuations in the line voltage. Actually, it does not do this
but will lose or gain more or less speed 2s additional load
is taken off or put on to the line the motor is running on.
What it does is to adjust itself to these changes and return
to its normal speed. These temporary fluctuations in speed
are of no consequence for all ordinary purposes, but they are
fatal to the taking of accurate velocities. An Aberdeen
chronograph would be of little use if hooked up on a city
line, especially a power line. If the lady next door turned
on her electric stove just as a shot was fired, the reading of
velocity given by the instrument would be worthless. These
chronographs are at their best when operated by a separate
generator of their own and on a line which is not used
for any other purpose. Under such a condition, very accurate
results can be obtained with them,

Preparation of Tables of Loads.

In working out their tables of charges, the powder com-
panies use new, primed cases purchased from the commercial
ammunition companies or, in the case of the Cal. .30-06
cartridge, from Frankford Arsenal. These cases are -primed
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with the primers that the manufacturer uses in loading his
own ammunition and most of these primers are different
from those sold for rcloading purposes. The flash holes in
the cases are made of a correct size for the primers used, but
the use of a primer of different make from the cartridge
case can give a very different order of ignition to the powder
charge. All careridge cases of the same caliber are not of
the same capacity; some have thicker side walls and thicker
heads than others. As the outside dimensions must be the
same, within very close limits, any variation in the thick-
ness of the metal in the cases will mean a variation in their
internal volume. If two cases of different thicknesses are
loaded with the same charge of powder, one will have a
higher density of loading than the other and will conse-
quently develop a higher pressure. Between the differences
in cases and primers, it is a matter of chance if a hand-
loader gets the same velocity and pressure from his reloaded
ammunition that the powder manufacturer got, even though
the handloader is meticulous in the preparation of his am-
munition. The nearer the load is to the maximum recom-
mended load for any cartridge, the more marked will be the
effect of variations from the conditions under which the
load was worked out. Any difference in bullet weight,
diameter, shape, or hardness will also affect the ballistics.

In addition to variations in components, there are the guns
to be considered. Chambers vary in size and shape and
ammunition fired in an arm having a tighter chamber than
the test gun will develop a higher pressure. The same is true
if the bore and groove dimensions, and especially the
throating of the barrel, are tighter or smaller.

Powder for testing purposes is kept in rooms or maga-
zines, where the temperature is maintained at a uniform
level, and tests for velocity and pressure are made with the
powder at 70° F. Any increase in the temperature of the
powder will cause it to ignite more easily and to burn more
rapidly, thereby causing a rise in the chamber pressure
above the expected point. Exposing ammunition to the hot
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sun long enough to heat up the powder charges will usually
produce some surprising results and doing this with some
cartridges has been known to increase the pressures over
10,000 pounds per square inch, Maximum charges, which
are much in the nature of “proof charges” to begin with,
will certainly become more dangerous if warmed up before
hiring.

The powder boys know these things and state very clearly
in their folders and booklets of tables of charges that the
figures shown are those obtained with the arms and com-
ponents that zhey used. They further recommend that
charges below the maximum recommended charges be used
for the best accuracy and that in rifles with tight chambers
the heaviest charges should be reduced several pgrains in
weight. This is excellent advice to follow.

The tables of charges published by the powder companies
give cither the seating depth of the bullets or the over-all
length of the cartridge for each load listed. This is done to
show the condition under which the ballistics were de-
veloped. In the moderate and reduced loads, the cxact seat-
ing depth of bullets is not of great importance, but it
becomes of increasing importance as the charges approach
the higher levels, With the heaviest charges shown in these
tables, the bullets should never be seated deeper than the
dimensions given in the tables. With full charges in such
cartridges as the .220 Swift, .257 Roberts, or any others in
which the cartridge 1s a close fit in the chamber, especially
at the neck, even a few thousandths of an inch increase in
the seating depth of the bullets will cause an appreciable
increase in the chamber pressures.

If the reader believes from the foregoing remarks that
the writer is a timid soul or an alarmist, he is mistaken.
Variations in components such as primers, flash holes,
volume of cartridge cases, etc., are matters a handloader
seldom thinks of. To the average person, all cases of the
same caliber are alike and a primer is a primer; just a
little dingus that makes the cartridge explode. Therc is a
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lot more to them than that and while their variations can
causc lower pressures, as well as higher ones, than are indi-
cated in tables of recommended charges, their effect in a
minus direction has been skipped over because it doesn’t
involve the matter of safety. Even when these variations
operate to increase pressures they are not likely to result in
dangerous pressures if the handloader observes carefully al/
of the information given in the tables,

In manufacturing arms and ammunition there must be
manufacturing tolerances and all arms and ammunition of
the same caliber are not exactly alike nor are the components
that go into the manufacture of the ammunition alike.
Bullets will vary a little in diameter and weight, and
primers, however good they may be, will not be absolutely
uniform from one lot to another.

In the establishment of pressure limits for different arms,
experience has dictated a limit for each caliber, make or type
that should not be exceeded. This maximum pressure limit
1s not necessarily close to the bursting point of the gun. As
a matter of fact, no one knows what the bursting point of a
gun 1s, One arm may stand a prodigious charge of powder,
while another of the same make, model and caliber lets go
with what appears to be a perfectly normal charge, Maxi-
mum pressure limits are established, however, to allow a
reasonable margin of safety, to take care of the unavoidable
variations in ammunition and ammunition components. One
primer out of ten thousand or more may give an exception-
ally hot flash and over-ignite the powder charg