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Abstract 

The thesis work is performed at Norma Precision AB, a company that manufactures ammunition for 

hunting and competitive shooting. Two types of cases called 300 Winchester Magnum and 308 

Winchester are examined on how their hardness were prior to and after the two annealing’s of the 

neck they experience during the manufacturing. The cases vary in hardness and an investigation will 

be made to draw connections to the microstructure of the cases in order to understand the 

variations and possibly avoid the variations in the future. 

The cases were selected at different days, the 300 Winchester Magnum were chosen at three 

different days with some properties varying and the 308 Winchester were taken at two different 

days. At each day twenty cases were selected, five prior to the first neck annealing, five after the first 

neck annealing, five after the shaping and calibrating of the cases and the final five after the second 

neck annealing.  

The selected cases were first measured by a hardness test, where they were measured at 1mm, 3mm 

and 6mm from the nuzzle and five times around the case at each measurement. After that, the 

variations were analyzed and the two most varying cases from each day and step were taken into the 

laboratory at Karlstad University. In the laboratory, the cases were measured by a microhardness 

tester. The cases were measured at even distances between them all throughout the cases to make a 

hardness profile. The next step was to etch the cases and examine them in an optical microscope, 

where the grain size was measured in micrometer and ASTM. 

The results from the regular hardness measurements and the microhardness tests showed similar 

tendencies. Variations was found in each step and each day during both hardness measurements the 

two types of cases behaved similarly. The grain size results showed that after annealing, the grain 

size increased. Although there was no clear relation between grain size and hardness since the 

results varied, some cases with higher hardness had a smaller grain size than a case with lower 

hardness. 

Using the grain size of the brass could work to get an idea of the hardness, but to get a sincerer 

perception of the material properties, more properties needs to be investigated.  

 

  



 
 

Sammanfattning 

Examensarbetet är utfört hos Norma Precision, ett företag som tillverkar ammunition för viltjakt och 

för tävlingsskytte. Två sorters hylsor vid namn 300 Winchester Magnum samt 308 Winchester 

undersöks hur deras hårdhet är innan respektive efter de två mynningsglödgningar hylsorna 

genomgår under tillverkningen. Hylsorna varierar i hårdhet och en undersökning kommer göras för 

att dra kopplingar till hylsornas mikrostruktur för att få en förståelse av variationerna och eventuellt 

kunna undvika variationer i framtiden. 

Hylsorna valdes ut vid olika dagar, 300 Winchester Magnum togs vid tre olika tillfällen när olika 

egenskaper skiljde och 308 Winchester togs vid två tillfällen. Varje dag plockades tjugo hylsor ut, fem 

innan första mynningsglödgningen, fem efter den första mynningsglödgningen, fem efter formning 

och kalibrering av hylsorna samt fem efter den andra mynningsglödgningen.  

På de utplockade hylsorna gjordes först hårdhetstester, då de mättes vid 1mm, 3mm och 6mm ifrån 

mynningen och fem mätningar runt hylsan vid varje mättillfälle. Efter det analyserades resultaten och 

de två hylsor som varierade mest från varje dag och varje steg togs med till labbet på Karlstads 

Universitet. I labbet mättes hylsorna med en mikrohårdhetsmätare. Hylsorna mättes med jämna 

mellanrum genom hela hylsan för att skapa en hårdhetsprofil. Nästa steg var sedan att etsa hylsorna 

och undersöka dem i ett ljusmikroskop, där mätningar av kornstorlek i mikrometer och ASTM 

gjordes. 

Resultaten från den vanliga hårdhetsmätningen och från mikrohårdhetsmätningen visade liknande 

tendenser. Det upptäckes variationer i varje steg och varje dag i båda hårdhetsmätningarna och de 

två sorternas hylsor betedde sig likadant. Resultaten från kornstorleksmätningarna visade att efter 

glödgning ökade kornstorleken. Det fanns dock inget tydligt mellan kornstorlek och hårdhet då 

resultaten varierade, i vissa fall hade hylsorna med högre hårdhet en mindre kornstorlek än hylsor 

med lägre hårdhet. 

Att använda mässingens kornstorlek kan fungera för att få en övergripande bild av hårdheten, men 

för att få en bättre förståelse av materialegenskaperna behöver fler egenskaper undersökas.  
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Nomenclature 

Throughout the thesis work and the report, there are some abbreviations and paraphrases that has 

been used. To understand the work, the abbreviations are listed below. 

During the annealing process, the following were used: 

1st step: prior to the first neck annealing. 

2nd step: after the first neck annealing but prior to shaping and calibrating. 

3rd step: after the shaping and calibrating but prior to the second neck annealing. 

4th step: after the second neck annealing. 

 

When 

Day 1: 13/2-18, first selection of Win Mag and a Swiss material was used. 

Day 2: 15/2-18, second selection of Win Mag and a German material was used. 

Day 3: 16/2-18, third selection of Win Mag and a German material used, but a utensil in an earlier 

extrusion step has been switched to a new one. 

Day 4: 28/2-18, first selection of 308. 

Day 5: 5/3-18, second selection of 308. 

 

To separate and keep track of each case, they were marked using the following system:  

1.1.1     Day 1, step 1 & case 1 

2.3.4     Day 2, step 3 & case 4 
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1 Introduction 

1.1 About Norma 
Norma Precision AB is located in Åmotfors and has 200 employees. Norma Precision is a world-

leading manufacturer of ammunition, they manufacture cases and bullets for hunting and 

competitive shooting. Norma Precision is a part of the global concern Ruag Ammotec AB. [1] 

1.2 Purpose 
The purpose is to find out what the reasons for variations of hardness in the cases are to possibly be 

able to remove those issues in the future and ensure that all the cases are of high quality. 

 

1.3 Aim 
The aim of the thesis work is to investigate the variations in hardness in cases during the two 

annealing’s of the neck of the case. To find the reasons for the variations of the hardness, 

investigations of the microstructure will be made to see if the variations in hardness can be 

connected to variations in the microstructure of the cases.  

 

1.4 Delimitations 
Norma Precision manufactures a lot of different cases, but two types of cartridge cases will be 

examined during the thesis project, 300 Winchester Magnum (Win Mag) [2] and 308 Winchester 

(308) [3]. Both these cases have hunting as their primary use of applications. Compared to each 

other, the Win Mag is a longer case than the 308, but the 308 have a longer neck. Figure 1 shows 

how the cases at the respective steps for both Win Mag and 308. 
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Figure 1. Image of Win Mag (bottom row) and 308 at the respective steps 1-4, from left to right.  
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2 Theory 

2.1 Annealing 
After cold-working, the brass is in a deformed state. Annealing the brass is then made to restore 

earlier properties in the material and by annealing, the process is more rapid. During annealing of 

brass, it undergoes three different processes; recovery, recrystallization and grain growth. Figure 2 

shows a schematic image of how the grains behave during some of the different steps the material 

experience in the annealing processes. [4] 

 

 

 

 

 

Figure 2. Schematic diagram of the main annealing processes; a) Deformed state, b) Recovered, c) Partially recrystallized, d) 
Fully recrystallized, e) Grain growth and f) Abnormal grain growth. [5] 
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2.2 Recovery 
During the recovery, the grains does not change and no new grains are formed. The things that 

happen is that the defects that has occurred during the cold-working reduces and the dislocations 

which also has occurred during cold-working is drawn to each-other and exterminates. There are two 

primary processes, the first as mentioned, where the dislocations annihilate. The other primary 

process during recovery is rearrangement of dislocations where they rearrange into lower energy 

configurations. The rate of recovery is dependent of the temperature, a higher annealing 

temperature provides a more rapid recovery. If the anneal is isothermal, hence the temperature is 

even throughout the material, then the recovery process is homogeneous and even throughout the 

material. [4,5] 

The microstructural changes during recovery are small and can be hard to notice in optical 

microscopes, recovery is therefore often measured by changes in physical or mechanical properties 

in the material. [5]  

 

2.3 Recrystallization 
When the material is annealed to the stage where it reaches recrystallization, new grains are formed 

in the microstructure of the material. The new grains are formed within the existing grains as small 

nuclei and replace the deformed material. There are no strains or dislocations within the 

recrystallized grains so when the older grains are outgrown and adsorbed by the new grains, the 

strains and the number of dislocations in the microstructure reduces since. For recrystallization to 

occur, there must be some plastic deformation and the plastic deformation most be adequate to 

provide driving forces strong enough to sustain growth of the nucleus. The recrystallization does not 

remove the grain boundaries from the material, which are thermodynamically unstable and might 

influence the properties negatively. The driving force in recrystallization is driven by the stored 

energy of the cold work. [4,5] 

As for recovery, the time and temperature of the annealing influences the recrystallization. If the 

annealing is longer, the temperature can be lower for recrystallization to occur. The borders between 

the transitions from recovery to recrystallization and from recrystallization to grain growth are often 

unclear. Earlier reports by Hajizadeh et.al [6] have found that for brass annealed at 400°C, the brass 

has passed the recovery stage and entered the recrystallization stage. 

The properties of the recrystallized grains depend on the size of the new grains and the texture of 

the grains. The texture is in general not randomly oriented, but they have a preferred orientation. 

Both the size of the grains and the texture can differ throughout the specimen since they recrystallize 

at different rates. [5]  

 

2.4 Grain growth 
If the brass is annealed at a high temperature for a long time, the recrystallization can exceed to 

grain growth. The instability in the material can lead to further grain growth of the already 

recrystallized grains. During grain growth, the driving force is the energy stored in the grain 

boundaries of the material. When grain growth occurs in the material, the larger grains start growing 

and the number of grains reduces since the smaller grains are being adsorbed by the larger grains. 

The energy configuration in the grain boundaries are lower than for the recrystallized grains.  [4] 
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The grain growth in material are influenced by temperature, which needs to be high. The size of the 

specimen and the texture of the material. [5] 

2.5 Annealing effect on hardness 
The microstructural changes during the different stages of the annealing process influences the 

hardness. The decreasing number of dislocations, the reduced or removed stresses and the increased 

grain size during annealing are all parameters which influences the hardness of the material. Figure 3 

Table 1 and Figure 4 shows results from earlier reports how the recrystallization temperature affects 

the hardness. Note that the hardness values in Table 1 are in Brinell instead of Vickers and therefore 

the values cannot be used to make an exact comparison. [5]  

 

Figure 3. Hardness as a relation of recrystallization temperature. [7] 

Table 1. Hardness prior to and after annealing [8] 

 

 

Figure 4. Hardness values influenced by annealing. [9] 
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2.6 Cold working 
During the manufacturing of cases, the brass experiences plenty of processes which shapes the brass, 

as seen in table… The brass is plastically deformed at each step and to be able to make further 

reshaping of the brass, it should be annealed between each step to recreate the properties and 

enable further reshaping without destroying the brass. To plastically deform the brass at 

temperatures much lower than its melting temperature, there are several tools used. The tools 

experience the brass for external forces, such as drawing forces in extrusion or pressure forces in 

shaping which plastically deforms the brass and changes its microstructure and properties. [8] 

When the brass is cold worked and plastically deformed, it changes it structure. The grains change 

shape and are often aligned in the direction of the cold working. Within the grains, dislocations and 

vacancies in the microstructure occur and the area of the grain boundaries increases. The increase of 

the grain boundary area is greater for smaller grain sizes and for larger strains. A significant amount 

of the stored energy caused by the cold working comes from the energy associated in the increase of 

the grain boundary area. The stored energy could affect the annealing, an inhomogeneity of the 

stored energy might affect the recrystallization and will also influence the growth of new grains. [5] 

During cold working, there can also be an internal structure formed within the microstructure. All 

these internal structures involve some form of created boundaries and many dislocations are located 

within these newly created boundaries. The increased dislocation density which are caused during 

the forming and plastic deformation depends on the fact that old dislocations are trapped and that 

new dislocations occur during the deformation. [5] 

As the annealing is affected by the cold working, the cold working is also affected by the annealing 

between the different cold working processes. A research report in the area discovered that the 

brass annealed at 400°C showed a better ability for deep drawability, showed high strength and had 

an excellent formability. [10] 
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2.7 Material study 
In the following chapter, a further explanation about brass, its properties and microstructure will be 

given. 

2.7.1 Brass in general 
The cases are made of so called cartridge brass. The cartridge brass is also known as 70/30 brass, 

meaning that the brass consists of ca 70% copper and 30% zinc, there are also some other elements 

present in the brass. The cartridge brass is the brass alloy that experience the best combination of 

strength and ductility. The cold-working and deep-drawing ability are also good in the cartridge brass 

which are very important material properties for cases where there are many forming and drawing 

steps in the manufacturing process. The phase in the material is a α-phase, where the zinc and the 

copper forms α-solid phase thanks to the excellent solid solubility in zinc. It is seen in Figure 5 that 

the α-solid phase does not change unless it is annealed in a temperature of 900°C. The brass has a 

Face Cubic Centre – structure (FCC-structure), seen in Figure 6. [3, 11] 

 

Figure 5. Phase diagram for brass. [11] 
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Figure 6. FCC-structure. [12] 

2.7.2 Microstructure  
As previously mentioned, the brass in the cases consists of a single solid α-phase with a FCC-

structure. The grain size and other parameters such as for example annealing twins has great 

influence on the properties of the brass. After annealing, the grains and the structure should be 

uniform, equiaxial and grain coarsening should be avoided for the microstructure to receive the best 

possible properties after the deformation. 

 

Figure 7. Microstructure of a) starting material, b) cold-worked material, c) annealed at 300°C & d) annealed at 400°C [10] 

In Figure 7, the images of the microstructure of the starting material, the cold-worked material, the 

material annealed at 300°C and the material annealed at 400°C. The brass annealed at 300°C has 

grains that has not entirely recrystallized and the grains will still contain dislocations from the cold-

working. These grains cannot further deform in other forming processes which could lead to 
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problems further in the manufacturing. When annealed at 400°C, the grains have recrystallized and 

the grains have reached the desire recovery and are equiaxed, fine and strain-free. The low strain 

rate in the material means that it has good properties for further formability. If the material is 

annealed at even higher temperatures, such as 500°C, the increased number of annealing twins 

entails that the formability in the material is reduced. Figure 8 shows a comparison of the 

microstructure annealed at 400°C and 500°C where the annealing twins can be seen in the grain 

boundaries when the brass has been annealed at 500°C. Annealing twins occur during annealing in 

material of FCC-structure when the straight-sided crystals in the material have a twinned orientation 

relative to the crystals neighbours.  The twin boundary might form in a corner of the grain which is 

growing during the annealing and then extend along with the original crystal. [13] 

Annealing twins can be formed during recovery, recrystallization and grain growth. In recovery, one 

set of twins developed per region, the twins increased both in number and width as the annealing 

continued. The regions where the twins occurred experienced a loss in dislocations. The annealing 

twins can form new orientations which were not present in the earlier deformed state. These new 

directions might form an important role in the annealing texture. [5] 

 

  

Figure 8. Brass annealed at a) 400°C and b) 500°C. [14] 
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Figure 9. Microstructure of cases at a) before annealing and b) after annealing. [8] 

In Figure 9 the microstructure of brass prior to and after annealing is seen. The grains of the brass 

which has been exposed to drawing, seen in the left of Figure 9, the grains are elongated in the 

direction of the forming. The grains after annealing are bigger, more randomly orientated and some 

annealing twins can be seen in the microstructure. [8] 

 

The grain boundaries work as obstacles for the dislocations in motion in the brass. This means that 

smaller grains in the material makes it harder for dislocations to move in the brass and the 

mechanical properties in the brass are improved. A report by Pande et.al [14] made about annealing 

twins has showed that the twin boundaries also works as a dislocation barrier and that the annealing 

twins has the same influence on hardness as regular grain boundaries. Earlier it had been expected 

that the grain boundaries would have been a more effective barrier for the dislocations. 

 

At a material database it is found that the grain size for cartridge brass annealed at 370°C lies around 

8µm and brass annealed at 400°C has a grain size of around 10µm. [15] 

 

2.7.3 Other parameters influencing hardness 
The mechanical properties in the material are influenced by several phenomena. Grain size is one 

important property, but other phenomena involved include the amount and structure of dislocations 

and the texture of the grains. Since this work not included any investigation and measurements of 

these phenomena, they will not be discussed further. [5] 

It was also mentioned by Norma that the brass experiences variations in hardness already when it is 

delivered from the manufacturers. 
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3 Method 

3.1 Manufacturing 
Cases are a simple product, but manufacturing it is not easy. The process of manufacturing a case 

from the original shape of a cup involves plenty of different steps and differs from case to case as 

well as the tolerances which needs to be very precise to ensure the high quality. The manufacturing 

processes of Win Mag and 308 differ in some steps, as seen in Table 2, the 308 is extruded one time 

less than the Win Mag and the 308 experience shaping and calibrating simultaneously while the Win 

Mag is shaped and calibrated in different steps. Figure 10 gives an overview of how the case is 

formed during some the different steps from cup to finished product.  

Table 2. Manufacturing processes 

 Cartridge case 

Manufacturing process 300 Winchester Magnum 308 Winchester 

Annealing ✔ ✔ 
Extrusion 1 ✔ ✔ 
Annealing ✔ ✔ 
Extrusion 2 ✔ ✔ 
Annealing ✔ ✔ 
Extrusion 3 ✔ ✔ 
Annealing ✔  

Extrusion 4 ✔  

Cut neck to length ✔ ✔ 
Shaping bottom of case ✔ ✔ 
Primer hole stamping ✔ ✔ 
Annealing neck ✔ ✔ 
Shaping & calibrate neck   ✔ 
Shaping neck ✔  

Calibrate ✔  

Turning  ✔ ✔ 
Annealing neck ✔ ✔ 
Polish ✔ ✔ 
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Figure 10. How the cases are formed at different steps during the manufacturing. [16] 

As seen in Table 2, the cases experience two different annealing’s of the neck during the 

manufacturing processes. The annealing at Norma is made by induction heating where the Win Mag 

at the first neck annealing is annealed for ca 14 seconds at an induction of 2,8 kW and at the second 

neck annealing ca 14-15 sec at 6,1 kW. The exact temperatures have not been measured but 

previous measurements at other cases at Norma Precision AB has shown that the temperatures lie in 

the range of 350-600°C. From Figure 5, it is seen that annealing at those temperatures does not 

change the phase of the microstructure for the brass. 

 

3.2 Selection of cases 
To find and differences in the hardness and microstructure of the cartridges, cartridges was taken at 

five different days where some parameters had been changed to find out if they influenced the 

results. Two different calibres were used, 300 Win Mag and 308 Win. The 300 Win Mag were taken 

three different days, the first day a Swiss material was used. The next time a German material was 

used and the third time it was the same German material but the tools used in the fourth extrusion 

and the calibration had been changed to new ones. The cartridges were taken from four different 

steps in the process, prior to the first neck annealing, after the first neck annealing, prior to the 

second neck annealing, where it had been shaped between the two steps and after the second neck 

annealing. Five cartridges were taken from each step every time to avoid coincidence and get a more 

qualitative result. 

 

3.3 Hardness measurements 
The hardness measurements performed at the cases were made by the Vickers method. The Vickers 

method uses a diamond tip which is pressed into the material by a certain force. The diamond makes 

an intent in the material and to determine the hardness, the diagonals of the intent are measured. 

Figure 11 shows how the intent looks and the Vickers method works. The hardness value is then 

calculated by using equation (1) where F is the force times gravity. 
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𝐻𝑉 =
0.189∗𝐹

𝑑1∗𝑑2
     (1) 

 

Figure 11. Explanation of a Vickers Hardness test [17]. 

The hardness in a material is used as a measure of resistance to plastic deformation. The indentation 

hardness is also of importance. A report by Elmustafa et. al has compared the hardness of 

nanohardness and microhardness. The report found that the hardness values for nanohardness were 

higher than for microhardness and that one explanation for this could be that the dislocation density 

increases when the shallower indentations are made. This work has contained hardness 

measurements with a regular hardness tester and a microhardness tester, so any similar 

observations should mean that the microhardness values would be higher, since it is the shallower 

indentations in this case. [18] 

The first measurements of the cases were made by measuring their hardness in the regular Vickers 

hardness tester seen in Figure 12. The load used for the measurements for the regular hardness was 

1kg. Each case was measured at three different distances, 1, 3 and 6 mm from the muzzle of the 

case, Figure 13 shows where at the case the different measurements were made. At each distance, 

the cases were measured five times at different places at the case, between the measurements the 

cases were rotated so that the distance would be equal. But since no equipment were used, the 

distance were not entirely precise and even.   
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Figure 12. The Vickers hardness tester used. 

 

Figure 13.  Where at the case the hardness was measured. 

 

3.4 Laboratory preparation 
After the hardness measurements, the next step was to enter the laboratory at Karlstad University 

and perform new examinations of the cases. Since time and resources are limited, not all cases could 

be examined in the further steps. To still get a quantitative result, two cases were selected from each 

day and step. The cases selected were the ones with the highest and lowest hardness values, 

respectively. To be able to perform the upcoming measures and investigations, the cases had to be 

prepared according to the following steps. First the case had to be cut into smaller pieces, this was 

done by using a saw which eventually cut the neck into smaller pieces. The strips cut in the earlier 

step was then mounted with Durofast into a plastic piece with one side of the cartridge visible, this 

side was the outside of the neck as seen in Figure 14, how the case looked after mounting is seen in 

Figure 15. 
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Figure 14. Description of how the cutting was made. 

 

Figure 15. One of the cases after cutting and mounting. 

The pieces were then grinded and polished to make the surface smooth and remove dirt by the steps 

described in Table 3, the force was constantly set at 25N and the machine rotated with a speed of 

300rpm.  Between the different polishing steps, the pieces were cleaned in alcohol and placed in an 

ultrasound machine, this was done to remove particles from the pieces. 

Table 3. Polishing steps 

Type of polisher Time Additions 

320 mesh 2 min Water 

Piano 500 3 min Water 

Allegro 3 min Blue lubricant and 6µm spray 

MD Plus 3 min Green lubricant and 3µm pasta 

 

3.5 Microhardness measurements 
When the pieces had been polished, a new hardness measurement of the cartridges were made. The 

difference this time was that it was made by micro Vickers and the load was 10g, the micro Vickers 

measurer are seen in Figure 16. The measurements were made automatically and the settings were 

set to measure the hardness with a spacing of 0.1 mm from the edges and 1 mm into the material 

from the respective edge and with a spacing of 0.3mm in the middle section of the piece. The 

indentations followed a zigzag pattern with 0.05mm as distance of the pattern. For example: A case 

that were 5mm long was measured 10 times from 0,1mm to 1mm from the nuzzle with a spacing of 
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0,1mm. It was measured 10 times at 4mm to 5mm from the nuzzle with a spacing of 0,1mm. 

Between 1mm and 4mm the spacing was 0,3mm between the indentations.  

 

Figure 16. The micro Vickers hardness tester used. 

 

3.6 Microstructure 
Prior to the microstructure analysis, the pieces had to be etched. The etching was made by dipping 

the pieces in ammonium persulfate and rinsing under flowing water. The reason for etching was to 

make the grain boundaries in the material become clear and visible to perform the analysis of the 

microstructure. 

The microstructural investigations were made at Karlstad University by using an optical microscope 

seen in Figure 17. The focus was on measuring the grain size and get an overview of how the 

microstructure looked at each step. To perform the grain size measurements, which were made by 

the Intercept method and the ASTM method, the program Leica QWin which was installed on the 

connected computer was used. The size of the grain was measured at four places per case, one time 

at each edge of the case and at two spots in the middle of the case. As for the hardness, this was 

done to see if there were any variations in the grain size depending on where at the case the 

measurement was made. At all the places were grain size measurements were made, an image of the 

microstructure was taken, both with a high magnification and with a lower magnification. All the 

microstructure images can be found in Appendix 3. 
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Figure 17. The optical microscope used for grain size measurements 

 

3.6.1 Intercept method 
The Intercept method was performed at a magnification of 100X. Three different sized circles are 

placed on the image of the microstructure. At every grain boundary that intercept the circles, one 

line is made on the computer. The average grain size is the calculated by dividing the number of grain 

intercepts per unit length. [19] 

3.6.2 ASTM 
The ASTM grain size number, G, is calculated by equation (2) where NAE is the number of grains per 

square inch, which can be multiplied with 15.50 to change the unit to grains per millimetre. [19] 

                                                             𝑁𝐴𝐸 = 2𝐺−1                                                                          (2) 
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4 Results 

4.1 Hardness 
In Tables 4-11, the average HV-values from the cases at 1mm, 3mm and 6mm respectively is 

presented. The Win Mag results can be found in Tables 4-7 and the 308 results in Tables 8-11. The 

entire results from the hardness measurements can be found in Appendix 1. 

Table 4. Hardness values for Win Mag, 1st step 

Day, step and Case 
number 

Average hardness at 
1mm (HV) 

Average hardness at 
3mm (HV) 

Average hardness at 
6mm (HV) 

1.1.1 198,5 206,9 199,7 

1.1.2 194,2 202,5 203 

1.1.3 205,5 205,8 204,7 

1.1.4 205,7 199,9 206,7 

1.1.5 211 205,8 202,1 

2.1.1 198,6 212,8 206 

2.1.2 204,8 207,4 204,2 

2.1.3 205,4 210,2 205,4 

2.1.4 200,4 206,6 208,8 

2.1.5 206,4 208 206,4 

3.1.1 205,8 210,4 214,4 

3.1.2 193 214 212,6 

3.1.3 213,4 216,4 213,2 

3.1.4 203 220 212,4 

3.1.5 208 215,2 214,8 

 

Table 5. Hardness values for Win Mag, 2nd step 

Day, step and Case 
number 

Average hardness at 
1mm (HV) 

Average hardness at 
3mm (HV) 

Average hardness at 
6mm (HV) 

1.2.1 112 116,2 120,2 

1.2.2 115,5 118,2 123 

1.2.3 109,3 112,4 118,3 

1.2.4 118,1 115,7 120,7 

1.2.5 116,4 114,1 120,2 

2.2.1 111,8 114,8 121 

2.2.2 116,6 116,6 119,8 

2.2.3 116 118,4 120,2 

2.2.4 116,8 121 124,6 

2.2.5 116,2 116,8 122 

3.2.1 113,8 114,2 119,6 

3.2.2 116,4 116,2 118,8 

3.2.3 112,6 115,4 119,2 

3.2.4 112,8 115 119,4 

3.2.5 114,2 117,4 122,8 
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Table 6. Hardness values for Win Mag, 3rd step 

Day, step and Case 
number 

Average hardness at 
1mm (HV) 

Average hardness at 
3mm (HV) 

Average hardness at 
6mm (HV) 

1.3.1 201,5 213,7 226,7 

1.3.2 217,3 218,9 224,8 

1.3.3 220,4 219,2 222,7 

1.3.4 217,6 223,3 223,9 

1.3.5 215,7 220,5 225,3 

2.3.1 217 215,6 220 

2.3.2 214,6 217,2 219,6 

2.3.3 212 212.2 219,2 

2.3.4 213,4 220,8 220,8 

2.3.5 217,4 216 217,4 

3.3.1 212,8 212,8 218,2 

3.3.2 213,6 212,6 222,4 

3.3.3 217,4 217,6 219,4 

3.3.4 213,8 211,6 219,6 

3.3.5 208,8 218,4 218,4 

 

Table 7. Hardness values for Win Mag, 4th step 

Day, step and Case 
number 

Average hardness at 
1mm (HV) 

Average hardness at 
3mm (HV) 

Average hardness at 
6mm (HV) 

1.4.1 105 107,4 114 

1.4.2 106,6 110 114,6 

1.4.3 103,6 106,6 115,6 

1.4.4 106,2 110,8 118 

1.4.5 105,6 107,8 115 

2.4.1 108,6 111 120,2 

2.4.2 107,6 110,2 116,8 

2.4.3 106,2 112 119,2 

2.4.4 108,6 113,2 117,2 

2.4.5 107,6 112,4 117,8 

3.4.1 102  106,4 114 

3.4.2 103 106 114,2 

3.4.3 104 107,8 115 

3.4.4 103,2 106,2 116,2 

3.4.5 104,6 106,2 114,6 
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Table 8. Hardness values 308, 1st step 

Day, step and Case 
number 

Average hardness at 
1mm (HV) 

Average hardness at 
3mm (HV) 

Average hardness at 
6mm (HV) 

4.1.1 183,8 204 206,8 

4.1.2 182,4 203,6 203,6 

4.1.3 189,2 210,2 205 

4.1.4 188,6 202 204,6 

4.1.5 185,8 206,4 207 

5.1.1 190,4 204 204,6 

5.1.2 184,2 205,8 204,8 

5.1.3 184,8 202,8 205,4 

5.1.4 188 199,6 205,4 

5.1.5 186,2 204,4 200,4 

 

Table 9. Hardness values for 308, 2nd step 

Day, step and Case 
number 

Average hardness at 
1mm (HV) 

Average hardness at 
3mm (HV) 

Average hardness at 
6mm (HV) 

4.2.1 85,2 85,8 91,4 

4.2.2 86,8 87 93,8 

4.2.3 89 91,8 95,4 

4.2.4 88,2 90,4 95,8 

4.2.5 87,4 85,6 92,8 

5.2.1 88,6 89,2 94 

5.2.2 89,2 91,4 94,8 

5.2.3 88,2 90,4 95,4 

5.2.4 90 92,4 98,4 

5.2.5 87,8 91,2 93,8 

 

Table 10. Hardness values for 308, 3rd step 

Day, step and Case 
number 

Average hardness at 
1mm (HV) 

Average hardness at 
3mm (HV) 

Average hardness at 
6mm (HV) 

4.3.1 187,8 206 203 

4.3.2 196,2 207,8 203,2 

4.3.3 196,2 211 205,4 

4.3.4 206,4 202,2 202,2 

4.3.5 192 198,8 202,4 

5.3.1 199 203 209,6 

5.3.2 194,2 207,6 205,6 

5.3.3 194,8 205,4 208,8 

5.3.4 200,6 205 207,2 

5.3.5 193,2 203,2 208,6 

 

 



21 
 

Table 11. Hardness values for 308, 4th step 

Day, step and Case 
number 

Average hardness at 
1mm (HV) 

Average hardness at 
3mm (HV) 

Average hardness at 
6mm (HV) 

4.4.1 98,2 104,2 109 

4.4.2 104,4 109 113,8 

4.4.3 105,6 109,6 115 

4.4.4 106,4 105,8 114,2 

4.4.5 101,8 107,2 114,4 

5.4.1 102,2 107,2 115,4 

5.4.2 101 105,4 113,8 

5.4.3 103,4 107,8 116,6 

5.4.4 105,6 105,6 114,4 

5.4.5 104,6 107 113,2 

 

4.2 Microhardness 
The average hardness values at the entire cases and 1mm into the cases from the respective edge 

from the microhardness measurements can be found in Tables 12-19. The Win Mag results are found 

in Tables 12-15 and the 308 results are found in Tables 16-19. 

The complete results from the microhardness measurements are found in Appendix 2. 

Table 12. Microhardness values for Win Mag, step 1 

Day, step and case 
number 

Average hardness (HV) Average hardness at 
1mm (HV) 

Average hardness at 
back 1mm (HV) 

1.1.2 246,2 232,9 249,9 

1.1.5 243,2 224,6 249,6 

2.1.1 258,9 247,7 270,9 

2.1.3 268,4 259,2 270,3 

3.1.2 247 233 251,7 

3.1.4 245,6 235,3 250,9 

 

Table 13. Microhardness values for Win Mag, step 2 

Day, step and case 
number 

Average hardness (HV) Average hardness at 
1mm (HV) 

Average hardness at 
back 1mm (HV) 

1.2.1 170,6 173,2 175,2 

1.2.5 175,8 175,2 173,2 

2.2.1 177,1 170,6 170,4 

2.2.4 170,5 168,4 163,7 

3.2.3 177,6 181,2 177,9 

3.2.5 183 184,6 180,6 
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Table 14. Microhardness values for Win Mag, step 3 

Day, step and case 
number 

Average hardness (HV) Average hardness at 
1mm (HV) 

Average hardness at 
back 1mm (HV) 

1.3.2 249 245,9 250,6 

1.3.3 255,2 254,6 257,7 

2.3.3 247,1 243,2 256,3 

2.3.4 272,3 256,7 290,4 

3.3.4 252,8 254,4 252,3 

3.3.5 249,7 243,4 250,8 

 

Table 15. Microhardness values for Win Mag, step 4 

Day, step and case 
number 

Average hardness (HV) Average hardness at 
1mm (HV) 

Average hardness at 
back 1mm (HV) 

1.4.2 167,6 164,2 162,7 

1.4.3 166,9 162,9 165,1 

2.4.2 173 167,3 178,2 

2.4.4 196 205,4 186,7 

3.4.1 178,7 176,6 174,8 

3.4.4 174,2 171,5 177,9 

 

Table 16. Microhardness values for 308, step 1 

Day, step and case 
number 

Average hardness (HV) Average hardness at 
1mm (HV) 

Average hardness at 
back 1mm (HV) 

4.1.2 245 - - 

4.1.3 245,9 246 250 

5.1.2 248,1 243,1 245,2 

5.1.4 - - - 

 

Table 17. Microhardness values for 308, step 2 

Day, step and case 
number 

Average hardness (HV) Average hardness at 
1mm (HV) 

Average hardness at 
back 1mm (HV) 

4.2.1 180 - - 

4.2.4 190 - - 

5.2.2 182,6 182,8 179,2 

5.2.3 190 190 180,2 

 

Table 18. Microhardness values for 308, step 3 

Day, step and case 
number 

Average hardness (HV) Average hardness at 
1mm (HV) 

Average hardness at 
back 1mm (HV) 

4.3.3 - - - 

4.3.4 251,1 252 245,5 

5.3.2 249 252,2 252,1 

5.3.3 - - - 
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Table 19. Microhardness values for 308, step 4 

Day, step and case 
number 

Average hardness (HV) Average hardness at 
1mm (HV) 

Average hardness at 
back 1mm (HV) 

4.4.1 196,6 200,1 191,5 

4.4.3 172,9 173,4 173,1 

5.4.3 - - - 

5.4.5 - - - 

 

 

4.3 Microstructure 
The results from the grain size measurements will be presented in Tables 20-27, in form of grain size 

in µm and ASTM-number. The Win Mag results are found in Tables 20-23 and the 308 results are 

found in Tables 24-27.  

The measurements were made at different places and the distances described in the Tables 20-27 

means the following: 1mm front means that the measure was made around 1mm from the muzzle, 

1mm back means that the measure was made around 1mm from the other end of the neck. Middle 

front means that the measure is made in the middle of the case, but closer to the front and middle 

back means that the measure is made in the middle of the case but closer to the back. 

The images of the microstructures are found in Appendix 3, except for those that were too damaged 

by scratches to make a qualitative analysis on. 

Table 20 - Grain size and ASTM for Win Mag, step 1 

Case and place of 
measurement 

Grain size (µm) ASTM 

1.1.5, 1mm front 6,1 11,3 

1.1.5, middle front 5,8 11,6 

1.1.5, middle back 5,8 11,6 

1.1.5, 1mm back 5,7 11,6 

2.1.3, 1mm front 6,5 11,2 

2.1.3, middle front 6,1  

2.1.3, middle back 6,4 11,3 

2.1.3, 1mm back 6,1 11,4 

3.1.4, 1mm front 6,3 11,3 

3.1.4, middle front 5,7 11,6 

3.1.4, middle back 6,7 11,2 

3.1.4, 1mm back 6,2 11,3 
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Table 21 - Grain size and ASTM for Win Mag, step 2 

Case and place of 
measurement 

Grain size (µm) ASTM 

1.2.5, 1mm front 7,5 10,7 

1.2.5, middle front 7,4 10,7 

1.2.5, middle back 7,1 11 

1.2.5, 1mm back 6,9 11,1 

2.2.4, 1mm front 7,6 10,8 

2.2.4, middle front 7,5 10,7 

2.2.4, middle back 7,3 10,7 

2.2.4, 1mm back 7,1 10,6 

3.2.5, 1mm front 7,6 10,8 

3.2.5, middle front 7,7 10,8 

3.2.5, middle back 7,1 11 

3.2.5, 1mm back 7,7 10,8 

 

Table 22 - Grain size and ASTM for Win Mag, step 3 

Case and place of 
measurement 

Grain size (µm) ASTM 

1.3.3, 1mm front 6,4 11,3 

1.3.3, middle front 6,9 11,1 

1.3.3, middle back 6,5 11,2 

1.3.3, 1mm back 6,3 11,3 

2.3.4, 1mm front 7 11 

2.3.4, middle front 6,8 11,1 

2.3.4, middle back 6,9 11,1 

2.3.4, 1mm back 6,8 11,1 

3.3.5, 1mm front 7,3 10,9 

3.3.5, middle front 6,9 11,1 

3.3.5, middle back 7 11 

3.3.5, 1mm back 6,9 11,1 

 

Table 23 - Grain size and ASTM for Win Mag, step 4 

Case and place of 
measurement 

Grain size (µm) ASTM 

1.4.2, 1mm front 7,3 10,9 

1.4.2, middle front 8,1 10,6 

1.4.2, middle back 7,6 10,8 

1.4.2, 1mm back 7,7 10,8 

2.4.4, 1mm front 7 11 

2.4.4, middle front 6,9 11,1 

2.4.4, middle back 8,1 10,6 

2.4.4, 1mm back 8,1 10,6 

3.4.1, 1mm front 6,9 11,1 

3.4.1, middle front Unusable Unusable 

3.4.1, middle back Unusable Unusable 

3.4.1, 1mm back Unusable Unusable 
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Table 24 - Grain size and ASTM for 308, step 1 

Case and place of 
measurement 

Grain size (µm) ASTM 

4.1.3, 1mm front 6,7 11,1 

4.1.3, middle front 6,5 11,3 

4.1.3, middle back 6,7 11,1 

4.1.3, 1mm back 6,5 11,3 

5.1.2, 1mm front 6,1 11,4 

5.1.2, middle front 6,2 11,4 

5.1.2, middle back 6,4 11,3 

5.1.2, 1mm back 6,6 11,2 

 

Table 25 - Grain size and ASTM for 308, step 2 

Case and place of 
measurement 

Grain size (µm) ASTM 

5.2.2, 1mm front 7,6 10,8 

5.2.2, middle front 6,8 11,1 

5.2.2, middle back 7,2 10,9 

5.2.2, 1mm back 6,7 11,1 

5.2.3, 1mm front 7,4 10,9 

5.2.3, middle front 7,1 11 

5.2.3, middle back 7,3 10,9 

5.2.3, 1mm back 8,1 10,6 

 

Table 26 - Grain size and ASTM for 308, step 3 

Case and place of 
measurement 

Grain size (µm) ASTM 

4.3.4, 1mm front 8,3 10,6 

4.3.4, middle front 7,1 11 

4.3.4, middle back 6,2 11,4 

4.3.4, 1mm back 6,7 11,2 

5.3.2, 1mm front 7,2 10,9 

5.3.2, middle front 7,1 11 

5.3.2, middle back 6,6 11,2 

5.3.2, 1mm back 6,2 11,4 
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Table 27 - Grain size and ASTM for 308, step 4 

Case and place of 
measurement 

Grain size (µm) ASTM 

4.4.1, 1mm front 8,1 10,6 

4.4.1, middle front 6,8 11,1 

4.4.1, middle back 7 11 

4.4.1, 1mm back 7,4 10,8 

4.4.3, 1mm front 7,3 10,9 

4.4.3, middle front 7,1 11 

4.4.3, middle back 7,5 10,8 

4.4.3, 1mm back 6,9 11,1 
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5 Discussion 

The results obtained in the former chapter will be discussed below. 

5.1 Hardness 
In Table 4, the hardness values for the Win Mag cases taken from step 1 are found. It is seen that the 

values differ quite a lot. The three respective days shows similar hardness values and the cases also 

differs where at the case the highest values are obtained. 

The results in Table 5 shows that after the first neck annealing, the hardness is lower than compared 
to the hardness prior to the annealing. This is due to the annealing, where the structure in the 
material is recovered or recrystallized. The hardness from the different days are still even and the 
variations are similar. One observation made from the results is that the hardness at 6mm constantly 
are higher than those at 1mm and 3mm. An explanation could be that the heat further down in the 
case does not get as high as it becomes closer to the muzzle or that it takes a little bit longer time to 
reach a temperature where the recovery occurs. That could mean that the grains further down in the 
neck cannot recover and recrystallize as well as the grains closer to the muzzle.  

After the shaping, the hardness increases again, as seen in Table 6. This is due to that during the 

shaping the cases experience, the material is plastically deformed and new stresses and strains occur 

in the brass during and after the shaping of the neck. As in the previous step, the hardness is highest 

further down in the cases. That is closest to where the shaping occurred and the material could show 

extra tendency to recover to its previous shape and the stresses are higher. The higher hardness 

from the earlier step could also matter, to be able to shape the harder material where some stresses 

from earlier steps still could remain and the new stresses will include both new and old stresses.  

After step 4, which is the most interesting result since after this step, only cleaning remains before 

the cases are finished and ready to use. There are some clear tendencies in the results in Table 7, 

moving further down in the case from 1mm to 3mm and 6mm, the hardness increases at each 

distance. This could mean that also in this step, the anneal does not reach further down in the 

material as quickly as it does at the top and therefore the recovery is shorter and cannot recover the 

grains as good as it can closer to the muzzle.   

Another thing that is noticed is that the results from day 2 constantly have a higher hardness than 

the other days, at 1mm, 3mm and 6mm except for one case from day 1. The earlier steps have not 

shown any of these tendencies so the assumption is that the final annealing is the main reason for 

this result and that the material and the tool which has not been changed are non-influencing 

parameters. If the material and the tool had been influencing parameters, it would also have affected 

the earlier steps. Since the brass has not recovered and recrystallized as good as it did on the other 

days, the annealing would have had to be a little bit longer in order to receive the same hardness 

values as the other days. 

The results in Table 8 show that the 308’s prior to the first step shows similar behaviour as the Win 

Mag in the same step. The variations are quite big, although for the 308’s, the hardness at 1mm are 

lower than the hardness at 3mm and 6mm for all cases. 

After the first annealing, the hardness decreases vigorously as seen in Table 9. The variations are 

smaller than in the first step but there is still a pattern that the cases are harder at 6mm and softer at 

1mm. The reason for this are assumed to be same as for Win Mag, that the recovery in the material 

are worse further down in the material. 
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The shaping of the 308 provides a dispersion of the hardness as seen in Table 10. The hardness at 

6mm varies less than at 1mm and 3mm but there are differences of where at the cases they have the 

highest hardness as different cases have 1mm, 3mm and 6mm as the hardest spots. That the 

variations are more spread than in the earlier steps means that the shaping and calibrating of the 

cases affect the properties and new stresses and dislocations are formed in the material during that 

step of the manufacturing. 

The hardness of the nearly finished 308, seen in Table 11, shows that except for the first case, the 

hardness at the different steps are uniform. The hardness increases when moving further down the 

cases and the results are similar to the results of the finished Win Mag which can be found in Table 5. 

This implies that the final annealing step is the most important one since the difference in hardness 

in the earlier steps, especially the earlier step, where the variations of hardness were more 

widespread and the distance at where the highest hardness values was obtained, does not affect the 

final result of hardness. The cases do show resembling behaviour in hardness and does so also when 

being used, hopefully. Since the brass varies in hardness already when being delivered from the 

manufacturer, it is very difficult to obtain similar hardness values for the cases. That the variations 

were as smallest after the second annealing means that the annealing are well suited for the cases 

and provides the cases with desired properties. 

 

5.2 Microhardness 
The microhardness measurements for Win Mag step 1, seen in Table 12 shows two clear tendencies. 

The first tendency is that for all the different days, the cases show the highest hardness at the back 

of the case and the other tendency is that day 2 constantly have a higher hardness than the other 

days, regardless of where at the case the measurements are made. 

After the first annealing, the microhardness is highest in the cases from day 3, as seen in Table 13. 

Where each case displays the highest hardness value varies, but the cases from day 3 does constantly 

display higher hardness values compared to the cases from the other days. 

The hardness is even after the shaping, where the results are found in Table 14. With one exception, 

where 2.3.4 shows a lot higher values, especially at the back of the case which probably depends on 

scratches since there were some scratches at that end. 

The hardness in the finished Win Mag, seen in Table 15, shows similar tendencies as the previous 

step. One of the cases are a lot harder than the rest which are quite even. 

The microhardness for 308, where the results are found in Tables 16-19, showed similar 

shortcomings. A general theme was that some of the cases were too damaged to get complete 

results from. The cases that was possible to get qualitative results from showed similar values and 

the few results that were obtained from the damaged cases corresponded to those results. Only the 

cases at step 4 showed some variation where one of the two cases were a lot harder than the other 

case.  

Comparing the results from the microhardness measurements for Win Mag and 308 at the respective 

steps, the hardness values are equivalent for both types of cases. This could imply that the annealing 

is even and that the properties in the different cases are equal at the different steps. 
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When comparing the hardness results with the microhardness results, the hardness values were 

higher during the microhardness measurements. This could depend on several reasons. One reason 

could be that the smaller and softer indentations do not affect the material as much as the harder 

indentations, which also correspond to what was found in the earlier report by Elmustafa et.al about 

indentation size and their influence [18]. Another reason could be that during the cutting, the cases 

deformation hardened. The assumption is that this did not occur since the microhardness values 

were even for the different steps and for both Win Mag and 308. If the cases had deformation 

hardened, the dispersion would have been larger since all cases were cut individually and most likely 

would have hardened differently. 

It is also noticed that the cases that showed the highest hardness values during the regular hardness 

measurements not always were the ones that showed the highest hardness values during the 

microhardness measurements. For some of these cases, the explanation is that some of the other 

cases from the same step have been affected by scratches. The values in those scratched cases are 

much higher than all the other measured values, which draws the assumption that something is 

wrong with those cases. But not all the cases which showed the highest hardness values are no 

longer the ones with highest hardness values due to scratches in other cases. One explanation for 

this could be that the stresses in the material does not influence the hardness as much when the 

measurements are made with the smaller indentation and lighter force. 

 

5.3 Microstructure 
The results from the grain size measurements, found in Tables 20-27, shows that the size of the 

grains at the different steps does not change particularly much after the two annealing’s of the neck 

of the cases. The significant changes in hardness between the different steps means, however that 

something has happened in the brass during the annealing. Since the two annealing steps at the end 

are performed under a very short period and experience annealing temperatures that are not 

extremely high when brass is involved, the brass has most likely experienced recovery in the material 

during the annealing. That the brass has experienced recovery is a probable explanation since the 

time and temperature are too short and too low to experience recrystallization and grain growth. 

This also correspond to what was found in the earlier report in the subject. [5] 

The grain sizes of the annealed samples are approximately 7-8µm, which is similar to what the results 

in the material database showed. This also implies that the annealing was made at a lower 

temperature or that the short time meant that the grains only recovered. Had recrystallization or 

grain growth occurred, the increase in grain size would have been more particular than the results 

showed. 

On the microstructural images, some of which can be seen in Appendix 3, the different 

magnifications show different things. When looking at the higher magnification, where the grain size 

measurements was made, the annealed cases and the cases taken prior to the annealing looks very 

similar and it is hard to conclude which are annealed or not just by looking at the images. The lower 

magnification gives an overview of the microstructure and for most of the cases which are hardly 

damaged at all, the microstructure of the annealed cases resembles the microstructures in Figure 7 

and 9. It is also possible to get a better overview of the difference in the microstructure between the 

annealed and not annealed samples where the annealed samples have a more randomly oriented 

structure compared to the samples prior to the annealing. 
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Since the cases shall be possible to reload and use several times, it is desired to have some tension in 

the neck so the case recovers to the earlier shape after the shot, since it expands during the firing of 

the case. If the recrystallization and grain growth were absolute, the cases would lose some 

necessary properties which would limit the usage.  

5.4 Hardness related to microstructure 
When the microhardness of the cases is compared to their respective grain sizes, it is seen that there 

are slight differences between the grain sizes of the annealed samples compared to the samples 

prior to the annealing. The grain size increase slightly in the annealed samples, as mentioned this is 

most likely due to the recovery which occur in the grains during the annealing. The differences are 

not especially big and by only measuring the grain size it is not possible to determine the exact 

hardness of a sample. To be able to do that, other and sincerer measurements of properties in the 

brass would have need to be made, some the specific parameters which would have need to be 

measured are the amount of dislocations in the brass, the texture of the microstructure and if 

annealing twins has been formed during the manufacturing of the cases. Dislocations which is 

probably the most important parameter for the hardness and other mechanical properties are also 

one of the parameters that are affected by the annealing and recovery of the material.  

The connection between the grain size of the brass and the hardness of the case is not linear. It is not 

possible to compare two samples and say that since sample 1 has a slightly smaller grain than sample 

2 and then draw the conclusion that sample 1 have a higher hardness value. That the cases can differ 

in this but also the result that the grain size of the brass increased after the annealing means that the 

size of the grains influences the hardness but it is not the only parameter influencing. This also 

implies that the grains size of the brass is not the dominating parameter when it comes to hardness 

in the material. 

 

5.5 Problems  
Some problems that occurred during the work was that during polishing, other particles that were 

attached to the papers or the machine scratched some of the surfaces. This meant that many of the 

specimens was damaged and could not be perfectly examined in the microhardness and 

microstructure measurements. Most of the samples could still be used with some wrongfully values 

removed from the results but some other samples could not be used at all which meant that some of 

the different steps got a bit lesser results and comparison than wanted. In general, this problem did 

not have an influence on the final results since the amount of cases selected meant that other cases 

could be used.  

There were also some things during the work that could have been done differently, for example: 

To be able to determine the exact temperature and possibly also see how evenly distributed the 

annealing is, one alternative could have been to attach a heat camera at the annealing. Being able to 

follow the annealing with the help of a heat camera could have helped to determine if the annealing 

is one of the main reasons for the variations in the cases.  

It could also have been a good idea to follow 20 exactly similar cases from the same material from 

the start of the manufacturing process all the way through it and then remove five prior to the first 

neck annealing, five after the first annealing, five after the shaping and five after the second neck 

annealing. Doing this would ensure that the cases are similar and it would also mean that the tools 

would have similar properties throughout the manufacturing. Now, when five random cases were 

selected at each step at a similar time, the material and origin was known but some other things 
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which could affect the properties were not. Such as if the tools were old for some cases and new for 

some cases, or if some of the earlier annealing had differed for example.  

The cases showed plenty of variation in hardness at the regular hardness measurements depending 

on where at the case the measurement was made. When the cases later were cut, they were cut into 

a strip which meant that only a small piece of the case were examined in the microhardness and 

microscope. This meant that the variations and difference in each case could not be investigated but 

only a random part of the cases. To be able to see and examine the variations in each case would 

have been good since it would really give a good understanding of what differs in the material of the 

cases. 

 

5.6 Future work 
To get a more precise understanding of what the variations depend on in hardness and 

microstructure, one suggestion to really determine what the variations in hardness and 

microstructure depends on would be to try and anneal the cases at different times and temperatures 

and examine which ones gives the best results with as little variation as possible. 

It would probably also be a good idea to involve more parameters in any future investigations in the 

area, such as dislocations, dislocation density, annealing twins and their influence and an 

investigation of the texture of the brass at the different steps. 
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6 Conclusion 

The cases vary in hardness in each step both for regular and microhardness. Microstructural analyses 

and grain size measurements might be used to see if the case has experienced annealing or not. 

Although only the grain size does not give a complete understanding of the hardness and the 

hardness cannot be determined only by the grain size. For a better understanding and a more 

complete measurement of the hardness and the variations, more parameters need to be included in 

the analysis, primary the dislocations substructure size and the dislocation density. The Win Mag and 

the 308 show some small differences in hardness and microstructure but they both show the same 

tendencies and there are no clear differences between the two cases and their manufacturing and 

annealing processes. The different days also showed similar tendencies and no difference could be 

seen.  
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8 Appendix 

Appendix 1 
Hardness values from the measurements. 

Table A1.1. Hardness values Win Mag day 1 step 1 

 

 

Table A1.2. Hardness values Win Mag day 1 step 2 
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Table A1.3. Hardness values Win Mag day 1 step 3 

 

 

 

Table A1.4. Hardness values for Win Mag day 1 step 4 
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Table A1.5. Hardness values Win Mag day 2 step 1 

 

 

Table A1.6. Hardness values Win Mag day 2 step 2 
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Table A1.7. Hardness values for Win Mag day 2 step 3 

 

 

Table A1.8. Hardness values for Win Mag day 2 step 4 
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Table A1.9. Hardness values for Win Mag day 3 step 1 

 

 

Table A1.10. Hardness values for Win Mag day 3 step 2 
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Table A1.11. Hardness values for Win Mag day 3 step 3 

 

 

Table A1.12. Hardness values for Win Mag day 3 step 4 
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Table A1.13. Hardness values for 308 day 4 step 1 

 

 

Table A1.14. Hardness values for 308 day 4 step 2 
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Table A1.15. Hardness values for 308 day 4 step 3 

 

 

Table A1.16. Hardness values for 308 day 4 step 4 
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Table A1.17. Hardness values for 308 day 5 step 1 

 

 

Table A1.18. Hardness values for 308 day 5 step 2 
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Table A1.19. Hardness values for 308 day 5 step 5 

 

 

Table A1.20. Hardness values for 308 day 5 step 4 
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Appendix 2 
The complete results from the microhardness measurements. 

Table A2.1. Microhardness values for case 1.1.2 

 

 

 

Table A2.2. Microhardness values for case 1.1.5 

 

 

 

 

Table A2.3. Microhardness values for case 1.2.1 

 

 

 

 

Table A2.4. Microhardness values for case 1.2.5 

 

 

 

 

Table A2.5. Microhardness values for case 1.3.2 
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Table A2.6. Microhardness values for case 1.3.3 

 

 

 

Table A2.7. Microhardness values for case 1.4.2 

 

 

 

 

Table A2.8. Microhardness values for case 1.4.3 

 

 

 

 

Table A2.9. Microhardness for case 2.1.1 

 

 

 

 

Table A2.10. Microhardness for case 2.1.3 
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Table A2.11. Microhardness values for case 2.2.1 

 

 

 

 

Table A2.12. Microhardness values for case 2.2.4 

 

 

 

 

Table A2.13. Microhardness values for case 2.3.3 

 

 

 

 

Table A2.14. Microhardness values for case 2.3.4 

 

 

 

 

Table A2.15. Microhardness values for case 2.4.2 
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Table A2.16. Microhardness values for case 2.4.4 

 

 

 

 

Table A2.17. Microhardness values for case 3.1.2 

 

 

 

 

Table A2.18. Microhardness values for case 3.1.4 

 

 

 

Table A2.19. Microhardness values for case 3.2.3 

 

 

 

 

Table A2.20. Microhardness values for case 3.2.5 

 

 

 

Table A2.21. Microhardness values for case 3.3.4 
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Table A2.22. Microhardness values for case 3.3.5 

 

 

 

Table A2.23. Microhardness values for case 3.4.1 

 

 

 

 

Table A2.24. Microhardness for case 3.4.4 

 

 

 

 

Case 4.1.2; okay values ca 245. 

 

Table A2.25. Microhardness values for case 4.1.3 

 

 

 

Case 4.2.1; okay values ca 180. 

 

Case 4.2.4; okay values between 180-200. 

 

Case 4.3.3; okay values between 280-320. 
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Table A2.26. Microhardness values for case 4.3.4 

 

 

 

 

Table A2.27. Microhardness values for case 4.4.1 

 

 

 

 

Table A2.28. Microhardness values for case 4.4.3 

 

 

 

 

Table A2.29. Microhardness values for case 5.1.2 

 

 

 

 

Case 5.1.4 were to scratched to measure. 
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Table A2.30. Microhardness values for case 5.2.2 

 

 

 

 

Case 5.2.3; okay values between 180-200. 

 

Table A2.31. Microhardness values for case 5.3.2 

 

 

 

 

The final three cases could not be measured due to their scratches. 
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Appendix 3 
The microstructure images observed in the optical microscope. Where a) is at 1mm, b) is at the 

middle closer to the muzzle, c) is at the middle closer to the chest of the case and d) is at 1mm from 

the chest. 

 

 

Figure A3.1. Case 1.1.5 at high magnification. 

 

Figure A3.2. Case 1.1.5. 
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Figure A3.3. Case 1.2.5 

 

 

Figure A3.4. Case 1.3.3. 
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Figure A3.5. Case 1.4.2. 

 

 

Figure A3.6. Case 2.1.3. 
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Figure A3.7. Case 2.2.4. 

 

 

Figure A3.8. Case 2.3.4. 
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Figure A3.9. Case 2.4.4. 

 

 

Figure A3.10. Case 3.1.4. 
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Figure A3.11. Case 3.2.5. 

 

 

Figure A3.12. Case 3.3.5. 

 

Case 3.4.1 had a lot of scratches on the surface and is therefore not published. 
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Figure A3.13. Case 4.1.3. 

 

 

Figure A3.14. Case 4.3.4. 
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Figure A3.15. Case 4.4.1. 

 

 

Figure A3.16. Case 4.4.3. 
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Figure A3.17. Case 5.1.2. 

 

Case 5.2.2 is too damaged on the surface. 

 

Figure A3.18. Case 5.2.3 
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Figure A3.19. Case 5.3.2. 


