University Of Wales Trinity Saint David
School of Engineering





Manufacturing Processes and defects
ACMA4000







Aled Thomas
2206212
5th February 2024




Table of Contents
1	Abstract	1
2	Introduction	2
2.1	Aims	2
2.2	Objectives	2
3	Literature Review	3
3.1	Extrusion	3
3.2	Die Casting	5
3.3	Welding	7
4	References	11

Figure 1 - Example of Extrusion Process (Saha, 2000, pp. 12-13)	3
Figure 2- Macro (a) and Micro-structure (b) of Mg-5Zn-1.5Y (Jafari, et al., 2022)	4
Figure 3- Die Casting (Kopeliovich, 2023)	5
Figure 4- Shielded metal arc welding process (Soy, et al., 2011)	8
Figure 5- Thermite welding process (Ashby & Jones, 2013)	8
Figure 6- Spot welding process (Bharaj, et al., 2023)	9
Figure 7- Regions of a weld site	9
	
Table 1- Microstructure grain sizes for die cast alloys (Yang, et al., 2023)	6
Table 2- YS / UTS results of high temperature exposure test. (Bai, et al., 2022)	7
Table 3- Welding UTS (MPa) (Zuhailawati, et al., 2016)	10

2

[bookmark: _Toc158059712]Abstract
When designing a product, it is vitally important to choose the correct process that suits the requirements of the parts within it. This is integral for the success of the product. Each process has its advantages and disadvantages, and challenges that could cause defects.
Three of these processes, die casting, extrusion, and welding are used extensively in industry, and by researching their applications in products, and investigating through external experiments within studies and research papers, their microstructures and how they affect the strength of the formed metal can be considered.


[bookmark: _Toc158059713]Introduction
The processes for forming metal in different ways is pivotal to fabrication. These methods can create different shapes, with differing strengths and weaknesses. Three particular fabrication techniques, extrusion forming, die casting, and welding, have been chosen for analysis.
[bookmark: _Toc158059714]Aims
This report aims to analyse three chosen fabrication techniques, and drill down into the reasons these techniques are used.
[bookmark: _Toc158059715]Objectives
To research the application, advantages, and disadvantages of three fabrication techniques, and research how the processes differ in the properties they produce within the metals.


[bookmark: _Toc158059716]Literature Review
[bookmark: _Toc158059717]Extrusion
Extrusion (see figure 1) is a process by which a material (a billet), is subjected to pressure and plastic deformation, by being forced through an opening (die) in the shape of the desired profile. This creates one long continuous cross-sectional prism of whatever length is required. (Saha, 2000, pp. 12-13)
[image: ]
[bookmark: _Toc158059339]Figure 1 - Example of Extrusion Process (Saha, 2000, pp. 12-13)
The most popular use of extrusion is to create bars, tubes, and wires. These can take complex shapes such as, construction of shell bodies of train cars, frame pieces of buses and cars, and ‘I’ shaped beams for structural support. (Bauser, et al., 2006)
There are drawbacks to the extrusion process. Only shapes with a consistent cross section can be made, and there is some waste created, as the end of the billet is unable to be pushed through the die. Also, the process is more suited to softer materials. Harder materials would require more pressure to push through the die and may be too hard entirely for the process. Some advantages to using the process include complex cross sections that can be achieved with the ability to make them hollow. The cost to the extrusion press is less than other similar operations such as rolling. There is a small grain size, which is directly related to the strength of the material as per the Hall-Perch relation, which states that as the grain size decreases the yield stress the material can withstand increases (Ohring, 1995). Production can be done at scale with high yields for small parts, and some brittle materials are also able to be extruded. (Bhoyar & Umredkar, 2020)
A report by Shahid Rajaee Teacher Training University found that a piece of extruded magnesium-zinc-yttrium alloy (Mg–5Zn–1.5Y) had a dendritic microstructure (see figure 2) with the average percentage area approximated at 12.76% (Jafari, et al., 2022)
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[bookmark: _Toc158059340]Figure 2- Macro (a) and Micro-structure (b) of Mg-5Zn-1.5Y (Jafari, et al., 2022)
According to Aalco, a metal supplier who holds specification sheets on all the material they supply. A 20mm extruded Aluminium 6082 bar with a T6 temper has a minimum ultimate tensile strength (UTS) of 295 MPa (Aalco Metals Ltd, 2019) which shows that the extrusion process has given the material a good strength through the formation of a strong small microstructure.
An investigative journal in ‘Materials Science & Engineering’ states that by combining both rolling and extrusion processes, they were able to increase the ultimate tensile strength for a ZK60 magnesium alloy. Starting at just 209 MPa UTS for just rolling to 327 MPa using the combination of both (Sabbaghian, et al., 2021), proving its ability to increase tensile strength compared to rolling which is often a process used in place of extrusion for simpler flat shapes.
There are numerous defects that can occur during the extrusion process which are well documented in the book ‘Aluminium Extrusion Technology’ (Saha, 2000, pp. 177-199) and can be caused by many factors. Which can be environment, material, or machine. For aluminium extrusion, examples of the defects that can occur are;
· Back-end defect
· This can be remedied by ensuring the quality of the billet’s back end (Butt) thickness. Also knowing when to recover the billet to minimise waste but before the defect is caused by a butt thickness less than 5%.
· Streak
· These are usually caused by defects in the macro grain structure of the billet material before extrusion. A quality analysis of the billet should detect these issues.
· Surface / cracks
· This can be caused by speed, temperature, or die bearing length. Remedies can be figured out by altering each, starting with speed as it’s caused by the material flow rate at the die.
· Die line / Drag / Pick up.
· Die line defects can be caused by foreign materials being pushed through the die with the material and can be resolved by cleaning out the extruder.
· Blister
· This defect is caused by trapped gases in the extrusion chamber which can emanate from the billet material. A coating can be applied to the billet material to prevent corrosion giving off any gas to prevent blistering.
[bookmark: _Toc158059718]Die Casting
In the die casting process, a hollowed container (a mould/die) is filled with a molten material through a sprue. The die then allows the heat to dissipate, cooling the material to re-solidify. The mould is made from a material that has a higher melting point than the material being moulded. Which can be sand, ceramic, or metallic. It is created in two halves, which can split apart when the material is cooled to allow the removal of the finished product. (Nee, 2014)
[image: A diagram of a casting process
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[bookmark: _Toc158059341]Figure 3- Die Casting (Kopeliovich, 2023)
Many complex geometry parts are created using die casting, such as automotive components, pistons, enclosures, and fixings for plumbing pipework. (Kopeliovich, 2023)
The advantage of using die casting is a large degree of freedom on complexity of the product, and high strength parts with a good finish. It can be automated so it can have a high production rate with low labour costs. And the scrap can be recycled. Although, there is some trimming required where the moulds meet that creates flash, and the sprue tag. Each new mould would be expensive to produce and needs to be replaced when the die exceeds its lifespan. Initial set up for a new product would mean a long lead time before a 1st off is produced. (CustomPartNet, n.d.)
[bookmark: _Toc158059705]Table 1- Microstructure grain sizes for die cast alloys (Yang, et al., 2023)
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Table 1 shows the grain sizes within the microstructures of a variety of alloys after a high pressure die casting (HPDC) process. The sizes vary, but the study concludes through the testing of the alloy series’ tensile yield strengths that the strongest are the AX/J, the MG-RE, and the ZA series. The ZA series ZA88 (Mg-8Zn-8Al) was particularly interesting as it was a standout in the series with a TYS of roughly 248 MPa. The microstructure of which consisted of a bimodal structure, “coarse α-Mg grains” (figure 5a), and “ultra-fine β-Mg grains” (Figure 5b). Roughly 5.6µm and 0.67µm respectively. (Yang, et al., 2023)
[image: ]
Figure 4- ZA88 Bimodal microstructure (Yang, et al., 2023)

A study into ultimate tensile strength testing was done with one of the Mg-RE alloys (WZA631) using the same HPDC process, the alloy was tested while at 200ºc for a temperature resistance strength test. 
The ultimate tensile strength (UTS) of the material decreased from 229 MPa to 200 MPa after being held at 20 minutes and 500 hours respectively. (Bai, et al., 2022)
[bookmark: _Toc158059706]Table 2- YS / UTS results of high temperature exposure test. (Bai, et al., 2022)
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There are many defects that can occur in the die casting process.
· Misruns
· This is caused by the material solidifying before the mould is fully filled. A number of parameters can be checked to resolve this issue. The fluidity, temperature, or flow rate of the material entering the mould could be insufficient. Or the cross section of the mould cavity needs to be thicker.
· Cold Shuts
· This is due to two sections of material flowing together without fully fusing. The causes are the same as the previous defect. As it’s usually due to the mould not being filled before the material starts to solidify.
· Cold shots
· These result from splattering during the pouring process and causes small beads of material to form in the casting. It can be prevented by using a less turbulent pouring technique and use of gating systems to avoid any splattering.

[bookmark: _Toc158059719]Welding
There are many ways metals can be joined via welding. These are classified as fusion welding, cast welding, or resistance welding. Each of these classifications have many processes under them. For example, under fusion welding you have shielded metal arc welding (figure 4), plasma arc welding, laser beam welding, etc.
[image: ]
[bookmark: _Toc158059342]Figure 4- Shielded metal arc welding process (Soy, et al., 2011)
The cast welding process includes thermite welding (figure 5), electro-slag welding, and electro-gas welding. 
[image: ]
[bookmark: _Toc158059343]Figure 5- Thermite welding process (Ashby & Jones, 2013)
Resistance welding includes spot welding (figure 6), seam welding, flash butt welding, etc.
[image: ]
[bookmark: _Toc158059344]Figure 6- Spot welding process (Bharaj, et al., 2023)
Applications vary for each welding process and are used in fabrication in conjunction with sheet metal for sealed enclosures, strengthening via joining, and creating complex geometry, but also include things like tool buildup / repair, electronic components, aircraft engine components. Welding is used in almost every sector of industry, for example, aerospace, automotive, marine/offshore, oil and gas, medical, and military, etc. (Nee, 2014)
The microstructure of weld depends greatly on the welding process and the metal used. Also, it’s not unusual for nonequilibrium microstructures to form due to rapid cooling rate effects of the weld. 
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[bookmark: _Toc158059345]Figure 7- Regions of a weld site (David, et al., 2003) 
Weld solidification is similar in its process to casting solidification, but contrast to casting, the growth rate and temperature gradient throughout the weld varies significantly. At the boundary of the fusion zone the rate of growth is low, and the temperature gradient is steepest. But growth rate increases while as proximity to the weld centreline is reached, temperature gradient declines. (David, et al., 2003)
An investigation carried out on the strength of welded 304 2B sheet metal 12mm thick using the arc welding process ‘Tungsten Inert Gas (TIG) welding‘ and using a universal testing machine to drive an increasing force down across the weld until the point of joint failure to measure the ultimate tensile strength of the joint. Multiple samples were measured with varying conditions (current, filler depth, and flow rate) in order to measure differences in UTS in MPa.
[bookmark: _Toc158059707]Table 3- Welding UTS (MPa) (Zuhailawati, et al., 2016)
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The tests concluded a high current with a small filler, and low flow rate is best for weld joint strength. (Zuhailawati, et al., 2016)
There are a number of possible defects that can occur when welding. (Baughurst & Voznaks, 2009)
· Misalignment
· This is where mating edges do not line up with one another and can be caused by set-up, varying thicknesses of materials used, or by warpage from the welding heat.
This can be remedied by use of jigs to ensure a tight mating edge, using correct material or fettling back the lip, or by lowering the heat/use of a heatsink.
· Concave / convex welds
· Convex welds bulge excessively outward and concave welds curve excessively inwards. This is caused by both incorrect electrode current, and weld speed. And can be avoided by adjusting the aforementioned parameters.
· Cracking
· A fracture in the product, this can occur in the weld, the base metal, or the heat affected zone (HAZ).
Cold cracking can be caused by the metal shrinking as it cools with highly restrictive welds. And can be avoided by jigging the metal while it cools, use of heatsinks, preheating weldments, or less constrained welds.
Transverse cracks are base metal cracks that run perpendicular to the weld length. Starting at the toe of the weld, they are caused by shrinkage. Preheating the weld area or swapping out the filler to a more ductile material can prevent this from occurring.
Longitudinal cracks are base metal cracks that run parallel to the weld length. They are usually caused by inconsistent cooling rates throughout the weld. This can be due to the weld width being too wide, too high of a current, welding speed, or root gap. And, shrinkage.


References
Aalco Metals Ltd, 2019. 6082 - T6 Extrusions. [Online] 
Available at: https://www.aalco.co.uk/datasheets/Aluminium-Alloy-6082-T6-Extrusions_338.ashx
[Accessed 31 01 2024].
Ashby, M. F. & Jones, D. R. H., 2013. Engineering Materials 2. 4th ed. Oxford: Butterworth-Heinemann.
Bai, Y. et al., 2022. New HPDC Mg-RE based alloy with exceptional strength and creep resistance at elevated temperature. Materials Science & Engineering A, Volume 840.
Baughurst, L. & Voznaks, G., 2009. Welding defects, causes and correction. Australian Bulk Handling Review, pp. 26-28.
Bauser, M., Sauer, G. & Seigert, K., 2006. Extrustion. 2nd ed. Ohio: ASM International.
Bharaj, A. S. et al., 2023. Study of resistant spot welding and its effect on the metallurgical and mechanical properties _ a review. Materials Today: Proceedings.
Bhoyar, V. & Umredkar, S., 2020. Manufacturing Processes Part II: A Brief Review on Rolling & Extrusion. International Journal of Innovations in Engineering and Science, 5(1), pp. 33-37.
CustomPartNet, n.d. Die Casting. [Online] 
Available at: http://www.custompartnet.com/wu/die-casting
[Accessed 01 02 2024].
David, S. A., Babu, S. S. & Vitek, J. M., 2003. Welding: Solidification and microstructure. The Journal of The Minerals, Metals & Materials Society (JOM), 55(6), pp. 14-20.
Jafari, H., Houshang, A. & Heydari, M., 2022. Effect of extrusion process on microstructure and mechanical and corrosion properties of biodegradable Mg–5Zn–1.5Y magnesium alloy. International Journal of Minerals, Metallurgy and Materials, 29(3), pp. 490-502.
Kopeliovich, D., 2023. Die casting. [Online] 
Available at: https://www.substech.com/dokuwiki/doku.php?id=die_casting
[Accessed 01 02 2024].
Nee, A. Y. C., 2014. Forming and Joining: Materials Joining. In: A. Y. C. Nee, ed. Handbook of Manufacturing Engineering and Technology. London: Springer Publishing Company, Incorporated, pp. 568-784.
Nee, A. Y. C., 2014. Metal Casting. In: A. Y. C. Nee, ed. Handbook of Manufacturing Engineering and Technology. London: Springer Publishing Company, Incorporated, pp. 352-446.
Ohring, M., 1995. Engineering Materials Science. In: HOW ENGINEERING MATERIALS ARE STRENGTHENED AND TOUGHENED. Cambridge: Academic Press, pp. 431-500.
Sabbaghian, M. et al., 2021. Investigation of shear and tensile mechanical properties of ZK60 Mg alloy sheet processed by rolling and sheet extrusion. Materials Science and Engineering, Volume 828.
Saha, P. K., 2000. Fundamentals of Extrusion. In: Aluminum Extrusion Technology. Ohio: ASM International.
Soy, U. et al., 2011. Determination of welding parameters for shielded metal arc welding. Scientific Research and Essays, Volume 6, pp. 3153-3160.
Yang, Q., Xiaohan, W. & Qiu, X., 2023. Characteristics of High-Pressure Die Casting with High Strength-Ductility Synergy Properties: A Review. Materials (Basel), 16(5).
Zuhailawati, H., Jamaluddin, M. A., Seman, A. A. & Ismail, S., 2016. Welding Investigation and Prediction of Tensile Strength of 304 Stainless Steel Sheet Metal Joint by Response Surface Methodology. Procedia Chemistry, Volume 19, pp. 217-221.


image1.jpeg
Contaner

(11251111

Billet

¥

Die

Exiusion

i |

TREFETES

R e




image2.jpeg




image3.png
Die casting

Cover die

Molten | Ejector die
metal
Ejector
pins
— o
Plunger

Pressure chamber Sprue  Cavity
www.substech.com





image4.png
Table 1

Grain size and dominant intermetallic phases in various HPDC Mg alloys|

Alloy Grain Size (1m) Dominant Intermetallic Phases
AE44 ~14 Acicular/needle-like Al;REs, blocky AlRE
ALats 7-16 Acicular/needle-like Aly;Las
ALaM440 ~156 Acicular n-AlsLa (or (Mg,ADsLa)
ACess ~14 Acicular/needle-like Aly;Ces, blocky AlyCe
APra4 ~85 Quadrangle/polygon AL,Pr; acicular/petal-like Al;Pr;
ANda4 ~105 Quadrangle Al,Nd, dendritic/coarse-surface Al;;Nd;
ASma4 ~96 Petaloid ALSm
Petaloid/blocky/short-rod-like Al,Sm, dendritic
ASma6 ~63 /Blocky/ S
Aly;Smg
AGd44 ~59 Petaloid/blocky Al,Gd
Acicular, -AL3RE, bl indle-shapedALRE,
e =G0 +/flaky n-Alg locky/spindle-shapedAl,!
claviform Al;RE;
Lamellae (Mg,Al);Ca, lath-like Al; |REs, rod-like n-
AEX series ~7
AI3RE, blocky Al 12REo 85
AE] series ~136 Blocky AlSr or MggAL,St, lamellae MgySr;
ALa4a+B 107 Acicular Aly;RE;, blocky ALRE
MgRE o Net-work Mgy;RE, lamellae Mg3RE, plate-like B-series
series ) precipitates
d lamellae MgyRE and blocky W phase,
ZLaw423 ~61 RS ge chy Wl
lath-like LPSO
a1=10-30,a2= Lamellae Mgy;RE, blocky ALREs, precipitated AIMnRE
MgRE-Al
2-10 cluster/AL,RE
Lamellae (Mg,Al);Ca/Mg15ts, net-work Mg;Ca/AlSt,
AX/) series ~61
precipitated Al,Ca
al=~56a2=
za88 Nanosized icosahedral quasicrystal phase

~0.67
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‘Tensile properties values of WZA631 alloy at 200 °C after holding at 200 °C with

20 min, 200 h and 500 h.

Alloy Mechanical properties

YS, MPa UTS, MPa FS, %
WZA631-20 min 147 +3 22947 243121
WZA631-200 h 13344 20443 171425
WZA631-500 h 12443 20045 152417
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