
   DESIGN GUIDELINES 
The design of gating and risering, or rigging systems as they are sometimes 

referred to, has been a very important task in the manufacture of cast components. 

This paper presents a compilation of common rules of thumb used by foundry 

experts and guidelines suggested by researchers for better quality castings. The 

paper is divided into three sections: light alloy, steel and ductile iron castings. 

Each section presents heuristics commonly 

used for specific metals.  

 

INTRODUCTION 

Casting processes are widely used to produce metal parts in a very economical 

way, and to obtain complicated shapes with little or no machining. The 

manufacture of a part involves several steps, the first of which is the design of the 

part itself, and the specification of the material to be used. This information is 

passed to the methods engineer, who will choose the casting process, and then 

design the rigging system necessary to get the molten metal into all regions of the 

part so as to produce a sound casting. Two major considerations in the casting 

design are the quality of the final product and the yield of the casting, both of 

which heavily depend upon the rigging system used. 

A generic casting is illustrated in Fig. 1. The elements shown in the figure are 

actually cavities in the sand mold. The sand mold is enclosed in a flask that 

consists of two parts: the upper half, or cope and the lower half, or drag. The 

plane between the cope and the drag is called the parting plane. The parting plane 

is sometimes referred to as the parting line when the casting is viewed in two 

dimensions. 



The vertical passage through which the molten metal fills the casting is called the 

sprue or downsprue. The horizontal distribution channels in the parting plane are 

called the runners. The connections between the runners and the cavity of the part 

to be cast are called the gates or the ingates. Those extra parts of the casting that 

feed metal to the casting as it solidifies and shrinks are called the risers or feeders. 

Sometimes, metal pieces are used in the mold to speed up the solidification rate 

at certain locations. Those metal pieces are called chills. 

The design of the rigging system starts with the determination of the parting 

plane. Identification of the gate locations to allow uniform feeding of the casting 

is the next step. Having decided where the gates are located, an appropriate 

runner geometry is selected. The sprue location is determined so that it will be as 

far from the nearest gate as possible. Sizing of the elements of the rigging system 

is done using the geometry of the part and some common rules of thumb. 

Traditionally, these activities have been performed by methods engineers, based 

on their training and experience. It is not uncommon for several trial rigging 

designs to be required in producing a sound casting 

 

LIGHT CASTING ALLOYS 

 

As a general rule, the rigging system is designed to promote sequential 

solidification of the casting. Campbell2 points out that the filling of the mold is 

also important in preventing the entrapment of oxides and air in the casting. Since 

oxide formation is instantaneous in aluminum, the rigging system should be 

designed to minimize the entrance of oxides on the surface of the molten metal 

into the casting and also to prevent turbulence in the metal stream, as this would 

entrap the surface oxides in the stream and lead to further oxidation on the 

surface when fresh metal is exposed to the atmosphere. Turbulence in the metal 



flow may be caused by excessive velocity of the molten metal, free-falling of the 

stream while passing from one level to another, vortices formed, or abrupt 

changes in the flow direction. Sharp changes in the flow direction will form 

eddies at the corners, and these will cause aspiration of air and mold gases into 

the molten metal. The low density of aluminum makes riser design more difficult  

than for most other heavy metals. In addition, its low heat-releasedper- unit-

volume ratio and high conductivity makes the gating design a real problem in 

terms of sequential solidif ication requirements. The pouring cup should be kept 

full during pouring of the metal to prevent vortex formation in the sprue. A 

pouring basin can be used to ease the filling of the mold and also to minimize the 

possibility of air and oxide entrance into the mold cavity. The filling of the 

pouring basin should be done as far from the sprue as possible. The size of the 

basin can range from 3 in. to 4 ft (7.62–122 cm) in length, the latter being for 

sprues through which 800 lb of metal is poured.1 Skimmer cores, filters or delay 

screens can also be used in the pouring basin, to help provide cleaner metal into 

the mold.  

 
 

Part Orientation Rules (Alloy) 



Part orientation is usually the first decision that must be made in rigging design. 

Orientation of the part actually refers to the cavity in the mold in the shape of the 

part that is going to be cast. The rules are as follows:4,9 

1. Orient the part so that the large part of the casting is relatively low. 

2. Minimize the height of the casting. 

3. Place open spaces down. 

4. Place the casting such that top risers can be placed on high 

points on the casting for the heavy sections. 

Parting Plane Rules (Alloy) 

The plane that separates the cope (top) and the drag (bottom) parts of the mold is 

called the parting plane. In general, the runners, gates and sprue well are placed 

in the drag so that the parting plane forms the top of these channels or cavities. 

The runners, gates and the sprue box (bottom part of the sprue) are going to be 

located on the parting plane. This plane also divides the mold into two parts, i.e., 

drag and cope. Parting plane rules are listed as follows:  

1. Place the parting plane as low as possible relative to the casting. 

2. Place the parting plane at the cross section of the largest area of the casting. 

Sprue rules (Alloy) 

The sprue, or downsprue, is the part of the rigging into which the molten metal is 

poured. The design of the downsprue is crucial in order to avoid initiation of 

turbulent flow in the rigging system. Turbulent metal flow might cause an 

increased area to be exposed to air, and thus an increased oxidation of the metal. 

Those oxides may rise to the top of the casting to form a rough surface for the 

casting, or they may be trapped in the casting and create imperfections. Turbulent 

flow may also cause erosion of the sand mold. The following is a list of typical 

rules used in sprue design: 



1.The sprue should be sized to limit the flow rate of molten metal. If the sprue is 

large, the flow rate of the molten metal will be high. High metal flow rates cause 

dross problems. Blind-ends on the runners help to trap unwanted dross. 

2. The size of the sprue fixes the flow rate. In other words, the amount of molten 

metal that can be fed into the mold cavity in a given time period is limited by the 

size of the sprue.  

3. Rectangular cross-section sprues are better than circular ones with the same 

cross-sectional area, since critical velocity for turbulence is much less for circular 

sections. In addition, vortex formation tendency in a sprue with circular cross 

section is higher. 

4. Sprues should be of standard sizes and shapes. Swift, Jackson and Eastwood30 

studied rectangular and round-shaped sprues with cross-sectional areas ranging 

from 0.50 to 1.50 in.2 (1.27 to 3.81 cm2). Generally, rectangular sprues are used 

to avoid vortex problems. However, round sprues with small height and radius do 

not cause vortex problems, are easier to make and, thus, are more economical for 

small castings. 

5. If the metal flow rate is known, then the sprue exit area can be calculated using 

the following formula suggested by Richins and Wetmore 

 
where Q : rate of flow [lb/sec] 

w : specific weight of metal (0.086 lb/in.3 for Al at 732C) 

A : cross-sectional area [ft2] 

g : gravitational acceleration [ft/sec2] 

h : vertical height of molten metal in the sprue [ft]. 

6. Height of the sprue is determined by the casting and the top riser height. 



7. The sprue should feed into a standard-sized well area to reduce the kinetic 

energy of the molten metal.  

8. Standard filter/screens should be placed at the outlet of the well as the metal 

flows into the runners. It is desirable to lower the total number of filters per 

casting. 

9. The sprue should be located as far from the gates as possible. Often, the flow 

leaving the sprue box is turbulent; a longer path and a filter enables the flow to 

become more laminar before it reaches the first gate. 

10. The sprue should be located centrally on the runner, with an equal number of 

gates on each side.  

11. Extreme sizes should be 1/2x3/16 in. (1.27x0.48 cm) for “small castings” and 

1x4 in. (2.54x10.16 cm) for “large thin panels.’’1 

12. Using a tapered sprue results in a lower height sprue than an untapered sprue, 

while retaining the same flow rate. 

13. Sprues should be tapered by approximately 5% minimum to avoid aspiration 

of the air and free fall of the metal. Swift et al.30 suggest that an ideally tapered 

sprue of length 10 in. (25.4 cm) and exit area 3/4 in.2 (1.90 cm2) should have an 

entry area of 2.03 in.2 (5.16 cm2) at the bottom of the sprue basin and 9.06 in.2 

(23.01 cm2) at the top of the sprue. If the sprue length is 6 in. (15.24 cm), the 

entry area for the bottom of the sprue basin and the top of the sprue must be 1.78 

in.2 and 7.23 in.2 (4.52 and 18.4 cm2), respectively. The profiles for the sprues 

suggested by Swift et al., are not linear. The first one has about 14% average 

slope with a minimum slope of 4% at the bottom of the sprue and a maximum 

slope of 48% at the top. The second one has a changing slope from 6% to 39% 

with an average slope of 17%.  

14. Sprues can be tapered slightly more than required to provide a factor of safety 

for aspiration of air.1 



15. Rectangular sprues of length less than 5 in. (1.27 cm) may be given a small 

reverse taper for ease of molding.1  

16. Well area for the sprue box is two to three times the area of the sprue exit.15  

17. The well is about 1/2 in. (1.27 cm) deeper than the runners. 

 

RISER RULES 

 

Risers are reservoirs of molten metal that are used to feed the casting during 

solidification. The shrinkage occurring during solidification causes voids unless 

more molten metal can be fed to the potential problem spots. Risers are designed 

to solidify last and to draw the shrinkage voids out of the casting. Risers also 

serve as exits for gases and dross entrapped in the metal and as pressure heads to 

feed thin sections. 

1.Risers are located near thick sections of the casting. For example, hubs are 

relatively thick parts of castings and are potentially good locations for the risers.  

2. Side risers are usually located on top of the gates. Use of side risers is common 

for thin-walled castings. Since the first metal to enter the casting will warm the 

bottom of the side riser and cool down, and side risers will be filled with hot 

metal, use of side risers promotes sequential solidification. 

3. Top risers are located on bosses, away from the gates.  

4. If the casting is bottom-gated, fast filling of the mold with more gates, use of 

insulated or exothermic risers, and chilling the gate area are safe practices to cure 

unfavorable temperature gradients. In the case of open risers, hot metal can also 

be poured into the riser after solidification starts. 

5. Risers are sized by the volume fed. In the case of multiple risering, each riser 

is considered to be feeding a part of the casting and is sized according to the 

volume of that part in question. 



6. Risers should be large enough to provide at least as much feed metal as the 

shrinkage volume of the section it feeds (4 to 6%).16 

7. If the top of the riser is not open to atmospheric pressure, the height:diameter 

ratio of 1:1 to 3:1 should be maintained for a cylindrical riser. 

8. Top risers should be located on flat, accessible surfaces so that they can be 

easily.  

9. External risers are preferred to internal ones because of easy removal and 

cleanup after production.  

10. Risers should have greater volume:area ratios than the part itself, so that the 

part will solidify before the risers. In the calculation of this ratio, the area used 

does not include the area between the part and the riser or the area between the 

part and the gates. This rule is suggested by Chvorinov [Ref. 5, 

pages 177, 201, 222] and has been applied to practice by most workers. 

Chvorinov’s rule can be expressed in inverse form as the following: 

 
or, assuming that a cylindrical riser is used, 

 
where r is the radius of the riser and h is the riser height. Simplifying Equation 3 

gives 

 



 

The height obtained using Equation 4 or Equation 5 is usually multiplied with a 

factor of safety of about 1.2. On parts that have cylindrical bosses, the radius of 

the riser selected is slightly less than that of the boss to ease the removal of the 

riser from the part after solidification. 

11. The volume of the riser can be calculated using the M-C method developed 

by Creese.6 

12. Risers should be selected from standard sizes and shapes. The best riser shape 

is a sphere because of its high volume-to-area ratio, but it is not easy to work 

with spherical risers. Circular cylinders are frequently used as risers, as they are 

the second best, as far as the volume-to-area ratio is concerned. 

13. If there needs to be multiple risers, they should be located atleast 4–5 in. 

(10.16–12.7 cm) apart. 

14. If two nearby thick sections are risered, the thin section in between may 

contain porosities. The problem may be avoided by risering one thick section and 

chilling the other. 

15. The maximum feeding distance depends upon whether the alloy is a short-

freezing range or a long-freezing range alloy. Maximum feeding distance for an 

aluminum plate of thickness T varies from 8T to 3T as the thickness of the plate 

varies from 1/2 in. to 2 in. (1.27 to 5.1 cm). Feeding ranges for magnesium alloys 

are not reported; however, various magnesium 

alloys show very different feeding behavior. Feeding ranges for various long-

freezing range alloys are investigated in studies by Davies,7 Moosbrugger and 

Berry,22 and Kuo, Chang and Lin.21 

16. The riser junction should be heavier than the section to be fed. For horizontal 

plates it is a better practice to use side risers [Ref. 1, page 31]. 



17. Ideally, the cross section of the riser is slightly larger than the section it 

feeds.1  

 

GATE RULES (ALLOYS) 

Gates are the passages between the runners and the part. Woldman33 

asserts that a good gate design is independent of the alloy cast. The following 

rules on gate design are in common practice: 

1. Gate into thick regions.  

2. Use standard sizes and shapes for the gates. Rectangular gates are most widely 

used. 

3. Locate the gates so as to minimize the agitation and avoid the erosion of the 

sand mold by the metal stream. This may be achieved by orienting the gates in 

the direction of the natural flow paths. 

4. Fillets between the gates and the casting are desirable. 

5. A slight flare of the gates toward the casting is desirable. 

6. Multiple gating is frequently desirable. This has the advantage of lower 

pouring temperatures, which improves the metallurgical structure of the casting. 

In addition, multiple gating helps to reduce the temperature gradients in the 

casting. 

7. Maximum gate thickness should be 1/4–3/8 in. (0.64–0.95 cm).1,18 

8. The first gate should be located at a minimum 1.5 in. (3.81 cm) distance away 

from the sprue, for small castings. This distance should be increased up to 12–15 

in. (30–38 cm) for large castings.1 The longer that distance is, the easier the 

cleaning of the casting will be. 

9. A minimum gate length of 3/4 in. (1.90 cm) is usually sufficient for “small” 

bench molds and 4 in. (10.16 cm) is sufficient for larger molds.1 

 



 

RUNNER RULES (ALLOYS) 

 

Runners are the passages that carry the molten metal from the sprue well to 

the gates through which metal enters the mold cavity. The runners are often 

arranged in one of two configurations: double runner and single runner. Double 

runners consist of two passages around the part. The metal enters the outer runner 

first and moves to the inner runner through short passages. Single runners can 

further be classified as tapered and untapered runners. The selection of the runner 

type depends on the difficulty of the part and the engineer’s preference. Double 

runners are usually used for more difficult parts, 

thin-walled sections in particular. The rules that are commonly used for runner 

design are as follows: 

1. Standard sizes and shapes are used for runners. 

2. Rectangular cross sections are preferred in sand castings. 

3. Abrupt changes in the direction of runners should be avoided. If the change in 

direction is more than about 15°, the joint needs to be filleted. 

4. Runners run along the part for long parts. 

5. For round parts, usually two runners run around the periphery of the part. 

6. Runner extensions (blind ends) are used in most castings to trap any dross that 

may occur in the molten metal stream. Blind-ends are 1–12 in. (2.5–30.4 cm) in 

length. 

7. The runner area is three to ten times the cross-sectional area of the sprue exit. 

8. Runners are sized using a gating ratio27 prescribed for the type of metal used 

in casting. If a ratio of 1:4:4 is to be used, the total area of the runners should be 

four times the area of the sprue exit and the collective area of the gates should be 

four times the area of the runners. 



9. It is best to keep part of the runner above and part of it below the gate levels. 

The part of the runner above the gate level will trap the entrained gas in the cope 

portion of the casting, and the part below will act as a surge reservoir. The metal 

will be leveled before it enters the gates. 

10. Runners should maintain a minimum distance from the part.  

11. A relief sprue at the end of the runner can be used to reduce the pressure 

during pouring and also to observe the filling of the mold. 

 

STEEL CASTINGS 

 

Materials with a short freezing range (liquidus-to-solidus interval < 50°C) 

form a skin and solidify parallel to the mold walls. This type of solidification 

usually leads to “centerline shrinkage,” which is a collection of shrinkage voids 

along a line at a relatively thin section of the casting. Centerline shrinkage is a 

common failure in steel castings, and, therefore, proper feeding should be 

provided through a well-designed rigging system to manufacture sound castings. 

• Since the rigging system is exposed to hotter metal than the part being cast, 

higher quality sand should be used in the rigging system regions of the mold. 

• The gating system should be kept simple, due to the high 

viscosity of molten steel.   

• Strainer cores, filters and relief sprue are not used. 

• When a nozzle and stopper system is used to fill the mold, the size of the nozzle 

should be slightly smaller than the sprue.  

• The partial reversal method is used, where the mold is turned 30–40 degrees to 

place the hot metal on the top of the mold and colder metal (which first entered 

the mold) at the bottom. Complete reversal of the mold is usually not practical,  

especially for large castings. 



 

 

 

 

Parting Plane Rules (Steel) 

 

1. Placing the parting plane at about mid-height of the casting has the advantage 

of filling the bottom with colder metal (due to the initial temperature of the sand) 

and promote sequential solidification. However, high drops of the metal should 

be avoided. 

 

SPRUE RULES 

 

1. 1–2 in. (2.54–5.1 cm) sprue wells are used. 

2. Sprue wells are built with a different material than the one used in the mold for 

higher resistance to erosion: e.g., clay brick, sand with high proportion silica 

flour, cement-bonded alumina. 

3. In the case of deep molds, the sprue may be offset at several points rather than 

using a straight sprue. That practice reduces the velocity of the flow at the bottom 

of the sprue. In such cases, it is common to use refractory tile to build the sprue 

and the runners, rather than sand. 

4. In case cold-shots are detected or the fine details of the casting are not filled 

properly, the sprue cross-sectional area should be increased. 

 

 

 

 



RISER RULES (STEEL) 

 

1. For small and shallow steel castings, the gating system can be eliminated and 

the mold can be filled through a riser if the casting is filled using a ladle. In the 

case of filling from a large bottom-poured ladle, this cannot be done because of 

the high velocity of the metal stream. 

2. Maximum feeding distance for a steel plate of thickness T is  about 4.5T. The 

distance is 4T if there is no edge contribution. For a steel bar of thickness T, the 

feeding range is about 6ÖT if there is edge contribution, and 0.5T to 2T if there is 

no edge contribution. Addition of chills can increase the feeding distance by 2 in. 

(5.1 cm) for plates and by 1T for bars.24 The 

maximum feeding distance may be extended by introduction of a taper. Willms 

suggests the use of insulating material to extend the feeding distance for steel.31  

3. Vents are used to allow the escape of the gasses during the filling of the mold. 

Rectangular vents are preferred to round ones. 

4. Blind risers should not be located below an open riser with a heavy section 

connecting them. 

5. Knock-off risers with star-shaped apertures are suggested by Chapman.3 

6. Volume of the risers can be calculated by the M-C method suggested by 

Creese.6  

7. The modulus approach can also be used to size the risers.32  

8. A formula for the calculation of the riser dimensions is  suggested by Johns.17 

The formula developed is: DR 

 
where DR : diameter of the riser 

Ha : active height of the riser 



F : feed metal requirement from Fig. 212 

Wc: weight of the casting 

? : density of the metal.  

Substituting Ha = DR and ? = 0.29 lb/ft3 results in the 

following: 

DR = 2.98 (FWc)1/3 (7) 

The radius calculated by Equation 7 should be greater than or equal to the 

modulus of the casting. 

9. The following cubic equation is suggested by Ruddle for the calculation of the 

riser diameter for steel castings.28,29 

 

 
where D : riser diameter 

d : safety factor 

ß : fractional total volumetric change on freezing 

g : riser height/diameter ratio 

Mc : casting modulus 

Vc : casting volume 

a : riser sidewall insulation faction (A.S.A.F.) 

b : riser top-cover insulation factor (A.S.A.F.)  

 

GATE RULES (STEEL) 

 

1. Round gates are usually preferred to square ones of the same cross-sectional 

area, since round gates cause less friction and result in larger filling rates. 



2. The diameter of a whirlgate should be less than the diameter of the sprue, and 

the cross-sectional area of the whirl gate should be greater than the sum of the 

cross-sectional areas for the gates. 

3. For large, flat-bottom castings, the gated end of the casting should be low, so 

as to force the metal to run a slight incline. 

4. The cross-sectional area of the gate should be smaller than that of the casting at 

gate-casting interface. 

5. Gates for steel castings should be considerably larger than those used for cast-

iron castings. If gate sizes are smaller than adequate, cold shuts may be formed 

where two streams join around a core. 

6. A 1:4:4 gating ratio is commonly used to size the gates. 7. Plate castings 

should be filled with multiple gates to minimize erosion of the mold. The cross-

sectional area of the individual gates need not be larger than the exit area of the 

sprue. 

8. The number of gates should be maximized to prevent hot spots. 

9. If a single gate is used to fill the mold, the gate should flare toward the casting.  

10. Horn gates are used for small castings, but they are neither very economical, 

nor easy to mold.  

11. In circular parts, like gears or wheels, gating is usually done tangential to the 

gear to let the metal stream go around the periphery of the casting and prevent the 

erosion of the core.  

12. For circular parts with spokes connecting the rim to the hub, core gates are 

better to promote sequential solidification. This allows the metal entering the 

mold cavity to cool down while going through the spokes, and lets the cool metal 

fill the rim of the casting, away from the riser that will be located on the hub. 



13. Saxophone type step-gating may be used for deep molds. The gates come off 

the sprue at several different levels and slope upward. The idea is to fill the 

different levels of the casting with corresponding gates.11 

14. Gates are usually located in the cope.  

 15. Gates may be curved to streamline the flow toward the casting.  

 

RUNNER RULES (STEEL) 

 

1. A 1:4:4 gating ratio is commonly used to size the runners.  

2. The depth of the runner may be changed so that it is shallow at the sprue and 

progressively deeper toward the end. 

3. Runner extensions are used to trap dross. 

4. Hollow cylindrical castings should be cast with gates and runners inside the 

casting, whenever possible. This kind of gating delays the solidification of the 

gates and the runners, relatively, and reduces the chances of cracks due to 

contraction of the casting. One disadvantage to this type of gating, however, is 

the difficulty in cleaning the rigging system after the part is cast. 

5. Runners are usually located in the drag. 

 

 

 

 

 

 

 

 

 



PRINCIPLES OF THE PROCESS 
 

 The following principles can be satisfied either naturally or artificially. 

 

1. Progressive solidification: Casting require a feeding system, usually termed 

risers, connected to heavy sections. The process of solidification must be in such 

a manner that the casting freezes from the furthermost point progressively 

towards the risers, these being the last part of the complete casting/riser system to 

solidify. If this principle is not satisfied, shrinkage porosity, cavitations, surface 

depressions occur, depended upon the alloy used. An aluminum alloy containing 

10-13% silicon will have internal shrinkage cavities, whereas an alloy of the Cu 

2-4%, Si 4-6% type will show surface depressions or sink. 

2. Minimum turbulence: This principle must be observed during the filling of 

the cavity with the molten metal. Turbulent filling of the die will leave air 

bubbles and oxide films entrapped within the casting. Some degree of turbulence 

is unavoidable, but the running system should minimize this Automatic pouring 

offers further consistency in the molding process. 

3.Air and gas clearance: Careful consideration must be given to satisfying the 

requirement, otherwise entrapment of air  or gas within the casting will ensue. It 

is necessary to allow air to escape each part of the die cavity as it fills with the 

metal. Where the cavity shape creates a restriction, various means of assisting the 

air to leave must be adopted.  

 Permanent tilting of the die is the simplest method; a steady progressive 

tilting during filling is also effective. Die joints provide natural venting, which 

can be developed further by machining flat vents 0.25 mm- 0.60 mm deep x 10 

mm – 20 mm wide, leading from the casting profile to the outer edge of the die. 



Venting of the core pins and bushes as shown in the figure is the foundry practice. 

Vent plugs are also used; chamfers as shown in the drawing should be provided 

at the corners of the bush and die block, to assist venting. Gas is generally a 

problem whenever sand cores are used in the die, and systems for its clearance 

must be provided. The simplest method is to ensure that the main body of the 

sand core is well connected to its print, and a path made for the gas made through 

the die from the core print location. An upward path is the most effective. The 

core must never be fully enclosed within the casting shape, otherwise a gas blow 

will occur, resulting in the cavitations of the casting or metal being blown out of 

the die. 

 

 

 

 
 

 

 

DIE DESIGN 

 
The casting must be positioned in the die so that it can be fed satisfactorily 

by the riser system, and filled as smoothly as possible. The cavity must also be 

capable of allowing the air, or gas created by the sand core, to escape. Not all 

these requirements will be satisfied in the initial design, but allowances must be 



made to cover features which may prove difficult when the casting technique is 

later developed in the foundry.  

 

ACCESSIBILITY 

 The die must be fully accessible, to enable the operator to extract the 

casting without difficulty, to remove any sand core debris with ease and to repair 

die coating quickly. Sand clearance apertures can be included in the initial design 

of the die to make virtually ‘self cleaning’. Die block movements may be 

designed to include a tilt at the end of their stroke to allow accessibility for 

coating purposes. 

 

EJECTION 

 Mechanical support of the casting is at its weakest and prone to cracking. 

The casting may be either finally ejected off the day. – usually the die base – or 

simply taken from the base after the final extraction of an internal core. Figure 

shows these methods. 

 

MECHANICAL OPERATION 

 The general engineering of the die should allow for easy opening and 

closing, either manually or by air or oil operated cylinders. Moving parts, in 

particular the main die block and ejection system, should be guided properly by 

the use of keyways, bushes or guide pins. On assembly all moving parts should 

locate together by the use of spigots, dowel pins or wedges. The first  

requirement of a die is to produce sound castings. It must also be capable of 

repeating this with ease throughout its lifetime, with negligible lost production 

due to breakdowns. Additional time spent in the drawing office can save 

expensive hours when the die is completed and on the foundry floor. Thermal 



analysis of dies is now receiving considerable attention. This will lead to 

economy in feeding system and reduced reject levels. 

 

RUNNING SYSTEMS 

 A successful system will control the metal entry into the die cavity, 

ensuring as smooth a flow as possible during filing at a predetermined rate. 

Runner sections should be sufficient only to allow filling the die without the 

casting misrunning. The runner system is connected to the casting through gates 

carefully chosen points. Examples of runner systems and gating are shown in the 

figure 

  
Where quality together with casting shape, permit, a simple and economical top 

pouring system may be used. Where quality with casting shape, permit, a simple 

and economical top pouring system may be used. The metal is poured  

directly into the die cavity without a separate runner system. Such components as 

clutch housings lend themselves readily to this method. Tilting the die as shown 

in the fig during pouring reduces the effect of turbulence. 

 



 As the function of the runner system is simply to pass metal smoothly into 

the die cavity, the gate sections are always dimensionally related to adjacent 

section of the casting. They are invariably of thinner section to ensure that they 

freeze quickly, to prevent metal from the casting feed back into the runner and 

causing local porosity in the casting. The other benefit is in reducing fettling 

during subsequent finishing operations. 

 

RISER SYSTEMS 

 Progressive solidification being the aim, risers must be the last part of the 

complete casting/riser system to set. The simplest and most common method of 

ensuring this is for the riser to be of greater section than the adjacent part of the 

casting. Further assistance in solidification process is gained by increasing the die 

coating insulation in the riser area. 

 There are several ways in which riser can be kept longer than the casting. 

The use of exothermic materials sprinkled over the top of the risers is one, and air 

gaps behind the riser wall as shown in the figure is another. 

 

 

 

 

 

However it is false economy to reduce on the gross metal melted to net casting 

weight. Any such saving is more than lost in scrap in castings due to insufficient 

feeding, causing shrinkage porosity below the risers. 

 Risers which are open to the atmosphere are termed as ‘open risers’. The 

open types are more effective than the blind risers as they have the benefit of 

atmospheric pressure on their surface whilst feeding the casting. Blind risers 



should have a V vent about 6 mm deep connecting the upper face with the top of 

the die to provide an easy path for air clearance. Blind risers also have the 

disadvantage of chilling more quickly, as the whole riser surface is in contact 

with the die.  

 
 

 The use of sand cores in riser areas should not be discounted. They prolong 

the feeding period due to their good insulating properties. When a sand core is 

used producing a casting such as a cylinder head or a large piston involving 

heavy sections, the setting period is unavoidably long. The risers must always be 

the last part of the total casting – runner – riser system to set. In  such cases as 

this, the use of sand cores around the risers may be the simplest way of keeping 

the risers alive. 

 

FEEDING THE CASTING 

 Heavy casting sections which can be fed from risers do not generally 

present a problem. However more complex the casting, the more heavy sections 

are not directly connected to the riser system. In these circumstances, a solution 

is usually found by the use of one or a combination of the following. 

1. Thickness of the casting between the heavy section and the riser can be 

achieved by increasing fillet radii at the root of the ribs, increasing draft 

angles or locally increasing the wall thickness. 

 



2. Chilling: 

a) Die coating may be removed completely or partially from the die 

surface near the heavy section. This increases the freezing rate locally, 

enabling the heavy sections to draw feed from the surrounding area, 

usually above it, before that area in turn freezes. 

b) The use of copper chills as illustrated in the figure is very effective. 

These should be taken through the die from the cavity face with large 

heads left outside the die for heat dissipation. The head can be finned if 

necessary to increase further its surface area for cooling outside the die. 

c) Greater chilling effect can be achieved by the use of air or water 

cooling circuits. These can be introduced into local cooling pads or into 

core pins where bosses are of heavy section and therefore require a 

faster freezing rate then could be obtained otherwise. Air provided from 

a compressed air source is expensive; it is however effective and 

reliable. Water cooling is the strongest chill of all. It should however  

be used with care, as it reduces life of the particular die part, due to the 

continual thermal shock, which can lead to early failure and leakage 

into the die cavity. Typical applications are shown in the figure 

  
 

 

 

 

 



Sand core location: 

 The locating part of a sand core is  usually referred to as core prints, 

and these must be held securely to the actual casting form part of the core. 

This is determined by the casting design and all too frequently overlooked 

by the component designer. Core pins should be sufficiently large and 

numerous to provided adequate location for the core. Sand cores will 

always give off some gas whilst in contact with the liquid metal. Paths 

must be therefore provided to allow the gas to leave the die and core. Shell 

cires are ideal in this respect, but gas holes or other means may be required 

in other type of cores to provide gas clearance. Gas path leading from the 

print location areas should be made through the die. 

 

Loose pieces: 

 

  

 


