INTRODUCTION
Having produced the propellant for use
in a weapon there needs to be some
method of getting the charge to the
weapon in one piece and in the right
quantity. In the case of QF systems this
is achieved by using a cartridge case.
In the case of the BL system it is
achieved by using a propellant charge
bag. In QF semi-fixed and separate this
This is an example of a QF cartridge case.
is achieved by providing charge bags
in an incremental system and placing
them in the cartridge case. In the QF fixed system the charge may be loaded in a loose or bundled
form or in some instances may be loaded in a charge bag that is loaded into the case. For mortars the
propellant charge is loaded in separate increments that may be adjusted prior to loading the mortar
bomb. In some examples, eg the 2” mortar, the propelling charge is a large blank cartridge loaded in
the tail of the bomb. No further increments are used.

4.5inch Howitzer charge bags.

Propellant charge bag that is loaded in the cartridge case. This example is
for a Japanese 37mm of WWII vintage.

A replica of an early cartridge for artillery
use.

An example of Cordite loaded
loosely into a cartridge case.

An Australian 2” mortar propelling cartridge.
This is the only charge used with this mortar.

The propelling charge bags for a
105mm Howitzer. All bags are
connected by the red cotton thread,
which is easily broken to allow
adjustment of the charge. The term “
Dualgran” indicates that the
propellant is made in two sizes.

A blurry example of 3inch mortar propelling
increments.

A group of mortar propelling charge bags, photo
courtesy of the Australian Logistics training Centre.

A group of 81mm propelling charges.

Mortar propelling charges in square
flakes packed in plastic packets.

The enclosure of
propellants into
cartridges was
necessitated by several
problems encountered
in the early days of
explosive powered
weapons. Firstly it was
soon discovered that
gunpowder absorbed
moisture from the air
and didn’t burn
completely, leaving
addding to the solid
residue normally left
by gunpowder thus
compounding an
existing problem.
Secondly it was learned
by hard experience that
This is a Japanese
the process of loading a
120mm mortar with the
weapon using loose
propellant charges in
powder a wad and a
rings tied around the tail
projectile took up an
piece.
An Australian 4.2inch BEDS
inordinate amount of
bomb with the propellant
time. Some bright
increments in position.
minds soon developed
the Cartridge. Cartridges are mentioned as far back as the mid 1500s but their use as a standard
practice really commences around the beginning of the 17th Century. The original cartridges were
made from paper and linen. Many types of paper being tried but all suffered from the horribly
dangerous habit of not burning completely in the breech thus leaving behind smouldering residue. In
the heat of battle it was fatal to forget to swab out the bore with a sponge before loading the next
cartridge. Sir Charles Douglas in 1778 suggested the use of serge or flannel to overcome this problem.
But, like most new ideas in those days this was ignored. Some alleviation of the smouldering problem
was achieved by the addition of flannel bottoms on cartridges. The obvious advantage of reducing
smouldering residue was clear to all concerned and flannel or serge soon replaced paper as the
preferred material for cartridges. The replacement of flannel or serge took until 1868 when silk was
introduced. Silk had all the attributes required of charge bags with the exception that it is not cheap. It
is still considered to be one of the best materials for cartridge bags even today. Around 1875 it was
becoming apparent that the larger charges, when made from serge, were not strong enough to support
the charges required for the larger guns coming into service. As a consequence silk was made the
standard material for all charge bags. For the smaller charge bags a variety of serge called “Red
Shalloon” was retained in service. Both these materials are still being used today.

Placing the propellant into bags also provided a form of protection to the propellant. It also made it
harder to ignite thus giving rise to erratic burning. To overcome this problem gunpowder igniters were
sewn to the ends of charge bags to ensure the full ignition of the propellant charge.

In the BL System the Gun itself provides obturation. Therefore the propellant charge needs only to be
contained in a bag which will provide some reasonably strong and combustible material to transport it
in and which is easy to load into the weapon. The selection of the material for propellant bags is
naturally difficult as there are conflicting requirements.

It must be:
Permeable to flash.
Strong
Resistant to wear in storage and transport
Stable
Resistant to mould growth
Non-reactive with the propellant
Residue free in the gun after firing
Cheap

As has been said before in relation to other facets of the ammunition field, no material meets all these
requirements therefore, compromise is the name of the game.

BL propellant charges come in two types and these are:

BASE AND INCREMENT

ALIQUOT

Base and increment is as it sounds. There is a base charge and several increments that may be added
or omitted as desired to achieve the range needed. The bases and the increments are usually unequal in
size. Aliquot is an Old Latin term applied in mathematics to indicate an equal division of a number or
quantity.

The main materials used in propellant bags are:

Silk
Meets all the requirements except that it isn't cheap.

Regenerated Cellulose Rayon
One of the rayons extruded as a single filament. Needs to be treated to prevent mould growth and
smouldering, and it needs to be chemically strengthened.
ACRYLIC COTTON CLOTH
Used extensively in the USA.
TERYLENE
Usually used in blends (Sounds like a shirt description doesn’t it?)
WOOL
This is used in most Igniter bags, as it is permeable to flash.
SHALLOON
A material that is permeable to flash and used quite often in igniter bags.
Combinations of all the above materials can and have been used.

Bagged charges are ideal for incremental systems. They are well suited for the variations in ballistics
required in Howitzer and Mortar equipments. The shape of these increments may take any form the
designer dreams up, however there are some standard versions and these are:



Mushroom
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Rings



Cylinders



Oblongs



Squares
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It should be noted that the charge bags depicted here
are somewhat pristine. Bags found in the service
environment are usually covered in markings and
general signs of hard wear. Squares will often be
OBLONG

found in groups tied together.

SQUARES

Some examples of British charge bags.
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The rapidity with which a muzzle loading or a breech-loading gun can be loaded with a projectile and
a charge bag relies very much on the training of the gun crew and their state of exhaustion. This is
particularly true where the gun being served is a large one. The introduction of the French 75mm
rapid-fire gun with its novel and groundbreaking recoil system gave new meaning to the words Quick
Firing. The speed and accuracy of the fire was astonishing in those long gone days. The system would
not have been able to function without the development of the cartridge case. The cartridge case
performs a variety of tasks when in use.
The Cartridge Case:



Provides a means whereby the charge and projectile may loaded in one movement






Carries the charge in storage and transport

Carries within it its own means of ignition
Provides the means of sealing the breech

Protects the propelling charge from manufacture to firing

Provides a surface upon which to write the identifying features of the propellant



Provides a never-ending source of brass cases for souvenir hunters.

Cartridge cases can and have been made from a large variety of materials. To mention just a few:

Brass
Paper

Steel
Aluminium

Plastic

Copper

Animal skins

By far the most common material used for cartridge cases has to be Brass, which strangely enough is
called “Cartridge Brass”. Steel would have to be the next most common material used.

Cartridge case brass is an alloy of 70% copper and 30% Zinc and has been the most successful metal
used in cartridge cases.
A metal used in cartridge cases needs to be strong, corrosion resistant, ductile and cheap. Naturally no
metal meets all these requirements. Brass fails in that it is not cheap. However it is the best material
for cartridge cases regardless of cost. A cartridge case needs to be thick at the base to withstand the
very high pressures encountered there and thin at the mouth to allow for rapid expansion and
contraction. The expansion is to achieve rapid obturation, and the contraction is to allow easy
extraction after firing. Most cartridge cases are tapered from base to mouth to aid in this extraction.
Over the length of the case the hardness of the brass is deliberately varied during manufacture and this
is known as a "hardness gradient".
The ductility of brass permits it to be worked cold which is a huge saving in terms of industrial effort
during wartime. However this cold working produces a side effect called "season cracking" which is a
result of strains left in the metal during this cold working. Changes in temperatures during storage
cause the metal to become fatigued and crack at the point of strain. The name Season cracking comes
about because it became apparent after several seasons in storage. This gave the brass time to go
through several cycles of expansion and contraction. Sporting shooters who reload their own
ammunition find that after several firings some cartridge cases begin to split at the necks. This is the
same phenomenon only on an accelerated time scale. Heat annealing relieves it and is the reason for
the discolourations around the necks of cartridge cases. Where storage times are expected to be short
the annealing process may be eliminated, as the stresses are not given time to appear. This was the
case during both World Wars and many surviving cases from those days will be found to have
developed cracks in the neck.

Separated cases occur because the case loses elasticity after firing. Tool and draw marks left in the
case cause uneven distribution of stresses within the case metal and most of the work applied to the
case occurs around the base and naturally this is where most cases fail. Considering the number of
cases made and fired throughout the world in any one year the number of separated case is miniscule.
This would seem to indicate that we have the technology fairly well controlled and understood.

Steel can be, and is used as a case material, because good quality steel of .5% Carbon is easily drawn
but the metal needs to be treated for corrosion resistance and it also needs to be treated internally for
prevention of chemical reaction with the propellant. The most common treatments applied to steel
cases are various washes of copper; brass or a treatment of wax applied hot.
Much effort has been devoted to
finding ways and means of
making cases without the
necessity to utilize deep drawing
machinery. This process adds
enormously to the cost of
cartridge cases and also adds
considerably to the time required
to fabricate a case. The deep
drawing process can be bypassed
in several ways:
A tube is fixed to a base using a
number of bolts.
A tube is fixed to a base using a
nut threaded over the primer.

A sheet of steel is wrapped and overlapped to form a tube and a threaded nut secures the base over the
primer. This is similar to the method used to make the old Martini-Henry wrapped brass cases.
A sheet of steel is wrapped the same as above but a Belleville spring washer is used to retain the base.

Steel cases have never been totally successful but they are exceedingly cheap. Both the Chinese and
the Germans have used steel cases in their SAA cases and have done so remarkably well. The USA
has dabbled with steel as a case material but not in a serious way.
Aluminium cases are currently being used in some SAA cases as a throwaway item. At this time
Aluminium is limited to very low-pressure cases or used in the recoilless system where the pressure
applied to the case is very low. Due to the extreme softness of Aluminium it appears unlikely that
large calibre artillery ammunition will be fitted with Aluminium cases.
Plastics have been used extensively in ammunition particularly in blank SAA. However, because of
the very limited tensile strength of plastic, large calibre artillery ammunition cases appear to be out of
the question. But you never know what is around the corner.

Cartridge cases should have a slight taper to facilitate extraction. There is however a limit to the
amount of taper that can be applied as it adds complications to the propellant geometry. To limit the
length of cartridge cases the case is necked thus reducing the mouth to the projectile diameter but
leaving the case a larger diameter. This type of case is commonly called “Bottle-necked”
The internal curvature of the base and neck of the case has an effect on the internal ballistics because
the shapes control the flow of the propellant gasses. Differing shapes give different gas movements.
The base also supports the large pressures generated by the propellant gasses so therefore it must be of
sufficient thickness to both support the pressure and provide enough metal to support the primer. The
base of the primer must be level with, or preferably just below, the base of the case. The rim of the
case is the flange by which the case is located in the breech and it is the means by which the case is
extracted from the chamber. Some very early cases had a primer, which extended out from the base of
the case and was the medium by which the case was extracted.
Rims come in a variety of designs:

RIMMED

SEMI-RIMLESS

REBATED

RIMLESS

BELTED

STEPPED

RIMLESS BOTTLENECKED
RIMMED BOTTLENECKED

RIMLESS STRAIGHT

RIMMED STRAIGHT

The term straight needs a little clarification here. The case is not really straight but has a slight taper
from base to neck. This is necessary to allow extraction after firing as a perfectly straight case will
tend to stick in the chamber because it will have expanded ever so slightly.

PRESS FIT
The case mouth is simply squeezed
tightly around the projectile body.

INDENTING
The projectile is held by indentations
being driven into a groove on the
projectile body. The indents are usually
oblong but can take any shape. The
Italians liked triangular ones.

CANNELURING
A continuous groove or indent around
the case is driven into a groove in the
projectile body.

CONING
The edge of the case mouth is simply turned
over into a groove in the projectile body.

STABBING
Equally spaced punch stabs are
driven into a groove in the projectile

CRIMPING
This is similar to coning with the

body. When the projectile is a soft

addition of a heavy crimping action. This

one such as lead the stabs are driven

style is used in high velocity and high

directly into the projectile body

pressure weapons such as Proof and

without benefit of a groove.

Anti-tank.

When these cartridges are loaded in Government factories the mouth is coated with a bituminous compound to
ensure a good waterproof seal. This is done to allow for the rigours of military service and you don’t know how
long the cartridge is going to sit in storage somewhere. In the naval service case mouths are sealed with various
types of seal. Screw type, press fitted and some are held in by lugs being turned over the seal.

The case mouth of a British 4.7inch showing the lugs that were
turned over the seal.

BEVELLED
MAUSER “A” BASE

GROOVED

DOMED

7.62mm Ball case

DPN
Number
Hardness
gradient.

9MM Ball case

The above diagrams are representative of all cartridge cases. Each case needs to be thick at the base to
support the high pressures exerted by the propellant gasses and thin at the mouth to allow rapid
expansion and contraction, the expansion to provide obturation, and the contraction to allow easy
extraction. To assist in this extraction most cases are given a slight taper from base to mouth. In
addition to this the hardness is deliberately varied over the length of the cartridge so that it is hard at
the base and soft at the neck. This is known as a “hardness gradient”. The procedure has been known
to be omitted during wartime when manufacturing time is critical.

In the beginning manufacturers commenced making cases by actually folding the internal bases. It
soon became apparent that this was not the strongest method of arranging the base. The folded head
gave way to the solid head.

SOLID HEAD

FOLDED HEAD

The distance between the bolt or breech block face and breech face is the space in which the cartridge
case rim or body must fit. If the distance is incorrect then the firearm may misfire or burst the case out
through the breech into the firers face. In some firearms the distance must be checked prior to use eg.
The .50 Browning machine gun. In some cases the firearm will not fire at all if headspace is incorrect.
Ruptured cases may occur thus rendering the firearm inoperable. The distance is a function of factory
quality control and as such is to be as small as possible and if possible should be a definite point on
the case. The rimmed case is the smallest and easiest distance to control whereas the rimless
bottlenecked case is a somewhat nebulous distance as you will notice that the shoulder of a
bottlenecked case is actually a curve.

HEADSPACE
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BOLT OR BREECH
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CASE
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BLOCK

CARTRIDGE
CASE

Headspace
Breech

Bolt or breech block

Cartridge case

Rimmed
A simple rim, sometimes called a flange, is arranged to protrude beyond the case body and thus
provide a grip for the extractor. This is probably the simplest design found in cartridge cases. I might
stick my neck out here and say that, along with the rimless case, it is probably the most common type
found also. A lot of design engineers don’t like it because it creates problems with feed and magazine
systems. It has the shortest headspace distance being from the face of the breech to the face of the bolt
with only the rim in between.

RIMLESS.
The shoulder locates the case in the chamber and because of its very clean design is well suited to belt
feed weapons. The headspace distance with this design is a problem as the first bearing surface on
which headspace is measured is usually a curve on the shoulder of the case thus it is not a specific
point.
SEMI-RIMLESS.
Rim projects slightly beyond the diameter of the case thus aiding in case location. This type of case is
a compromise design, which as with most compromises usually doesn’t achieve what it set out to do.
It tries to give the headspace ease of the rimmed design with the clean lines of the rimless case. Not a
case design found much on military or sporting ammunition these days. The Japanese seemed to like it
as they used it extensively during WWII.
BANDED OR BELTED.
An added belt is positioned in front of the rim. This is usually applied to high performance weapons.
This is another easy headspace case as the distance is from the leading edge of the belt to the bolt face
and is very easily controlled.

RIMLESS AND GROOVELESS
Oddly enough it has been demonstrated that a cartridge case needs no rim or extractor groove to
perform the basic functions of a cartridge case. Mind you it is not a common variety and is usually
found only in cartridge collections today.

In QF fixed rounds the basic methods of fitting the projectile are as follows:
CANNELURING
The case is pressed into a groove provided for the purpose in the body of the projectile. The
attachment is permanent and quite waterproof and thus there is no capability of charge adjustment.
This method is the standard for SAA. Because of the support provided by the case the propellant
charge may be any configuration the designer wishes.
PUSH FIT.
Used in projectiles of low weight and pressure
INDENTING.
A groove is provided just behind the driving band and the case is indented into the groove at equidistant places it is exactly the same as canneluring except that a cannelure is continuous.
These methods may be combined to suit the needs of the designer.

STICK OR CORDS.
The best known of this type is "Cordite" and will be found in all sorts of ammunition. usually arranged
in bundles that are tied together around the primer (the ties must be combustible). If you are to believe
every crime writer all weapons used cordite because they all note the “acrid smell of burnt cordite”
somewhere in their stories. Rubbish of course as Cordite was phased out many years ago.

GRANULAR
Produced in the shape of regular log-like grains to whatever size is necessary. The propellant is
poured into the case to the required level. Usually a cardboard cup is provided to keep the propellant
in close proximity to the primer. Very large versions of these grains are quite often stacked in layers to
permit efficient usage of the space in the case. Some large naval items are loaded in charge bags. One
of the problems associated with these large grained charges is that the weight of the charges actually
causes compression of the grains on the bottom and causes bulging of the charge bag. Both these
effects create erratic burning. This took the Americans quite some time to figure out during WWII
when the problem first surfaced.
FLAKE
Produced in the form of flat, and usually square, flakes. Will be found in many German 9mm
cartridges.
BALL
Somewhat of a misnomer as this propellant is usually a flattened sphere and is not really ball shape at
all. Be that as it may it is one of the most common propellant shapes used.

RIBBON
Not often encountered and is simply a flattened version of stick propellant.
Tubular
The most common shape to be found in cartridge cases throughout the world. It ranges in size from
miniscule grains to grains up to 75mm in length.
Multi-Tubular
The next most common shape to be found. It also ranges from very small to very large.

Where the charge is not adjustable the case is normally closed with a cup or disk.
Where the charge is adjustable, which is the most commonly used method in Howitzer and Mortars, it
will consist of Charge I plus a number of "Increments" which are loaded in bags and are readily
identifiable with either numbers or colour codes. The bags must be strong and combustible. Case
closure is a minor problem as the joint is not waterproof but because of the temporary nature of the
join it is an acceptable risk.
In those cases where the projectile is not fixed to the case the mouths are normally sealed by some
attachment. Sometimes screwed into place and sometimes held in place by lugs being turned over a
sealing piece. These must be removed before loading and firing.

Brass has been used since the very earliest days of the metals revolution. It was developed in the 15th
Century and has been and still is a very valuable metal.
It is an alloy of Copper (Cu) and Zinc (Zn) the ratios of which can be varied markedly.
Copper from 55% to 90% and Zinc from 10% to 45%.
Copper can be alloyed with other metals to produce brasses of different characteristics.
Aluminium brass is highly resistant to corrosion.
Brass with tin added is called naval brass and is highly resistant to seawater.
Copper and tin gives the alloy called Bronze and was an important milestone in mankind’s efforts to
control metals and their alloys. Even being given the honour of having an epoch named after it.
The brass used in making cartridges is called Cartridge brass (bit odd that) and is an alloy of 70% Cu
and 30% Zn. This ratio gives a brass that can be worked extensively when cold.
Reducing the percentage of Cu to 62% and adding a tiny percentage of lead added improves the
machining qualities and still keeps reasonable cold machining qualities.
Cartridge brass when cold worked has a tensile strength of 4.87 to 7.31 tonnes per Cm2 with an
elongation of 10%. When soft annealed it will yield at a force of 3.57 tonnes Cm2 with an elongation
of 70%, this shows that brass is strong when hard and not very ductile and less strong but more ductile
when soft.

It is this wonderful ability of brass to
give alloys of varying properties that
makes brass such a valuable commodity.

This is a Japanese cartridge case showing clear
separation of the elements that make up the alloy.

The colours of brass vary from whitish to
a bright yellow. The surface of brass
oxidizes very quickly eventually
producing green verdigris. Given
sufficient time in hostile environments
brass will begin to separate into its basic
constituents.

