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Abstract.
Forming casting and welding are crucial processes in manufacturing allowing the creation of intricate shapes and structures. Forming involves shaping a material without altering its mass. While casting involves poring molten material into a mould to achieve a desired form.

Understanding these processes is essential for designing efficient manufacturing workflows, ensuring product quality, and meeting specific industry requirements.

























Task 1.
Forming
Forming operations in regard to metal fabrication refers to a process that will re-shape a raw material in this case metal into a desired form. This can involve techniques such as forging, rolling, extrusion and drawing.
The process chosen to look at in detail is extrusion, specifically metal extrusion not plastic. As plastic extrusion can be used for forming food grade packaging or bag.
To try and simplify and explain extrusion as an overarching process, it is to force a material through a die to be able to achieve a continuous profile with a specific cross-sectional shape. However, this is still relatively broad as there are multiple types of extrusion. Direct extrusion, indirect extrusion, hydrostatic extrusion, lateral or vertical extrusion, hot extrusion, cold extrusion and impact extrusion.
Direct extrusion
Direct extrusion is where a metal billet is placed in a container and forced through a die to produce the desired shape. The force is directly applied to the billet which is typically pre heated. This is commonly used for metal profile process such as rods, tubes and other components that have a constant cross-sectional area.
[image: A diagram of a cylinder

Description automatically generated]
[bookmark: _Toc157948450][bookmark: _Toc157953065]Figure 1 Direct extrusion diagram overview
(Schmid, n.d.)



Sand casting.
This is a method of achieving a desired shape by pouring molten metal into to cavities that have been performed in sand and are then allowed to cool and solidify. 
The sand moulds are made from either wood or metal and are technically referred to as a flask. As shown in diagram below

[image: A diagram of a sand mold

Description automatically generated]
[bookmark: _Toc157948451][bookmark: _Toc157953066]Figure 2 Construction of a sand Mold
(Campbell, 1946)
The mould has been created to achieve the desired form, a liquid heated alloy medium is poured into the pouring basin into the runner and in gate starting the filling process. The alloy will be continued to pour until reaching the top of the rise point. The alloy is allowed to cool before splitting the pins and sections (partings) revealing the poured cast shape. The runner may be cut from the complete mould and may require dressing.
[image: A diagram of a sand mold

Description automatically generated]
[bookmark: _Toc157948452][bookmark: _Toc157953067]Figure 3 Sand Mold overview both open and closed view with pouring ladle.
Diagram taken from (Anon., n.d.)
Miscellaneous 
Welding is a process of joining to pieces of material together and in this case metal, however plastic specific welding is used also. It is a method of melting a medium to produce a joint or surface finish that can withstand severe weather and loading conditions. However, to prove the quality of a weld you must carry out non-destructive testing.
Welding is a broadened term as there are many sub forms as shown in the diagram below.
[image: A diagram of welding process

Description automatically generated]
[bookmark: _Toc157948453][bookmark: _Toc157953068]Figure 4 Welding processes and associated processes that fall under the broad term welding.
(Cary, 1980 - 1981 )
The example shown below is stick welding or shielded metal arc welding. Using a metal alloy which is encased in a shielding material. The path of current pases through the electrode when touching the earthed weld surface completing the electrical ciruit. The length, speed, temp and current setting of the set can contribute to the quality of the weld.
-[image: Diagram of a welding process

Description automatically generated] 
[bookmark: _Toc157948454][bookmark: _Toc157953069]Figure 5 An image of a modern shielded rod/ electrode core as it passes over its earthed base metal.
There are far more modern versions of welding such as electric resistance welding, laser welding, plasma arc welding and submerged arc welding.

Task 2.
Sand casting. 
Sand casting can make a wide variety of parts from trailer parts, gears, engine oil pans, cams bushings, bearings and low-pressure valves.
However, to be able to produce a high quality sand cast item pre-production and correct alloy selection is vital before finalising design and producing the piece of equipment.
[image: A person using a tool to make a machine

Description automatically generated]
[bookmark: _Toc157948455][bookmark: _Toc157953070]Figure 6 Employee blowing down complex sand cast Mold design for customer. Surface cleaned with low pressure air to remove small fine contamination before assembling the mould to complete state.
(Anon., n.d.)
Miscellaneous welding.
Thermite welding is an application of welding, which creates such a unique opportunity to overcome a fundamental issue. Imagine the sheer scale of the lifting operation if installing one enormous piece of singular track to span station to station. It would be impossible to complete in one length without bends etc. Set standard lengths can be used and thermite joined to create one continuous piece at remote locations.
Thermite welding is a welding process that produces coalescence of metal by heating them with super-heated liquid metal from a chemical reaction between metal oxide and aluminium with or without the application of pressure. (Cary, 1980 - 1981 )
Diagram below shows the thermite weld process. Taken from (Cary, 1980 - 1981 )
[image: A diagram of a metallurgical weld

Description automatically generated]
[bookmark: _Toc157948456][bookmark: _Toc157953071]Figure 7 Image taken from modern welding technology book showing the construction and layout of thermite weld steps.


















Task 3.
	Advantages – Sand casting
	Disadvantages – Sand casting

	Forming of complex shapes
	Handmade process with the possibility of human error

	Can be used to produced large scale parts
	Low structural strength

	Have a lower cost for tooling.
	Low dimensional accuracy

	Have a shorter lead time
	Rough surface finish due to mould medium

	The scarp produced can be recycled
	More casting defects

	Use a variety of alloys dependent upon specification of finalised product.
	Instable casting quality, mould can’t be re used.


(Campbell, 1946) (Caddell, 2011)

	Advantages – Welding
	Disadvantages – welding

	Strength and durability – welded joints exhibit high strength and durability producing a permanent joint.
	Require skill and trained people to carry out welding correctly.

	The joint can exhibit a greater strength with the correct filler material. Better than that of the original adjacent materials it is joining.
	Associated safety issues. Local exhaust ventilation from fume exposure, burns from exposure to arc and arc eye. Ensure the safe storage of gas bottles.

	A very cost effective and economical method of joinery.
	There are limitations to the material

	Certain weld applications dependent upon type are not limited to a workshop or factory environment.
	Distortion of material and shrinkage.

	
	Heated effected zone- damaging surround material either side of weld.


(Gibson, 1994)


	Advantages – Direct Extrusion
	Disadvantages – Direct Extrusion

	No modification required to the billet
	High forces are needed to overcome friction issues.

	It is suited to both hot and cold extrusion methods
	The but end of the billet is left inside the cavity on completion of material.

	Simplest of tooling methods compared to other extrusion methods.
	The force will fluctuate dependent upon ram position.



(Anon., 2019)
















Task 4.
Sand casting material microstructure for the specific alloy GW103K, which is a magnesium-based alloy. As the cooling rates were allowed to increase, meaning slowing the cooling time the average grain size increased. Looking at the table we can see the larger the pour, the longer it took to cool, and an average grain size increased. The larger grain size results in a reduction of toughness of the material. My fundamental understanding is that the smaller and more compact the microstructure the stronger the material.
(Benson, n.d.)
[image: A close-up of several images of a sample

Description automatically generated]
[bookmark: _Toc157948457][bookmark: _Toc157953072]Figure 8 Microstructure of magnesium-based alloy GW103K
 (Song Pang a, 2013)		
 The AGS of α-Mg were 59 μm, 50 μm, 47 μm, 41 μm, 39 μm, and the average value of the second phase is 17.6%, 18.4%, 19.1%, 22.0%, 24.5%, as seen from pictures.  A had the longest cooling time and e having the shortest.
(Song Pang a, 2013)
	[image: A graph of the average grain size and volume fraction of the eutectic

Description automatically generated]	(Song Pang a, 2013)
[bookmark: _Toc157948458][bookmark: _Toc157953073]Figure 9 Graph showing grains structure size, casting thickness and volume fraction. How the grain size corelated against casting thickness and cooling time GW103K.
Microstructure of die casting process on alloy AX73.
An intellectual journal written by highlights the microstructure of specific alloy AX73 which is another magnesium-based alloy (Mg–7Al–3Ca), having high strength value, high thermal conductivity and good heat resistance. The grain structure ranged from 4.7um to 6.1um. This because of the more rapid cooling of the outer side of the alloy than the inner core. When the alloy leaves the heated die, it is the outer edge that is first exposed to atmosphere and starts dissipating heat. 
(Jian Rong a, 1 August 2022)
[image: A yellow and black background

Description automatically generated with medium confidence]
(Jian Rong a, 1 August 2022)
[bookmark: _Toc157948459][bookmark: _Toc157953074]Figure 10 AX73 Microstructures
[image: A comparison of a graph

Description automatically generated with medium confidence]
(Jian Rong a, 1 August 2022) 
[bookmark: _Toc157948460][bookmark: _Toc157953075]Figure 11Bar graph showing grain size of edge region and core region.
Welding microstructure of Ti–6Al–4V.
Ti–6Al–4V is a graded titanium alloy used in welded joints via electron beam welding.
[image: A screenshot of a computer screen

Description automatically generated]The microstructure has a mixed pattern of acicular martensite or needle type of ferrite, there is a slight discrepancy between the two zones. The zones being the Fusion zone and heat effected zone. The fusion zone consists of small amounts of the primary where the microstructure has a mixed pattern of acicular martensite and the primary.  (Xiaoguang Yang a b, 12 March 2014)
(Xiaoguang Yang a b, 12 March 2014)
[bookmark: _Toc157948461][bookmark: _Toc157953076]Figure 12Microstructure of Ti–6Al–4V

Task 5.
UTS of welding with alloy Ti–6Al–4V.
The ultimate tensile strength of the weld is far greater than that of the base material and the joint. (Xiaoguang Yang a b, 12 March 2014)
The graphical representation of this shows the ultimate tensile strength, yield strength and elongation. The welded alloy Ti–6Al–4V is stronger than all. 
[image: A graph of strength and strength

Description automatically generated] 
[bookmark: _Toc157948462][bookmark: _Toc157953077]Figure 13 The graphical representation of this shows the ultimate tensile strength, yield strength and elongation.
(Xiaoguang Yang a b, 12 March 2014)

Ultimate tensile strength of alloy AX73.
The ultimate tensile strength of the AX73 is shown in comparison to other alloys on the chart below. The table also outlines its values comparative to other materials.
[image: A group of graphs showing different types of stress

Description automatically generated]
(Jian Rong a, 1 August 2022)
[bookmark: _Toc157948463][bookmark: _Toc157953078]Figure 14 ultimate tensile strength of the AX73 is shown in comparison to other alloys
[image: A white sheet with black text and numbers

Description automatically generated]
(Jian Rong a, 1 August 2022)
[bookmark: _Toc157948464][bookmark: _Toc157953079]Figure 15 Tensile properties shown in chart for AX73
The yield strength of the AX73 alloy is much greater than the AZ91D and AE44 alloys at room temperature, although it has a lower ultimate tensile strength and smaller elongation. 

Ultimate tensile strength of GW103K.
[image: A screenshot of a graph

Description automatically generated]The chart left shows the uts of GW103K, with b1 to c4 range being the regions tested.  Quote taken from paper High cycle fatigue behaviour of different regions in a low-pressure sand-cast GW103K magnesium alloy component.  
‘’As can be seen from Table II, the yield strength (YS), ultimate tensile strength (UTS), and elongation (EL) vary with the different regions. The YS varies from 228 to 243 MPa, and the UTS of Region C1 is up to 357 MPa while that of Region C2 is only 315 MPa. Region B2 shows the best ductility and the EL is up to 4.9%, while the EL of Region B1 is less than 2.0%. It is indicated that the UTS and EL are more sensitive to the inclusions than the YS from the tensile properties, especially for the brittle fractured specimens that fracture quickly after yield.’’
(Jiang, et al., Nov 14, 2014)
Chart taken from (Xiaoguang Yang a b, 12 March 2014)
[bookmark: _Toc157948465][bookmark: _Toc157953080]Figure 16 Chart grain size and UTS of GW103K
Task 6.
	Extrusion

	Surface scratches ranging from minor abrasions to deep channelled grooves on the surface of the extruded part.

	Die lines which are either raised or indented, that are not aesthetically pleasing for the customer or end product.

	Blistering profile small, raised bubbles on the surface and blisters.


(Anon., n.d.)
	Sand casting 

	Shrinkage inside the cavity to due contraction of casting medium.

	Pin holes in the casting sand medium, resulting in 2mm pins across certain surfaces of the casting.

	Misrun, where the poured molten alloy solidifies before filling the whole Mold void.


(Anon., n.d.)
	Welding

	Incomplete penetration of weld fill material and bases of joining materials.


	Excessive spatter where the electrode and fill material have spat small pieces of fill material out of the joint and over the surface.

	Cracked and weakened welds, providing very low strength as a fill material.


(Gibson, 1994)








Task 7.
Extrusion.
Surface scratches can be reduced and potentially eliminated by ensuring that there is sufficient lubrication between billet and die. Also regularly inspect and clean the die to ensure that any contamination is not allowed to initially build and accumulate.
Die lines can be prevented by regular inspection of the die for imperfections. Like blistering ensure that the parameter for the process is optimised such as temperature and speed.
Ensure strict and timely die cleaning along with adequate lubrication to high friction surfaces such as die.
Blistering can be minimised by ensuring optimum billet storage and prevent moisture accumulation. Pre heat the billet to remove and trapped gases or moisture. Optimise the process set points through monitoring to ensure optimum pressure and temperature.
(Anon., n.d.)

[image: A close-up of a metal surface

Description automatically generated]
(A.F.M. Arif, 2002)
[bookmark: _Toc157953081]Figure 17 Extruded aluminium billet through die showing defect signs of blistering.
Sand casting.
Defect remediation from shrinkage inside cavity of sand mold uneven solidifying of the poured molten alloy or maybe to high temperature of poured alloy. Correct use of a chill which causes specified solidification to the specific region of the mold.
Pin holes caused when the poured material cools and there is a very high concentration of water in the mold sand medium.  Good practices should be followed for fluxing and melting processes. Also increase the rate of solidification.
(Anon., n.d.)
[image: A collection of different shapes

Description automatically generated]
(Anon., n.d.)
[bookmark: _Toc157953082]Figure 18 Typical sand casting defects


Welding
Incomplete penetration of weld fill material and bases of joining materials. Possible causes of this can be related to the design of the joint is incorrect, the welding speed is far too fast, the welding current is too low, or the overall size of the nozzle is not correct. The rod for infill or electrode is far too large for the joint cap. 
(Gibson, 1994)
Excessive splatter caused by current welder set point to high, arc length is to long, arc blow or faulty electrode.
(Gibson, 1994)
Cracked or weakened welds possible cause and rectification faulty electrode, stressed weld, shape of the weld bead is incorrect, crater present and the cooling rate was far too fast.
(Gibson, 1994)
[image: A close-up of a metal surface

Description automatically generated]
(Anon., n.d.)
[bookmark: _Toc157953083]Figure 19 Weld blistering defect of splatter.












Bibliography
A.F.M. Arif, A. K. S. S. Q. M. R. K. A.-F., 2002. PRODUCT DEFECTS IN ALUMINUM EXTRUSION. The 6th Saudi Engineering Conference, KFUPM, Dhahran, December 2002 , 5(137), p. 18.
Anon., 2019. Engineering product design. [Online] 
Available at: https://engineeringproductdesign.com/knowledge-base/metal-extrusion/
[Accessed 4 February 2024].
Anon., n.d. American Industrial. [Online] 
Available at: https://americanindustrialsupl.com/weld-spatter-how-to-eliminate-or-minimize-the-problem/
[Accessed 4 February 2024].
Anon., n.d. Bajrang Engineering. [Online] 
Available at: https://bajrangengineering.in/types-of-casting-defects/
[Accessed 4 February 2024].
Anon., n.d. JM Aluminium. [Online] 
Available at: https://jmaluminium.com/blogs/understanding-extrusion-surface-defects/
[Accessed 4 February 2024].
Anon., n.d. Page Ltd sand casting company. [Online] 
Available at: . https://www.pace-ltd.com/gallery/
[Accessed 4 February 2024].
Anon., n.d. Sand casting. [Online] 
Available at: http://www.dhf-china.com/news/the-process-flow-of-sand-casting.html
[Accessed 4 February 2024].
Benson, S., n.d. The fabricator. [Online] 
Available at: https://www.thefabricator.com/thefabricator/article/bending/grain-size-part-ii-how-metal-grain-size-affects-a-bending-operation
[Accessed Sunday February 2024].
Caddell, W. F. H. &. R. M., 2011. Metal Forming mechanics and Mettallurgy. Fourth ed. New York: Cambridge University Press.
Campbell, H. L., 1946. Metal Castings. Seventh ed. New York: John Wiley & Sons inc.
Cary, H. B., 1980 - 1981 . Modern Welding Technology. Thrid edition ed. New Jersey: Hobart Brothers Company.
Gibson, S., 1994. Practical Welding. London & Oxford: Macmillan Education ltd.
Jian Rong a, W. X. a. b. Y. F. a. X. Z. a. P. Y. b. C. M. a. b. M. C. c. C. H. c., 1 August 2022. A high performance Mg–Al–Ca alloy processed by high pressure die casting: Microstructure, mechanical properties and thermal conductivity. Materials Science and Engineering: A, 849(1).
Jiang, L. et al., Nov 14, 2014. High cycle fatigue behavior of different regions in a low-pressure sand-cast GW103K magnesium alloy component. High cycle fatigue behavior of different regions in a low-pressure sand-cast GW103K magnesium alloy component, 29(21).
Schmid, S. K. &. S. R., n.d. Manufacturing and Engineering Technology. Sixth ed. s.l.:Prentice Hall.
Song Pang a, G. W. a. b. W. L. a. b. M. S. a. Y. Z. a. Z. L. a. W. D. a. b., 2013. Effect of cooling rate on the microstructure and mechanical properties of sand-casting Mg–10Gd–3Y–0.5Zr magnesium alloy. Materials Science and Engineering: A, 562(1), pp. 152- 160.
Unknown, unknown. Kings of welding. [Online] 
Available at: https://www.kingsofwelding.com/guides/smaw-stick-welding-how-to/
[Accessed Saturday February 2024].
Xiaoguang Yang a b, S. L. a. H. Q., 12 March 2014. Ti–6Al–4V welded joints via electron beam welding: Microstructure, fatigue properties, and fracture behavior. Materials Science and Engineering: A, Volume 597, pp. 225-231.



















Figure 1 Direct extrusion diagram overview	3
Figure 2 Construction of a sand Mold	4
Figure 3 Sand Mold overview both open and closed view with pouring ladle.	4
Figure 4 Welding processes and associated processes that fall under the broad term welding.	5
Figure 5 An image of a modern shielded rod/ electrode core as it passes over its earthed base metal.	5
Figure 6 Employee blowing down complex sand cast Mold design for customer. Surface cleaned with low pressure air to remove small fine contamination before assembling the mould to complete state.	6
Figure 7 Image taken from modern welding technology book showing the construction and layout of thermite weld steps.	7
Figure 8 Microstructure of magnesium-based alloy GW103K	10
Figure 9 Graph showing grains structure size, casting thickness and volume fraction. How the grain size corelated against casting thickness and cooling time GW103K.	11
Figure 10 AX73 Microstructures	11
Figure 11Bar graph showing grain size of edge region and core region.	12
Figure 12Microstructure of Ti–6Al–4V	12
Figure 13 The graphical representation of this shows the ultimate tensile strength, yield strength and elongation.	13
Figure 14 ultimate tensile strength of the AX73 is shown in comparison to other alloys	13
Figure 15 Tensile properties shown in chart for AX73	14
Figure 16 Chart grain size and UTS of GW103K	14
Figure 17 Extruded aluminium billet through die showing defect signs of blistering.	16
Figure 18 Typical sand casting defects	17
Figure 19 Weld blistering defect of splatter.	18

2

image1.png
Prifysgol Cymru

Y Drindod Dewi Sant
University of Wales
Trinity Saint David




image2.png
Container liner Container

Pressing
stem

‘Dummy block

Figure 2 - Direct extrusion (source: Kalpakjian & Schmid)




image3.png




image4.png
prag| Pang e

Sand Mold - Opened Sand Mold - Closed




image5.png
SOLOERING
)

ResisTAnce
WeLbING
w0

THERMAL
SPRAYING®
(THs)

()

anc 0\

N

WELDING,
PROCESSES

THERMAL
CUTTING
el

OTHER
CUTTING

oxvruEL

WELDING

Gas.
orw!

ADHESIVE

B0NDING
(A8D)





image6.png
Electrode Core Wire \

Shielded or|

Heavy Coatingl
Gaseous Shield

S‘a:mlf.‘:tlﬂg Shcath\ _\
AN <\\Ajl@? ) | rer

\ r 3





image7.png




image8.png
FIGURE 727 Steps in making a thermite weld.
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Fig. 4. OM of the (a) base metal, (b) HAZ and () FZ.
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Fig. 5. Tensile strength () and elongation (b) in base metal, joint and weld.
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Table 3. Tensile properties of the studied HPDC alloy under tension at RT and 175°C.

Alloys  RT 175°C

Y¥S002/MPa UTSoy/MPa Elongation /% YSogz/MPa UTS op/MPa Elongation /%

AZ9ID 15673 24513 6,103 90*4 148*2 27.140%
AE44 1557 23272 8.0°01 7842 1204 20,7494
AX73 18471 229°% 4.0°51 12872 1767} 12.9%01

AX73T5 196+ 238°2 3.9°02 1471 1927 121452
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Average grain size and tensile properties of different regions.
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