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Feeder design and analysis by casting simulation software

Abstract
This paper presents an intelligent design environment to assist product engineers in assessing
a part design for castability. The software simulates the way casting engineers decide the
casting process, parting line, cores, mould box, feeders, gating system and mould layout, and
analyzes each decision to suggest how the design could be modified to improve quality as
well as reduce tooling and manufacturing costs. In this paper an attempt has been made to
simulate the casting process using Auto CAST software with the main aim of identifying the
proper feeder size required. Initially the feeder diameter was obtained by the theoretical
casting design calculation. Auto CAST software has in built feeder design module which can
suggest a suitable size of the feeder based on solid model of the geometry. Simulation carried
out with the feeder dimensions obtained using both the approaches were found to be
insufficient to shift the hot spot from casting to the feeder. Finally, a heuristic approach has
been implemented to obtain the suitable size of the feeder so that the casting should be free
from the hotspots.
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Introduction

Casting is a manufacturing process by which a liquid material is usually poured into a mould, which
contains a hollow cavity of the desired shape, and then allowed to solidify. The solidified part is also
known as a casting, which is ejected or broken out of the mould to complete the process. Metal
casting is probably the method of shaping metals. The art of foundry is as ancient as the dawn of the
civilization. Manufacturing of sound casting is the main aim for foundry men. To achieve this number
of trial casting has carried out on the shop floor and one repetition can take up a week or more, which
affects the regular production. Casting rejections are of a major concern in the foundry industry. Great
saving of materials, energy and time can be achieved, if casting design can be corrected prior to
moulding on the basis of defects prediction [1,2].Many researchers reported that about 90% of the
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defects in castings are due to wrong design of gating and risering system and only 10% due to
manufacturing problems. Casting defects result in increased unit cost and lower morale of shop floor
personnel. The defects need to be diagnosed correctly for appropriate remedial measures; otherwise
new defects may be introduced. Casting simulation process can able to overcome these problems. One
of the common defects which occur in casting is shrinkage porosity. It cannot be avoided but can be
controlled. As practice last solidifying are generally removed following the directional solidification.
These parts, which are removed, can be feeder and gating system. Hence it becomes necessary to find
their optimum shape and size so the casting should be free from the shrinkage defects. Applying the
conventional iterative approach of carrying out casting trials is time consuming and expensive
whereas simulation based approach is most effective in this scenario.

2

Literature Review

There were lot of research work had been done on casting simulation by using different casting
simulation software. Prabhakara Rao et. al. [3] carried out the simulation of mould filling. It also
improves yield of the casting, optimize the gating system design and the mould filling. Ravi B. et. al.
[4] worked on computer-aided casting design and simulation. This paper describes a much better and
faster insight for optimizing the feeder and gating design of castings. Rabindra Beheraet. al. [5] has
suggested that the application of computer aided methoding, and casting simulation in foundries can
minimize the bottlenecks and non-value added time in casting development, as it reduces the number
of trial casting required on the shop floor. Sham asunder et al [6] has discussed the steps which is
involved in simulation the possible sources of errors and care to be taken during the casting process
simulation. According to him the designer needs to have full confidence in the casting simulation tool.
This can come only by experience and usage of the tool to mimic effect of various process
parameters. With the advances in technology and proper care in modelling, it is possible to simulate
the defects generated during casting before the casting is practically produced. They presented
different case studies using ADSTEFAN software. Mariaet al [7] have observed that the application of
casting simulation has been most beneficial for avoiding shrinkage scrap, improving cast metal yield,
optimize the gating system design, optimizing mould filling, and finding the thermal fatigue life in
permanent moulds. Ravi and Srinivasan [8] developed a novel method of arriving at hot spots and
simulating feeding paths in three dimensional models of castings based on determining the direction
of the largest thermal gradient at any point inside the casting. B.Ravi et.al. [9] studied on 3D Junctions
in Castings: Simulation based DFM Analysis and Guidelines. They have also studied on defect like
shrinkage porosity at casting of 3D junctions such as L/V, T/Y and X/K. Authors were predicted the
location of shrinkage porosity by casting solidification simulation, and corrected by minor
modification to part design. Authors were investigates the best values and ratios of junction
parameters by using casting simulation software like Auto CAST.Here an attempt has been made to
solve the shrinkage defects occurring in a component using AutoCAST-X software.

3

Methodology

In this paper an attempt has been made to simulate the casting process using Auto CAST software
with the main aim of identifying the proper feeder size required. Initially the feeder diameter was
obtained by the theoretical casting design calculation. Auto CAST software has in built feeder design
module which can suggest a suitable size of the feeder based on solid model of the geometry.
Simulation has been carried out with the feeder dimensions obtained using both the approaches were
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found to be insufficient to shift the hot spot from casting to the feeder. Finally, a heuristic approach
has been implemented to obtain the suitable size of the feeder so that the casting should be free from
the hotspots. In simulation study, casting material used as LM6 and mould material is taken as silica
sand as per the foundry requirement. Design calculations first starts with calculation for pattern
allowances followed by gating system and finally design for feeder. Wood pattern with allowances for
bearing block is shown in Fig.1.

Fig.1.Wood pattern with allowances for bearing block

The design for gating system consists of various elements like pouring basin, sprue, and sprue base
well, runner and ingates. Finally the design calculations for feeder have been carried out using Caines
method. The part shown in fig.1.has Volume of casting, Vc= 210500 mm3, Surface area of casting,
SAc = 31000 mm2and Casting modulus,Mc=6.79 mm. Design dimensions obtained for gating system
and feeder has been mentioned in table 1.
Table 1: Design parameters and calculated values.

Sr.No.

Design Part

Values

1.

Mass of Casting (in kg)

0.57

2.

Pouring Time(in seconds)

6

3.

diameter of Sprue at Top, Bottom and Sprue Length(in mm)

14.19,40

4.

Sprue well: diameter and Height (in mm)

28.30

5.

Runner Dimensions: Width, Height and length(mm)

10,20,85

6.

Ingates dimensions : : Width, Height and length(mm)

8,16,40

7.

Riser dimensions based on Caine’s method: diameter of Riser at Top, Bottom
&Height(mm)

48,45,55

8.

Neck: Diameter and Height (mm)

37,35

9.

Pouring Basin: diameter at Top, Bottom and Height (in mm)

60,40,20
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4

Casting method and simulation using Auto CAST software

The main inputs to the casting method and simulation program include:
(1) CAD model of the cast part in standard .STL format,
(2) Cast metal or alloy name, and
(3) Type of casting process.
The method involves three major decisions:
(1) Orientation and parting line,
(2) Core print design,
(3) Feeder design, and
(4) Gating design quality, in terms of shrinkage porosity.
4.1. Part and mould box
Here Initially part model of bearing block has been created in the CAD software and save it as a
standard .stl file for importing in AutoCAST X casting methoding and simulation software. The
mould box dimensions have been taken as 200x250x120 as shown in fig.2. The entire mould
containing the casting is automatically subdivided into cubic elements for internal computations such
as thickness, solidification and mould filling.

Figure 2. Mould Box Size

Part process compatibility has been checked using the optimize function. Here three parameters are
checked for part-process compatibility viz. part weight, part size and minimum thickness as shown in
Fig. 3.
Compatibility index = Σi importance of parameter i x compatibility of parameter i = 82.5 %.
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Figure 3: Part-process compatibility evaluation

Part Orientation decide the parting surface and parting line, the orientation of part in mould like that it
should minimize the complexity of parting line means parting line must be flat because it is easy to
manufacturing tooling of cast part having flat parting line.

Figure 4.Parting plane and Moldability index

The parting line is created using the volumetric mesh elements. Parting direction is selected as
horizontal. Depending on the part orientation in mould flat parting line is selected. Moldability index
is 100%which computed on the basis of metal to volume ratio and number of mould element as shown
in fig.4.
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4.2

Feeder Design

Feeding system design is one of the most important features of designing a casting process. Since
molten metal shrinks in volume during solidification in the mould cavity (due to difference in density
of the liquid and solid of metal), a portion of fresh molten metal should be fed to make up for the
shrinkage. However, since the fresh molten metal cannot be fed to an isolated non-solidified metal
which is completely surrounded by solidified metal, porosity defects such as a cavity and other void
regions are formed. The cavity thus formed is called a shrinkage cavity which is one of the most
serious and common casting defects. The function of a feeder is to set up thermal gradients for
controlled progressive directional solidification, with shrinkage occurring in the feeder region, in
order to design the feeder it is essential to determine the location of hot spot in the casting. Hot spot is
a local temperature maxima, which effectively feeds adjacent regions in the casting. Hot spot must be
inside the feeder to ensure defect free casting [1].
Fig.5. Shows the last solidifying regions in the casting and displays only the hottest regions. This is
done by clicking on the Hot Spot button to compute the last solidifying region. The feed module
enables designing and optimizing the feeders and feed aids to obtain the desired quality with high
yield. Casting solidification is simulated and the results are shown as cooling animation, feed metal
paths, and shrinkage porosity distribution. The feeder design can be automatically optimized, driven
by user constraints. Here, the last solidifying region of the casting or hotspots in casting has been
identified as shown in Fig. 5(a). Green colored dot in the Fig.5 (b) indicates the location of the feeder.

Figure .5 a. Feeder region or hot spots in casting

Figure 5 b. Location of feeder

Feeders have been located closest to main hotspots to allow feed metal transfer during volumetric
contraction that accompanies solidification shrinkage. The feeder according to the design dimensions
has been placed exactly on the top of the hotspot as shown in Fig.6.Auto CAST software has in built
feeder design module which can suggest a suitable size of the feeder based on solid model of the
geometry.
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Hence, first simulation carried out with the feeder dimensions obtained using the software
approaches. The feeder with diameter equal to 37.43mm and height equal to 55 mm has been model
and attached to the casting as shown in Fig.6. It was found to be insufficient to shift the hot spot from
casting to the feeder is shown in Fig.6. Further attempt has been made by making the use of feeding
aids as exothermic sleeve. But still it has not shown the satisfactory result as shown in Fig.7.

Figure 6.: Feeder diameter as per software 37.43 mm

Figure 7. Feeder with sleeve and hotspots

Second simulation trial has been conducted as per theoretical design calculation of the casting. Feeder
has been design using Canies method. Here, the feeder with diameter equal to 48 mm and height equal
to 55 mm has been model and attached to the casting as shown in Fig.8.

Figure 8.feeder location on the hot spot

It was also found to be insufficient to shift the hot spot from casting to the feeder is shown in Fig. 9.
Further attempt has been made by making the use of feeding aids as exothermic sleeve. But still it has
also not shown satisfactory result as shown in Fig.10.
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Figure 9.feeder with 48 mm Dia.

Figure 10.Feeder with sleeve of 10 mm

It was concluded from the simulation trial that both the feeders were under sized. Next the size of the
feeder is obtained by heuristic approach which relies on experience-based techniques for feeder
design. Therefore simulation has been carried out for the various values from 48 mm onward until the
hotspot got completely into the feeder. The feeder with 74 mm diameter has provided the satisfactory
results. For this diameter of feeder it was observed from simulation that hotspots completely shifted
inside the feeder without needing any feeding aid as shown by Fig.11.

Figure 11. Shifted position of hotspot with 74 mm diameter

Two main results are produced in Solidification function as follow:
 Cooling Simulation: progressive solidification (casting surface to interior).
 Feed metal paths: directional solidification (thin to thicker regions)
This helps in verifying and optimizing the design of feeders which gives the good quality of casting
with high yield.
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Figure 12. Cooling simulation in 3D

Feed metal flows microscopically along the feed paths from regions that solidify later, to regions that
solidify earlier (along highest temperature gradients) to compensate the solidification shrinkage.
Ideally, feed paths should end inside a feeder as shown in the Fig.13.

Figure 13.Feed metal paths in a cross-section

4.3

Shrinkage Porosity

Shrinkage porosity was computed from the temperature and gradients using metal-specific process
characteristics. The shrinkage porosity is displayed as dots inside the casting red for macro and orange
for micro as shown in fig.14. The simulation gives the value of macro porosity and micro porosity as
6.34 cm3.
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Figure 14: .Shrinkage porosity

4.4

Feeding Optimization

The feeding design is evaluated in terms of feedability index. A composite weighted feed ability index
is computed. Here the feedability index is 100% and the quality, feeding yield, feeding efficiency
obtained from software were 99.82, 58.81 and 8.50 % respectively. In this paper an attempt has been
made to simulate the casting process using Auto CAST software with the main aim of identifying the
proper feeder size required. Initially the feeder diameter was obtained by the theoretical casting design
calculation. Auto CAST software has in built feeder design module which can suggest a suitable size
of the feeder based on solid model of the geometry. Simulation carried out with the feeder dimensions
obtained using both the approaches were found to be insufficient to shift the hot spot from casting to
the feeder. Finally, a heuristic approach has been implemented to obtain the suitable size of the feeder
so that the casting should be free from the hotspots.

5

Conclusion

In this study it was observed that Solidification simulation helps in locating shrinkage porosity
directly which minimizes the casting defects and ultimately gives good quality of casting with proper
size of the feeder. In this case we have observed that the design calculation carried out by Caine’s
method is not sufficient to shift the hotspot inside the feeder. Design calculation given by simulation
software itself also not help in shifting the hotspot inside the feeder. So by subsequent attempt with
simulation trial it has been observed that the 74mm diameter is adequate to shift the entire hotspot
from casting to feeder. Their comparative results for hotspot has been shown below
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Feeder size

Designed Feeder

Larger Feeder

Smaller Feeder

Quality

Feeder D=48mm
Feeder H=55mm
Neck D=37mm
Neck H=5mm
Small shrinkage

Feeder D=74mm
Feeder H=55mm
Neck D=60mm
Neck H=5mm
No shrinkage

Feeder D=37.43mm
Feeder H=55.28mm
Neck D=30.50mm
Neck H=4.68mm
Major shrinkage

Yield
Remark

62%
Unacceptable

58%
Acceptable

70%
Unacceptable

Simulation result
of feeder

Dimensions of
feeder

Here, design with larger feeder is recommended, since it the hot spot has been completely shifted into
the feeder, without the application any feeding aid (sleeve). This also indicates that the casting is free
from shrinkage defects. Finally it can be seen that the feeder dimensions obtained with the heuristic
approach are larger than the conventional design method as well as software based results. Table
shows that the feeder with diameter 74 mm has a comparatively lesser yield than the other two
approaches. It however provides the defect free casting. Hence, it is a better compromise as compared
to the other two approaches. In the heuristic approach, simulations with various dimensions of the
feeder have been carried out to obtain a defect free casting; which otherwise would have been highly
expensive if actual foundry trials would have been conducted. This emphasizes on the fact that the
simulation based practices are a need of the hour thereby saving a lot of money, material, time and
energy.
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