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Abstract

This paper developed a simple but accurate automation tool for quick design of gating and riser systems
for green sand iron castings. Codes for calculation of gating elements’ parameters were generated in
MATLAB from standard fluid mechanics and empirical formulae. Guided Users’ Interfaces (GUIs) were
developed to guide the users in the use of the tool. The package was validated with shop floor trials using
the tool developed to generate and design gating and riser systems for some grey iron components. These
components were moulded in green sand, cast and evaluated using visual inspection, bulk density and
apparent porosity measurement and ultrasonic flaw detection methods. The results of evaluation revealed
castings free from any form of gating related defects.
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1 Introduction

The demand for different cast components increases daily as a result of increase in their applications in
various fields such as automobiles, machine tool structures, tractors, acronautics, atomic energy, defense,
and many others. Casting is a very economical process of producing parts and to obtain complicated shapes
with little or no machining [1]. This increasing demand for castings poses challenges in term of stringent
requirements for quality, for which new technology and methods have to be developed. A more efficient and
error free method is needed to increase the production rate and keep material wastage and unproductive
efforts at minimum [2].

In the production of defect-free castings, the importance of rigging (gates and risers) system design, channels
through which molten metal flows into and fill the mould cavity [3], cannot be overemphasized. It was
established that the formation of various casting defects could be directly related to fluid flow phenomena
involved in the stage of mould filling [4,5,6,7,8,9,10,11]. There are various known standard methods for
designing good gates and risers but the difficulties are in the time spent on calculations of appropriate gating
and riser elements. A survey of American Foundries Association conducted in 1996 revealed that nearly
70% of the time between confirmation of order and the production of a good casting sample is consumed by
pattern development (including gating and risering system), methodology approval and casting trials [11] In
the developing countries, the practice of jobbing foundries is prevalent [12] and this requires a lot of
different gating system calculations as there are different castings that have to be produced in small
quantities daily. This makes the job of design engineers strenuous and prone to errors. Therefore, there is the
need to evolve a working tool to perform the rigging design job faster for more accurate output.

Some remarkable attempts have been made towards automating the design of rigging (gates and risers)
system design in die casting processes with only very few for sand casting process. Among the few ones for
sand casting process include the EASYCAST [13], computer based simulation for the design of gates and
risers [14]. Other well established but expensive packages such as SOLIDcast, CastDesigner, Novocast
etc are all software packages that are effectively useful in production foundries for grey iron, ductile iron,
etc. in green sand, investment casting and permanent mould but they are rather very expensive for foundry
jobbers.

As a result, this work developed a simple simulation tool to perform the job of gating calculations. This
paper give the step by step process for determination of gating system parameters from some designed
Guided Users Interfaces (GUIs) prepared in MATLAB for a greensand system for production of grey iron
castings. In the work, the various gating system parameters were calculated using theoretical concepts and
casting rules, which basically are fluid mechanics and empirical rules. The interest on sand casting is borne
on certain advantages it has over other casting processes. Among these advantages are that almost any metal
can be cast, no limit on size and shape, low equipment cost and very economical for low volume production
[15].

2 Materials and Methods

The equipments used for this work were oil-fired crucible furnace, spring balance, lathe machine and
Sonatest ultrasonic testing machine Model 250S. The materials used were grey iron scraps, ferrosilicon,
carburizer, silica sand, clay, wooden moulding boxes, and wood for the pattern makings.

In this work, the major experimental procedure includes generation of computer codes (using MATLAB) to
perform gating and riser systems calculations from empirical rules and general fluid mechanics, designing of
Guided User Interfaces (GUIs), and validation of the codes and GUIs through pattern making, designing and
making of gating and risers elements (Fig. 1), moulding and casting of components in greensand and
evaluation of the cast components.
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Fig. 1. Elements of a gating system (Rao, 2001)

2.1 Generation of codes

Here the standard and accepted empirical formulae and fluid mechanics rules for calculating gating systems
were coded in MATLAB. Some of the formulae and rules used are as presented in Equation (2.1) to
Equation (2.9).

2.1.1 Determination of pouring time, 7.

The pouring time depends on the casting materials, complexity of the casting, section thickness and casting
size. It is determined by using some standard methods of calculating the pouring time for different sizes of
cast iron [16] as reported by [17,18] thus:

(a) Mass less than 450 kg (i.e. W <450 kg)

T
t=kl 141+ W 2.1
( 14.59) @D

(b) For W= 450 kg

t=k(1.236+ T j%/W 2.2)

16.65

where k is the fluidity constant which depend on metal composition factor, pouring temperature, metal
viscosity, and rate of heat transfer.

T = average section thickness of the casting in mm
¢t = pouring time in seconds
W= poured weight which is the casting weight plus the weight of gating elements including risers in kg
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2.1.2 Calculating choke area

This is the main control area which regulates the metal flow into the mould cavity so that the mould is
completely filled within the calculated pouring time. This is at the bottom of the sprue in a non pressurized
gate while it is located at the tip of the ingates in a pressurized gating system [19]. The choke area, A, can be
calculated using Bernoulli’s equation as

w
A =—— (2:3)
ptCA2gH

where
A, = Choke area, mm®
p = Mass density of molten metal, kg/mm3. For grey cast iron, p=6.09 x 10°, kgmm'3 [20]
g = acceleration due to gravity (9810 mms’z)
H = effective metal head (sprue height), mm

C = Efficiency factor which is a function of the gating system used (between 0.7 to 0.9)

2.1.3 Determining other dimensions of the sprue

The sprues were tapered down to take into account the gain in velocity of the metal as it flows down
reducing the air aspiration [1]. The exact tapering was obtained by Bernoulli’s continuity expression
(Equation 2.4). Denoting the top and choke sections of the sprue by subscripts ¢ and ¢ respectively, then

[h
A =4 |-+ 2.4
=\, 24)

A, = Top cross sectional area of the sprue

where

A, = Choke area of the sprue
h, = Height of the sprue
h.= Height of the sprue

2.1.4 Determining dimensions for other gating elements

2.1.4.1 Pouring basin

Experience shows that the pouring basin depth of 2.5 times the sprue entrance diameter is enough for smooth
metal flow and to prevent vortex formation. This value was used to design the pouring basin [17].

2.1.4.2 Sprue base well

The sprue base well area of five times that of the sprue choke area and the well depth of approximately equal
to that of the runner [1,21]. For a narrow and deep runner the well diameter should be 2.5 times the width of
the runner in a two-runner system and twice its width in a one-runner system [17].
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2.1.5 The choice/determination of gating ratio

This is the ratio of the area of flow at three different points of the gating system: the sprue (the vertical pipe
where the metal initially runs down); the runner (the horizontal passages through which the metal runs to be
delivered to the gates); and the gates (the passages through which the metal actually enters the mould
cavity). This is usually expressed in the form of whole numbers, giving the ratio of the cross-sectional area
at each of these points as Sprue : Runner : Gate [22]. The experimented values of ratios for foundry metals
have been documented for use [17].

2.1.6 The runner design

Runners are the passages that carry the molten metal from the sprue well to the gates through which the
molten metal enters the mould cavity. It has been reported that in the design of runners: the increase in cross-
section area of runners from the choke area decreases the velocity of the molten metal in the runner thereby
reducing turbulence and helping the dross to float or sink in the runner [3], rectangular cross-section area is
preferred in sand casing, and the runner’s area is three to ten times the cross-section area of sprue exit [22]
depending on the type of alloy.

2.1.7 The ingate design

The ingate is a weir with no reduction in cross section of the stream at the gate [1,23]. The rate of flow of
molten metal through the gates depends on the free height of the metal in the runner and the gate area and
the velocity with which metal is flowing in the runner. The ingates were made wider compared to depth (up
to a ratio of 4:1) to facilitate the severing of gating from the casting after solidification. It may sometimes be
preferable to reduce the actual connection between the ingate and the casting by means of a neck-down,
wash burn or dry sand core so that the removal of the gating is simplified. To ensure the effectiveness of
gating systems, the appropriate placement of the ingates is important.

2.1.8 Riser design by modulus method

Risers, are very crucial to the production of quality casting. The most efficient shape a riser can assume is
that which will lose a minimum of heat and thereby keep the metal in a molten state as long as possible. This
condition can be met when the riser is spherical in shape so that its surface area is a minimum [1,17,18].
For the same volume, the next best shape is a cylinder, and then a square. As it is difficult in practice to
mould a spherical riser, a cylinder is the best to employ for the general run of castings. As regards the height
of the riser, it was made tall enough to ensure that any pipe formed in it does not penetrate into casting. The
ratio of height to diameter usually varies from 1:1 to 1.5:1. The most used method for finding riser size is the
‘modulus method’. The method is extensively documented by [24]. It was empirically established that if the
modulus of the riser, M, exceeds the modulus of the casting, M, by a factor of 1.2, the feeding during
solidification would be satisfactory [17].

M, = 1.2M, (2.5)
The modulus is the inverse of the cooling characteristic (surface area / volume) as defined earlier. In steel

castings, it is generally preferable to choose a riser with a height to diameter ratio of 1 while other metals
may go to a ratio of 1.5 on the maximum.

Volume = ﬂf (2.6)

where D = diameter of the riser
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The bottom end of the riser is in contact with the casting and does not contribute to the calculation of surface
area.

2
Surface area = % + 7D*? 2.7)

The modulus of such a cylindrical riser, M, would be

M, =0.2D, (2.8)
Since M,=12M.,

D.=6M, 2.9)

where M, = Modulus of the casting
2.2 Validation and evaluation of the developed package

Each of the patterns was moulded with different placement (top, parting line and bottom gating) of gating
systems in green sand moulding. Charge calculation was made for the grey cast iron. Thereafter, the iron
charge was melted in crucible melting furnace, poured into already prepared sand moulds and cast to
respective plates, gear blanks and rod of the earlier indicated dimensions. They were allowed to solidify and
cool in the sand to the ambient temperature, shook-out of the sand and fettled. After proper cleaning, the cast
components were visually inspected for the presence of casting defects such as cold shut (misrun, cold lap),
hot tears, slag holes, blowholes, shrinkage, pin holes and ceroxides which are visually obvious and
observable using hand held lens. Each of the cast components was lightly skinned by machining off about 2
mm all around it for better dimensional measurement, weighed using a sensitive spring balance and the
weight, w, read and recorded. The sample was then lowered inside water of density D, and its weight, w
noted and recorded which according to Achimedes Principle equals to the weight of water displaced.
Precaution was taken to ensure that the sample did not rest on the side or bottom of the can while weighing.
Finally, the soaked metal was gently removed from the water and while suspending in air, the weight, w,. was
noted and recorded. The bulk density, D, and apparent porosity, P, of each cast component were then
evaluated using Equation (2.10) and Equation (2.11) respectively

*D

Db = VV; ~ (2.10)
W,

f’a :M (2.11)
W.=W,

where W, > Wy, and W, > W,

The results obtained were then compared with the ASTM (American Standards for Testing Metals) Standard
of grey cast iron. In this research the density of water used was taken as 1 gem™ (i.e. 1000 kgm™). To ensure
the internal integrity of the casting, an electronic oscillator, Model 250S was used to send out alternating
current to piezoelectric transducer that converted the electric energy to acoustic energy of same frequency
4.0 MHz used in this study. Having calibrated the machine with the standard samples V1 and V2 blocks in
succession, the acoustic energy was sent to the skinned (lightly machined) cast sample using light grease as
couplant to ease the probe movement by reducing the friction between the probe and workpiece. The
movements of the acoustic waves (transmitted and returning) were displayed on the cathode ray oscillograph
(CRO) screen and captured using a digital camera. This exercise was with a view to establish the presence of
internal defects in the castings.
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3 Results and Discussion

3.1 Guided users interfaces

3.1.1 Initializing window

The initializing window (Fig. 2 Step 1) prompts the user to decide whether to start the computation from
volume of the casting or the weight of the casting. This depends on which information is readily available.
Other information required here includes casting length, chemistry (carbon percent, silicon percent and
phosphorus percent) of the target iron, the expected yield of the casting and its effective section thickness.
Once these are entered in the appropriate boxes, the outputs (including the poured weight, pouring
temperature, fluidity, pouring time and rate) will be displayed at the torch of the respective push button. If
information is wrongly entered it can be selectively corrected or the whole window can be reset by the reset
push button.

) cast_iron_gui - O
!
. —Auto Casting System for Cast ron i
i Step 20 Sprue Outputs
Step 1: Poured Weight and Pouting Tirme Sprue Tapering— — Gating {
‘gight o Valuwe 7 OutpLts O Circutar Otop Sprue Effect. Height mm
P:" Wweight () Volume Poured Weight ey O Square () Parting Sprue Choke Area sq. mim

Pouring Temperature Celscius (_) Bottom Sprue Top Arza 0. mm
[ Casting wWeight kg Fluiclty — Base Well Area =0, Mt

Casting "ol b, Base Well Diameter mim
it B Pouring Time SEE Total Sprue Height mm
[ Choke Diameter mim
k| Casting Length i Pouring Rate kors
| Height in Cope it Top Diameter T

[t R & Choke Length mir
| Height in Drag it

1 Section Thickness i Top Length mm
d

Resst .
% GBS %P Basin Head i Draw Sprue Resst

Step 3: Ingate and Pouring Basin Step 4. Runner |

Outputs Sl
Nurmiber of Ingates: Number of Runners
[ Basin Depth mim M 8. mm
Aszpect Ratio (H: W) Q. mm :
| Aspect Ratio (H:
. Ingate Area P kv Runner Height i

: Ingate Height i
| Gating Ratio (5:R: 1) Runner Wicth mn
Ingate Width L

Draw Basin Draw Runner
Reset
Draw Ingate 1=k Draw Base Wl Resat

Fig. 2. GUI for cast iron

3.1.2 Sprue window

The sprue window (Fig. 2 Step 2) is the menu where the user decides between using a round tapered sprue or
square tapered sprue. Here other information to be entered by the user includes expected height of the
casting in the cope and the drag, total sprue height and basin head. The outputs from the menu include the
following: effective sprue height, sprue choke area, sprue top area, base well area, base well diameter, sprue
choke diameter, sprue top diameter and if square sprue is chosen choke length and top length are obtained
instead of choke and top diameters respectively. This menu will also give a 3-D view of the sprue by
clicking on the ‘Draw Sprue’ press button. The menu equally has reset button to correct any wrongly entered
value(s).



Shittu et al.; JAMCS, 27(6): 1-15, 2018, Article no.JAMCS.28497

3.1.3 Ingate and pouring basin window

Fig. 2 Step 3 is the ‘Ingate and Pouring Basin’ window by which the user specifies the number of ingates
(inner gates) to be used and selects the ‘aspect ratio’ (the ratio of the height to width) of the gates. The gating
ratio, is the ratio of the cross sectional area of the choke to sectional area of the runner to sectional area of
the ingates, that is, Acpoke’ Aumner” Aingare- The outputs here include ingate cross sectional area, ingate height,
ingate width and basin depth. It also can draw the 3-D views of the basin and the ingate by pressing the
‘Draw Basin’ button and ‘Draw Ingate’ button respectively. It equally has button to reset any wrongly
entered data.

3.1.4 Runner and base well window

The Runner and base well window (Fig. 2 Step 4) prompts the user to indicate the number of runner to be
used (single or double runner i.e. 1 or 2). The other information required in this step is the ‘aspect ratio’ of
the runner. The outputs of the menu include runner area, runner height and runner width.

3.2 Validation

Fig. 3 gives a validation GUI used to process a cast iron plate size 150 x 50 x 20 mm. Fig. 4 represents the
riser GUI which prompts the user to enter the thickness of casting and the aspect ratio of the riser and the
desired output include casting modulus, riser modulus, riser height and riser diameter. The gating system
elements (sprue, sprue base well, runner and innergates (ingates)) for the plate are as presented in Figs. 5 — 9.
Fig. 10 also gives the 3-D diagram of the riser generated by the program. Fig. 11 gives the respective as-cast
grey iron components with their gating system still uncut while Fig. 12 depicts the fettled and machined
components. Figs. 13 and 14 give the ultrasonic test results on the iron plate and double gear respectively.
Table 1 gives the results of the bulk densities and apparent porosities of the components.

)] cast_iron_gui =i A
— Auto Casting System for Cast Iron ‘
Step 20 Sprue
. o ) Outputs |
Step 1: Poured YWeight and Pouring Time — Sprue Tapeting— — Gating |
Sprue Effect. Height mm
Wieight or Yolume ? Outputs S OiTop prue Effect. Heig 200
P.} Weight @ Volume Poured Weight 16615 kg Square (®) Parting Sprue Choke Area | | 630619 0. mim
Pouring Temperature 1340 Celscius A Shettom Spraefopiien 141.0108 e
. Base Well Area 315.3095 Sq. mim
i s i Fluidity 65.8178 it e et ] i
Base Well Diameter | 20,0366 g
Casting Volume | q5ggpp | cub. mm Pouring Time 24279 sec Tetal Sprue Height 200 mm
Chake Diameter 5.9608 i
Casting Length 150 mm Pouring Rate 0.68434 ks
Height in Cope o Ltk Top Diametar 13,3993 mm
il 65 % Chake Length mm
Height in Drag 20 mm
Section Thickness | 20 mm Top Length i}
Reset
% C:%Si: %P [34:24:0) Basin Head 50 e Draw Sprus Reset
Step 3 Ingate and Pouring Basin Step 4 Runner
Cuiputs Outputs
Hianbes otljotes 4 Number of Runners 5
Basin Depth 334982 mm Runner Area 1261233 501, it
Aspect Rtio (H: ) 12 530619 SRR
I #spect Ratio (H:
el fice sect el (H ¥ 4 Runner Height 794115 mi
i Ingate Height 561524 Lot
Gating Ratio (S:R: D 1:4:4 Runner Width 158823 mm
Ingate Width 112305 mm
Draw Basin Draw Runner
Draw Ingate eest Draw Base Wel Resst

Fig. 3. Validation for grey cast iron plate



Shittu et al.; JAMCS, 27(6): 1-15, 2018, Article no.JAMCS.28497

B Riser o] & ==

-Risering System

— Shap
—Aspect Ratio
@ Plate .
J Fok |
Plate Thickness 20 mm -
@) Disc B2:3
Disc Thickness mm
@1:2
() Long Bar
Bar Length | i Bar Breadth e @1:3
1:4
() Cylinder
Dismeter mm Heigght | mm
Outputs
) Cube
Length | s Casting Modulus 10 mm
Riser Modulus 12 mm
() Sphere
Diameter mm Riser Height | o8 him
() Annulus Riser Diameter 54 e
Thickness ] mm Height mm
Draw Riser ] Reset
() Other

Casting Yolume | cub.mm  Casting Ares 0. mm

Fig. 4. Sprue menu

200,

180,

160,

140,

120

100,

80,

60,

40,

20,

Fig. 5. 3-D Round tapered sprue Fig. 6. 3-D Pouring basin/cup
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Fig. 7. 3-D Ingate/Inner gate

Fig. 8. 3-D The runner bar

From Table 1, the average bulk density and average apparent porosity of the grey iron castings were 7.2
gem™ and 0.76% respectively which are in agreement with the ones for grey cast iron from the literature
[25]. From Figs. 13 and 14, the pulses from different location on the length of the castings are reflected from
the lower surface of the test samples. In a satisfactory metallic material, the pulse passes from the probe
unimpeded through the metal and be reflected from the lower inside surface back to the probe, then acting as
receiver. Both transmitted pulse and echo are recorded on the CRT (cathode-ray tube), and the distance, d,
between peaks is proportional to the thickness,7, of the test piece [25,26,27,28]. Any discontinuity such as

10
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blowhole, then the pulse would be interrupted and the echo returns to the receiver in a shorter time an
intermediate peak appears on the CRT trace. Based on these assertions and the behavior of the patterns of the
peaks of the samples on the CRT at the velocities and frequencies employed, it is clear that the castings are
devoid of any gating related defects and therefore are of good quality and likely will have better mechanical
properties [29,30,31]. The development of this software is to semi automate the work of the foundry method
engineer and it made use of simple and established fluid flow and empirical equations with interface and no
need to memorize any commands whereas most of the existing software, though they are integrated, were
made from complex formula that cannot be easily explained by the developers. From the time of inputting
the necessary information to the point of displaying results, the time spent using the developed tool was
approximately 5 minutes (300 seconds) whereas performing the same operation by manual calculation takes
about 2 hours (7200 seconds). The package developed is considered to be very easy to use by both technical
and non-technical personnel because the GUIs are made to be very simple and very interactive whereas most
of the foreign packages are complex and requires expert foundry personnel to run.

Fig. 9. 3-D Sprue base well

40 40

Fig. 10. 3-D Riser design

11
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Fig. 13. Ultrasonic test result for plate

12
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Table 1. Bulk densities and apparent porosities of the grey iron castings

Fig. 14. Ultrasonic test result for Double Gear Blank

Plate Double gear blank Rod
W, (g) 888.00 765.00 771.00
W, () 766.00 660.00 664.00
W.(g) 890.00 766.00 771.50
Bulk Volume (cm™) 124.00 106.00 107.50
Bulk Density (gem™) 7.16 7.22 7.17
Apparent Porosity (%) 0.83 1.01 0.47

4 Conclusion

In conclusion, the developed package is capable of generating parameters for the gating and risering systems
from MATLAB codes and GUIs. The program uses fluid mechanics and empirical rules for sand casting
principles to determine gating system parameters for defect free iron castings. The system would go a long

way to reduce time spent by the methods engineer between designing and manufacturing and thereby

increase productivity an profitability of foundry jobbers.
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