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This paper discusses the identification, mechanism and causes for the rough
surface defect on the sand castings. In foundries raw materials are
transformed into finished casting using many intermediate processes like
pattern making, moulding, core making, melting and fettling. It is very
difficult to control all these processes due to the involvement of lot of people
and materials. It is always a challenging task for the foundrymen to produce
quality castings with good surface finish consistently. Generally rough
surface on casting may occur due to a single cause or a combination of
causes. Hence, identification and finding the root causes for rough surface
defect are important to prevent its occurrence further. The possible causes for
rough surface defect involving the foundry tools and processes are presented
as cause and effect diagrams. The main outcome of this paper is to investigate

the significant factors causing this defect and to prevent it on the castings.

© 2020 Published by Faculty of Engineering

1. INTRODUCTION

Generally a lot of processes are used to produce moulds
and cores. Among these processes sand continues to be
the most widely used as a moulding medium. Moreover
seventy percent of the castings are produced by sand
moulding processes (Vijayaram et al., 2006). At the
beginning of the casting production, the foundrymen
carefully study the required specifications, mechanical
properties and the standards in which the testing are to
be done. Mariajayaprakash et al. (2013) applied the
Ishikawa diagram to identify the process parameters
affecting the quality characteristics of the shock
absorber during the process. The authors of this paper
reported that the Ishikawa diagram is used to identify
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the possible causes which affect the quality of the shock
absorber. Tegegne & Singh. (2013) have used Ishikawa
diagram to analyze and find the root cause of burn on
problem of the manganese-silicon alloy medium carbon
steel shaft. They discussed elaborately the major factors
causing the rough surface on the castings and finally
concluded that this defect can be controlled by choosing
an appropriate gating system, selecting the suitable
reclaimed sand and providing proper mould ramming.
Przystupa (2019) has discussed the various quality
assurance methods especially on the hazards and
potential product defects occurred in food processing.
The main focus of the paper is to find the solutions
related to automotive food processing industry. He
analyzed the different causes of the defects and hazards
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related to bakery industry. He used various methods like
decision tree, FMEA, Pareto chart, why why analysis
and Ishikawa diagram to identify and eliminate the
product defects emerging from the process. Among
these tools, he adopted Ishikawa diagram to find the
root cause among the various potential causes related to
product shape and presented in graphical form. These
quality control tools have used to develop a preventive
action plan for the selected group of specific causes
contributed the defect. Gartlehner et al. (2017) stated
that Ishikawa diagrams are used in health care to
analyze the causes related to patient safety and quality
management processes. They used Ishikawa diagram to
sum of their findings in the health care research. Further
they stated that Ishikawa diagram is an effective tool to
review systematically and present the results. They
compared the Ishikawa diagram with summary of
findings table which is used usually to present the
findings in tabular format. Finally, they concluded that
summary of findings tables have chosen by some of the
participants over fishbone diagrams who found difficult
to understand the Ishikawa diagram to answer their
survey. Slameto (2016) applied fishbone diagram for
the improvement of school quality. He used qualitative
data and quantitative data to study the educational
quality using fishbone diagram. He concluded that
fishbone diagram was simple to communicate and very
effective to improve school quality. Tegegne & Argu
(2014) developed two types of quality light weight bio-
based polymer matrix composite building material.
They used Ishikawa diagram for the quality analysis of
these materials.

Nowadays customers are expecting the foundries to
produce quality castings. Their demands includes
specified chemical composition, improved dimensional
accuracy with consistency, better mechanical properties,
free from internal as well as external defects and
improved surface finish (Stefanescu et al.1988).
However the foundrymen are not giving much
importance to the surface finish of the casting when
compared with other factors. Usually castings with
rough surface defect are not rejected, whereas safety
component castings which are subjected to dynamic
load only are rejected. (Bryant & Thiel, 2018)
emphasized that as cast surface finish is specifically
essential for the better appearance of the castings.
Moreover a better surface finish on the casting results in
saving in the shot blasting, grinding and fettling
operations. Above all, the foundry producing good
surface finish in castings is well recognized by the
customers. Above all, the foundry producing good
surface finish in castings is well recognized by the
customers. In this paper, identifying and finding root
causes for rough surface defect were discussed in detail.
Jain. (2003), Heine et al., (1996), Alagarsamy (2003),
Beeley (2001), Plaines (1966) and Senthilkumar (2009)
have focused the necessary remedial actions for casting
defects. Ishikawa (1982). Tegegne & Singh (2013),
Siekanski et al, (2003) have used Ishikawa diagram to
find the probable causes for the defect. Even though
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defects analysis were discussed in the existing literature,
correct identification, finding the root causes for the
rough surface using Ishikawa diagram with foundry
tools and processes to solve this defect have not been
addressed. The aim of this paper is to identify and
enhance knowledge on the influential factors causing
this defect with the help of Ishikawa diagram adopted
by Rao (2007), Gawdzinska (2011), Chokkalingam et
al. (2017) and Gwiazda (2006).as well as to eliminate it
on the castings.

2. COMMON SAND CASTING DEFECTS

The identification of the defect correctly in the casting
is the most difficult for the foundrymen due to the
involvement of lot of processes. Proper analysis, testing
and experience is essential to identify the root cause of
the defect correctly.More defects occur in the castings
due to the moulding and sand system among all the
departments in the foundry. Moreover, large numbers of
components are involved in the production of sand
moulds viz sand, clay, water and additives. Each of
these components has their own properties that control
the defect in the castings. However any one of these
component is not in the required range, with relevant to
the casting poured results in increase of the potential
cause for the defect. The common castings defects occur
due to sand are shown in figure 1.

2.1 lIdentification of rough surface

Rough surface casting defect occur in all the castings,
however this defect is significantly higher in the sand
castings. Imerys (2002) stated, generally rough surfaces
on the castings are easily visible to the eyes. The casting
surface is lacking its smoothness. The roughness on the
casting surface occurs either on the mould side or on the
core side. This defect occurred in various castings due
to moulds and cores are shown in figure 2 and figure 3
respectively. The castings produced with smooth as cast
surface is shown in figure 4.

2.2 Adhering sand defects

These defects are common to all alloys poured in green
sand and are easily identified by rough casting surface
or by adhering of sand particles on the casting surface.
These defects may occur especially at a specific location
on the casting viz hot spot besides over the complete
casting surface. The mechanisms of the formation of
this defect are mechanical penetration and chemical
reaction.

2.3 Metal penetration

Metal penetration is the most important factors affecting
the surface finish of grey cast iron castings. It is formed
when the molten metal entered into the voids present in
the mould and core further away from the mid surface
layer of the sand grains.


https://www.giessereilexikon.com/en/foundry-lexicon/Encyclopedia/show/casting-defect-4612/

Chokkalingam et al,, Proceedings on Engineering Sciences, Vol. 02, No. 4 (2020) 353-360, doi: 10.24874/PES0204.002
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Figure 4. Smooth as cast surface

Generally metal penetration occurs in the castings at hot
spots, heavy sections and the areas where wall thickness
varies from thin to heavy sections.Molten metal
penetrates into the voids in the sand moulds and cores
due to its metallostatic pressure. Generally metallostatic
pressure is higher when the sprue height is increased too
much. This larger sprue height exerts more pressure on
the liquid metal and forces it to penetrate especially into
the voids between the sand grains. Consequently the
liquid metal solidifies and as a result the sand particles

stick on the casting surface. In addition, metal
penetration occurs when the molten metal impinges on
the mould wall. The pressure of the molten metal forces
it to penetrate into the sand grain openings in the mould
as well as core. Usually this type of defect occurs at the
entrance of the ingate in the gating system. Moreover
metal penetration defect occur also due to high metal
enter into the sand openings in the moulds and cores. In
particular, the major factors that affect the metal
penetration are fineness of the sand and pouring
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temperature of the metal. Generally larger voids were
found when coarse sand was used for moulding and
core making. Lower pressure is enough for the molten
metal to enter into these large voids and creates rough
surface on the casting. When the pouring temperature of
the metal is too high, it loses its heat when it contacts
the mould surface. Subsequently a thin solid skin is
formed against the sand mould. This solid skin prevents
the molten metal from entering into the voids between
the sand grains. The skin formation is delayed when the
metal is poured at higher temperature. This additional
heat available in the molten metal diffuses into the sand
grains. The molten metal has enough time to enter into
the voids in the sand grains results rough surface on the
castings. This defect adheres the casting surface tightly
and extensive chipping and grinding is widely used to
remove it. The expansion penetration occurs due to the
metallurgical characteristics of the solidifying metals
and alloys also.

2.4 Chemical reaction

The reaction occurs between the liquid metal and mould
material also causes rough surface on the casting.
Products produced by these reactions act as glue and
moulding sand adhere to the casting. Usually this
reaction occurs in ferrous metals. This defect occur in
two forms viz burn on and burn in.

The major difference between these two forms is the
dense adherence of the sand on the casting surface. The
sand adhere to the casting due to burn on is not held
firmly and can be removed easily by fettling or shot
blasting. On the other hand burn in requires grinding to
remove it from the casting if it can be removed.

2.5 Mechanism of rough surface

This defect mainly occurs near the ingate areas of the
sand mould where the hot metal contacts the mould for
too long time. Moreover, it is mainly contributed by the
shape, size of the sand grains and its distribution.
Sometimes it is also found near the areas where the
compaction of the mould and core is poor.

3. MEASURING OF SURFACE FINISH

The as cast surface roughness is measured using AFS C-
9 micro finish comparator and is shown in the Fig.6.
Volker (2016) stated that cast micro finish comparator is
used qualitatively to measure casting surface. He
elaborately explained the casting surface measuring
technique and discussed the disadvantages of this
method like interpretation of the standard vary with
inspectors. The as cast surface roughness is measured
using AFS C-9 micro finish comparator and is shown in
the figure 5. The shape of the cast micro finish
comparator is rectangular and it is the replica of the
actual cast surfaces. The comparator comprises of nine
cast surface specimens in the range 20 to 900 microns.
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Figure 5. AFS C-9 Micro fiﬁish comparator

The cast micro finish comparator is kept at the side of
the work piece to be examined. Then the comparator is
moved along the casting and each surface finish of the
comparator is compared with the casting surface using
the tip of the finger. Finally, the as cast surface finish is
determined if the finishes are found same in the
comparator as well as in the rough casting.

4. CAUSES FOR THE ROUGH SURFACE

The initial step in the analysis of defect is to identify the
key possible variables that cause the defect [The cause
and effect diagram is an effective tool used to identify
the potential causes of the defect. Subsequently the root
cause of the defect can be found easily by careful
analysis of the potential causes. The potential causes of
the rough surface defect contributed by the foundry
tools, processes and systems are presented as cause and
effect diagrams as shown in the figure.6 and figure 7
respectively.

5. MOULD AND CORE RELATED
FACTORS

The moulds and cores are the major contributors
causing rough surface on the sand casting. The various
mould and core related factors contributing this defect
are discussed.

5.1 Mould and core

Rough surface is a major problem in the casting
production. The liquid metal penetrates into the low
density areas in the moulds as well as cores to form
rough surface on the casting. Even though sand
moulds/cores seems uniformly packed but in actual
there is uneven packing of sand grains with binder and
additives. The mould and core surface have wide range
of densities and the liquid metal contacts these surfaces.
Excessive penetration occurs in the lower density range
when compared with higher density range. The mould
surfaces made up of sand, binder and additives are of
lower cost when compared with surface quality of final
cast part which costs more. Foundries waste their major
time to clean the rough surface castings. Instead of
wasting time and resources to clean the rough surface
castings, it is better to identify the factors causing the
low density moulds earlier. Subsequently the necessary
remedial measures can be implemented to eliminate this
defect. Metal penetration is a common problem in
ferrous metal casting processes.
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Figure. 6. Causes for rough surface on the casting - tools/systems
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Figure. 7. Causes for rough surface on the casting- processes/systems

5.2 Recirculated sand a thin layer of clay (fusion point 1200°C) is coated on

the silica sand grains. Layers and layers of calcined clay
The recycled sands are less prone to expansion defects is built up over the sand grain due to oolitization.
as the quartz is stabilized. However, when sand is used Consequently, the fusion point is around 1150-1200°C..
repeatedly, coated clay layer on the sand grains gets Due to higher temperature of the molten metal, the sand
baked by calcination. The process of clay layer getting particles stick to the castings causing rough surface on
baked on to the sand particle is known as oolitizaion. the casting.

Fusion point of the silica (1759°C) is not affected when
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5.3 Mould and core coatings

The main application of mould and core castings is to
improve the surface finish of the castings. The chances
of penetration of metal into the voids between the sand
grains are increased especially when the surface of the
sand grains is wetted by the metal. These voids in the
rammed moulds cause rough surface on the casting.
Furthermore, the chemical reaction between the metal
and mould surface leads to adhere of sand particles with
the metal surface. Coating gives a fine grained
refractory layer between the metal and sand mould to
prevent metal penetration, sand fusion besides sand
erosion.

5.4 Ramming energy

Ramming improves as well as develops many of the
sand properties. The green hardness of the sand is
increased when the squeeze pressure is increased. A
better ramming sand should produce maximum green
hardness with lower squeeze pressure. Squeeze pressure
increases air set strength and dry compressive strength
significantly. If the sand rams easily and the mould face
will be free of false voids between the sand grains,
which gives a good surface finish on the castings.

5.5 Method of compaction

Generally the surface finish on the castings surface
depends on the method of compaction. When the sand
grains are packed tightly, uniform surface is produced
molten metal flows over this surface and the same
surface is reflected on the casting. Various methods can
be used to get mould compaction. They are jolting,
squeezing, blowing, combination of jolting and
squeezing. The compaction is very poor in the hand
moulding whereas blowing produces a smoother
surface. Moreover simultaneous jolt and squeeze
method produces a smoother and more compact mould
than blowing. However automatic high pressure
moulding machines produce smooth mould surface.

6. METAL RELATED FACTORS

Higher metal velocity generates more pressure and the
metal penetrates between the sand grains results rough
surface. Higher pouring temperature of metal causes
penetration of the metal in the voids between the sand
grains and spoil the surface of the casting. Surface finish
of a casting is related directly to casting section
thickness and the metal pressure. Especially the surface
finish is poor when the metal pressure increases. The
pressure produced by the liquid metal into the mould
cavity is transmitted equally in all directions besides
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perpendicular to the mould surfaces. Therefore it is
essential that the rammed moulding sand must resist
these pressures created by the liquid metal against the
mould. Moreover when the section size of the casting
increases, the contact time between the mould surface
and metal is also gets increased. This increased
exposure leads to rough surface on the castings. Metal
can penetrate into the mould wall easily when the
metallostatic head pressure is higher and it causes rough
surface on the casting. Hence the metal is poured at
lower metallostatic head to get good surface finish on
the casting.

7. PREVENTION OF THE DEFECTS

Generally trial and error method is used to identify and
control the casting defect. This method is not suitable to
discover the hidden cause of a defect. The initial step in
the defect prevention is to identify the defect based on
the appearance and shape. The second step is to find out
the reasons and root causes for the occurrence of the
defect by using quality control tools. Finally, casting
defects can be prevented by the use of standard
recommended procedures, by conducting review
meeting in the shop floor involving people concerned,
providing skill based training and knowledge based
training. Hence a systematic approach is required to
diagnose a casting defect and to find an appropriate
corrective as well as preventive action. By using quality
control tools and implementing the proper solution,
defect can be minimized quickly saving time and

money.

8. CONCLUSION

The correct identification of the casting defect in the
inspection stage is important for further analysis. Most
of the casting defects are occurring repeatedly due to
incomplete knowledge and wrong selection of the root
cause. Identification of the defect and determination of
possible causes are the first step in the defect analysis.
In this paper identification, mechanism and major
factors causing the rough surface on sand casting are
presented as cause and effect diagram. Subsequently the
root cause for this defect can be identified easily and
necessary remedial steps can be implemented to
eliminate this defect occurring on castings
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