University of Wales Trinity Saint David
School of Engineering

Manufacturing processes and defects 
Introduction to Materials & Processes
ACMA4000 PART-TIME


Joshua Axon
2218372
5th February 2024



Contents
1	Abstract	3
2	Forming	3
2.1	Rolling	3
3	Casting	5
3.1	Sand Casting	5
4	Miscellaneous	6
4.1	Welding	7
5	References	7

2


[bookmark: _Toc1754942175]Abstract 
This report aims to outline the different forms of metal fabrication techniques, this report will focus on three distinct classifications of metal fabrication techniques forming, casting and miscellaneous processes. Firstly, each of the chosen processes will be defined, its common use, advantages and disadvantages of the process, the UTS of the material after the process as well as common microstructure and finally the defects associated with the processes and remedial work to avoid or set them right.
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Description automatically generated with medium confidence]The process of rolling is a specialized form of metal forming however it forms the basis of processing materials as rolling is a means to process large quantities of bulk material formed into more detailed material with specified thickness and cross-section area. Rolling involves passing a metal plate through a series of rollers which rotate counterclockwise to the direction of the metal plate with a pre-determined gap between they are purposefully set narrower than the thickness of the plate.

                                       Figure 1 - depictions of different rolling types taken from Wusatowski, 2013

The plate then experiences very high levels of frictional and compressive forces which cause plastic deformation and lead to elongation of plate width and length as well as the thickness of the plate reduces these types of deformation are commonly referred to as absolute elongation and draft (Ikumapayi, 2020). The bulk material used in metal rolling whether it be bloom, slabs or billets can be used to make a wide range of products such as structural shapes, bars, rods, plates & coils (Groover, 2010) the latter two are depicted in figure 1.
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Figure 2 - Process flow diagram from China steel of their roller mill setup.

Rolling can be categorised into four categories relating to the temperature at which the material is formed hot, warm, cold & isothermal (Groover, 2010).  Each category is done to suit the application and desired mechanical properties of the end product for example steel railway axles are cold rolled due to the high level of stresses that railway axles see in their life cycle, the compressive and fiction forces found in cold forming of the introduces residual stresses into the surface layer of the steel in a predictable way these residual stresses are often accompanied by changes in states for the material both microstructurally and work hardening these greatly increase the fatigue resistance also give superior corrosion fatigue resistance (Regazzi, 2020). 
However cold forming of the railway axles will inevitability increase the cost of manufacturing the axles as the material is worked at a lot lower temperature this drastically increases the required energy to deform the material even slightly, additionally, the ductility and strain hardening of the steel means that there is a limit to how much the material can be worked without inducing failures in the material if the workpiece hasn’t reached the desired finish the material may need to be annealed to allow further deformation (Groover, 2010). 
Often the reason to cold roll a piece of material is the increase in mechanical strength to do this a change must be made to the microstructure of the material and the grains within the material, cold rolled steel is often characterized by its finer grain structure which is ordered and organised however this present is steel that has undergone quite a lot of reduction via the rolling processing for example in pearlitic steel sheet which is commonly used in railway construction it’s found a reduction of 70% to 95% is required to get this fine grain structure and a high ultimate tensile strength, in one example that had been heavily reduced tensile strength of 2,500 MPA was observed (S. TAGASHIRA, 2000). 
However, the residual stresses created within the material via this method are very high and induce the risk of defects arising from the stress the material experiences, common defects for rolling, are non-metallic inclusions these non-metallic materials such as oxides find their way into the steel during the preparation of the molten material under strain these inclusions cause small cracks which propagate throughout the steel and form, edge cracks, zipper cracks (which propagate in the centre of the steel) and alligator cracks which are due to the aforementioned metallic weakness in the bonds in the centres of steel (often caused by the inclusions) that causes a separation of the upper and lower layers of the steel (Ikumapayi, 2020).  Non-metallic inclusions can be detected by using NDT commonly ultrasonic testing techniques are used as they can be used on the production line, it’s also not as involved as other methods and can be repeated quickly to cover large areas making it perfect for detecting defects inclusions 200µm and above, it’s generally thought that inclusions smaller than this while they could be detected with more precise scanning aren’t detrimental to the integrity of the material (Atkinson, 2003).
[bookmark: _Toc405446133]Casting 
[bookmark: _Toc243092893]Sand Casting 
Sand casting can be characterized as a shaping process these processes use heat, mechanical or a combination of both to alter a material to a desired shape. Initially, a mould is made using a pattern often made of wood, plastic or metal on the upper (cope) and lower (flask) sections these are then mated together with a runner/sprue section being added to allow the flow of molten material into the mould, the molten material is then poured into the mould it’s then allowed to cool and solidify removed from the sand mould the sprue/runner is trimmed off as depicted below in figure 3 (Groover, 2010). 

[image: ]Figure 3 -  Sand Casting taken from (Groover, 2010).


  





There are many different types of metal casting but the one outlined in Figure 3 is sand casting this uses sand as the mould below in Figure 4 is a process flow chart for sand casting unlike other methods of metal processing sand casting lends itself well to large workpieces such as engine blocks often grey cast iron or aluminium alloy 319 is used for these as their strength to weight ratio (Goenka, 2020).
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Description automatically generated]Figure 4 - Process Flow Diagram for sand casting taken from (Rao, 2007)

Casting as a process lends itself well to both small lot production or large scale production via automation of the pouring process this differentiates it from other processes as it can adapt to the requirements of specific jobs or projects. Additionally, if a suitable base material is selected a wide range of beneficial mechanical properties are found in the end cast product these include but are not limited to superior corrosion resistance, as well as improved heat resistance and overall strength of the part achieved via sand casting. The ultimate drawback of casting metal forming is its high energy consumption compared to other processes typically 2000KWH of energy is required to produce just 1 tonne of finished castings this high consumption is due to the requirements for the metal to be in a molten state before pouring. Additionally Metal casing is more labour-intensive compared to other processes such as rolling (Rao, 2007).
However, to get those additional beneficial mechanical special attention has to be paid to a section within Figure 4 the section about fetting, finishing & heat treatment sometimes known as solidification typically when castings are poured into the mould the molten material that makes contact with the mould organises into random arrangements of grain structures as it rapidly cools to the surface temperature of the mould, once this ‘skin’ is formed the casting begins to change its grains structure and changes to dendritic growth patterns these form long tree branch like grain structures (Groover, 2010). These grains can be detrimental to specific desirable material properties mentioned above and can increase defects such as suboptimal strength, lower corrosion resistance and hot cracking (Glicksman, 1989). Studies conducted on Aluminium Alloy 6063 found that changing the configuration to bottom gating to create a nice transition of molten material into the sand casting mould and increasing the pouring temperature of said molten material saw an increase in grain elongation and a reduction in secondary dendritic arm additionally it was found that the UTS of the aluminium alloy was upward of 170 MPa on test pieces (Raza, 2020).
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[image: Welding processes flow chart at PWI. ]Welding is the process of taking two parts such as rolled plate and or cast parts heating the base material and adding the addition of a filler material to form a molten pool of metal that cools to form a permanent joint between them. Although there are many different types the one mentioned above is typical of fusion welding using an electric arc (Groover, 2010). This uses immense heat (typically around 3600ᵒC & 3900ᵒC) created by producing a close loop circuit between the base material and electrode, thus creating the electric arc as the high voltage tries to bridge the gap between the electrode and base material in the newly formed circuit. There are many categories and subcategories for fusion electric arc welding such as SMAW (shield metal arc welding), (TIG (tungsten inert gas), MIG (metal inert gas) which SMAW & Tig are both manual processing requiring a ‘welder’ to control wire speed & deposition rates, MIG is a mechanised process using a wire feeder to control wire speed and metal deposition (Singh, 2021). These different parameters are often set through what is known as Weld Procedure Specification More commonly referred to as WPS as seen in figure 6. 
Figure 5 - Process Flow Diagram for fusion arc welding - Taken from (Yousaf, 2014).


[image: Diagram of a welding process

Description automatically generated]The most common of these is SMAW or ‘stick’ welding seen in Figure 6 (Phillips, 2016). Figure 6 - SMAW Welding process - Taken from (Singh Sidhu, 2008).

A typical application for electric arc welding is the use of fabricating process pipework for large pipelines stick welding lends itself well to this application because the equipment is simple, transportable, and cheap to procure. Additionally, it is suitable for indoor and outdoor use meaning it can be almost anywhere, the process is less suspectable to issues wind or drafts compared to other processes such as TIG or MIG, and it’s suitable for use with most commonly used mild steels (Singh Sidhu, 2008). However for this process to be productive high ‘welder’ skill is required because of the manual nature of the processes, additionally, the shield atmosphere made by the covering on the electrode is hazardous to health meaning additional precautions need to be taken when welding to safeguard the welder (Phillips, 2016).
The ultimate tensile strength of welded joints tends to be very high due to the high temperature at which the material is typically a UTS of 312 MPa can be achieved on standard low carbon steel grade A106 metal pipe (Haider, 2019). The typical microstructure of welded ferric low carbon steel is defined as acicular ferrite which is characterized by need crystallites or these cause the superior fracture toughness and these interlocking need structures resist crack propagation (Chaveriat, 1987).
In welding there is a multitude of different defects that can arise from the welding process for example lack of fusion between the weld metal and weld surface, surface & subsurface cracking, porosity and many more often NDE (Non-destructive Evaluation) is used to detect these defects most of common of these techniques is radiographic weldment imagine more commonly known as radiography this involves using gamma or x-rays and passing them through the welded joint and pick up on the other side of the joint via a recording device often a film this film is designed to absorb the radiation the general idea being that defects will allow a greater amount of radiation through and be darker on the film once processed (Deepak, 2021)
References
Atkinson, H. a. S. G., 2003. Characterization of inclusions in clean steels: a review including the statistics of extremes methods.. Progress in Materials Science, Volume 48, pp. 457-520.
Chaveriat, P. K. G. S. S. a. I. J., 1987. Low carbon steel weld metal microstructures: The role of oxygen and manganese.. Journal of materials engineering, 9(3), pp. 253 - 267.
Deepak, J. B. R. V. S. D. S. H. a. N. M., 2021. Non-destructive testing (NDT) techniques for low carbon steel welded joints: A review and experimental study.. Materials Today: Proceedings, Volume 44, pp. 3732 - 3737.
Glicksman, M., 1989. Fundamentals Of Dendritic Growth.. Crystal Growth in Science and Technology, Volume 210, pp. 167-183.
Goenka, M. N. C. R. R. G. P. P. A. a. J. J., 2020. Automobile Parts Casting-Methods and Materials Used: A Review.. Materials Today: Proceedings, Volume 22, pp. 2525 - 2531.
Groover, M. P., 2010. Fundamentals of Modern Manufacturing Materials, Processes, and Systems. 4th ed. s.l.:John Wiley & Sons Inc.
Guharaja, S. N. H. A. a. K. K., 2006. Optimization of green sand casting process parameters by using Taguchi’s method.. The International Journal of Advanced Manufacturing Technology, 30(11-12).
Haider, S. Q. M. B. J. N. B. M. a. A. I., 2019. ffect of Shielded Metal Arc Welding (SMAW) parameters on mechanical properties of low-carbon, mild and stainless-steel welded joints: a review. Journal of Advances in Technology and Engineering Research, 5(5).
I.V. Samarasekera, e. a., n.d. Hot Rolling - an overview | ScienceDirect Topics. [Online] 
Available at: https://www.sciencedirect.com/topics/chemistry/hot-rolling#:~:text=For%20steels%2C%20hot%20rolling%20is
[Accessed 24 1 2024].
Ikumapayi, O. A. E. O. P. a. A. O., 2020. Rolling operation in metal forming: Process and principles – A brief study. Materials Today: Proceedings, Volume 26, pp. 1644-1649.
mirkhanlou, S. R. M. N. B. a. T. M., 2011. High-strength and highly-uniform composites produced by compocasting and cold rolling processes. Materials & Design, 32(4), pp. 2085-2090.
Phillips, D., 2016. Welding engineering : an introduction. Chichester: John Wiley & Sons, Ltd., Cop.
Rao, T., 2007. Metal Casting: Principles And Practice.. s.l.:New age international .
Rathi, M. a. J. N., 2014. An Overview of Forging Processes with Their Defects. International Journal of Scientific and Research Publications, 4(6).
Ray, S., 2015. In: Principles and Applications of Metal Rolling. india : Cambridge University Press, pp. 1 - 30.
Raza, M. W. A. S. M. a. H. S., 2020. nvestigating the effects of gating design on mechanical properties of aluminum alloy in sand casting process.. Journal of King Saud University - Engineering Sciences, 33(3).
Regazzi, D. C. S. C. S. F. S. P. A. a. B. S., 2020. Improving fatigue resistance of railway axles by cold rolling: Process optimisation and new experimental evidences. International Journal of Fatigue, Volume 137, p. 105603.
Roberts, W., 2017. In: Cold Rolling of Steel. 1st ed. s.l.:Routledge, pp. Chapter 12 Page 717 - 776.
S. TAGASHIRA, K. S. T. F. T. M., 2000. Deformation Microstructure and Tensile Strength of Cold Rolled Pearlitic Steel Sheets. ISIJ International , Volume 40, pp. 1149 - 1155.
Singh Sidhu, G. a. C. S., 2008. ROLE OF SHIELDED METAL ARC WELDING CONSUMABLES ON PIPE WELD JOINT.. nternational Journal of Emerging Technology and Advanced Engineering, 9001(12).
Singh, R., 2021. Arc Welding Processes Handbook. 1st Edition ed. s.l.:John Wiley & Sons.
Wusatowski, Z., 2013. Fundamentals of Rolling. 1st ed. s.l.:Elsevier.
Yousaf, F. a. B. D., 2014. Reduction in Repair rate of Welding Processes by Determination & Controlling of Critical KPIVs. International Journal of Production Management and Engineering, 2(1), p. 23.

image1.png
M—i.— 5 )
N ==
o)

Direction of revolution
of rolls

L= % @

Direction of tube blapk travel

Yo diectin of reling
Girection of revolution

of ralls

Fig. 1.1. Principal methods of rolling: (a) longitudinal rolling, (b) transverse rolling,
() and (d) skew rolling




image2.gif
NO.1 HSM

NO.2 HSM

YALAYOUT-E.PPT

FLATTENER

. I & o I
* rd T wopmTIon
RIS GATGE
convevor
iy HGSL
y LEvELER
el o ® ol ._!&.4,_
. o st 22
mewscTon
FLATTER R amL L CRIESS GATSE  Bomeron
LGSL
eSS cATGE
o]l lo o ! o
(o] 1000 ¢ ¢ 5
P NSPECTION TABLE
TEMPER. ML NO.1 TNRL
mcaEss cauGE
: sl Lo ] ®
s T o0
sTRaETEY ' | “emcmion tame ©
TROm ML NO.2 TNRL
RasE A,
TENsION LEVELLER @ oz
U s 3l Is
) @]
“ BICKLING TANE
ELDER TEMPER MILL  [SPECTION TABLE
POL
@ rmcmss g
. ¥ ] s o
o e T g
S TRAGHTENER, d wermemon ez ©
Topm ML
NO3 TNRL

THICENESS GAUGE

L1 BT} o] U o

! o

a8_ser L]
 raCH TR
TEMPER ML

T
i INSPECTION TAELE
NO.4TNRL

£
£
£

HR SHEET

e,

3
3
8

3
3
8

A

=

@
&

Z
6

=

3
3
8

3

3
3
8

<




image3.png
Downsprue ——|

___Pouring

ladie

~— Molten metal

 Sprue and runner
(to be trimmed)

Solid casting

m

L (sand)

@




image4.png
-+ Retum Sand | | New Sand| | Binders Additive Patterns. Metallics. Fuel / Power
S .
1 [E= =
=
‘Conditioning Backing Sand.
Plant Muller
camsend | [ oy (tosing ouringe—y—{ Tades ]
Used Sand Knock Out EM
=
=
v
=
i

Fig.1.1 Flow Chart for Major Foundary Activities
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