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Abstract 

Proper gating systems can be the determining factor of whether a casting has excellent 

quality, or has defects present. This is why optimizing gate systems plays an important role in 

improving the quality of castings. Due to the lack of precision in gate creation methods, 

inconsistencies exist across different casting processes. This research aims to address this by 

developing a framework for the creation of a universal gating system. This study seeks to 

develop a universal gating tool to ensure consistent and efficient castings by analyzing various 

gate systems using Inspire Cast and examining casting yields with various gating systems. The 

goals of this work-in-progress study include achieving optimal metal flow, minimizing defects, 

and enhancing yield. This universal gating tool (UGT) offers a standard approach to gate 

design, which leads to improved quality and efficiency, reductions in production costs, and 

enhancements in the quality of cast components.   

Introduction 

Metal casting is a form of manufacturing that dates to the bronze age. Because of its 

relatively easy-to-develop tools and abundant rare material in the form of metal ore, metal 

casting quickly developed across many areas of the world with evidence of metal casting 

technology existing in ancient Greece, India, and China. Metal casting involves a process of 

creating a mold and then filling that mold with molten metal to create a casting [1]. Sand casting 

is the most common form of metal casting used in industry today due to the relatively low cost 

of the sand used in sand casting operations.  

A mold consists of a few major components. These are the pattern cavity, runner bar, 

ingates, risers, sprue, and pouring basin. Each of these components is critical for the success of 

a casting and the improper design of any component can lead to drastic errors in the final 

product. Among these components, the ingate remains a critical part of the gate system as it 

controls the flow of metal into the mold cavity determining the flow rate and filling rate as well 

as contributing to the overall surface quality and integrity of the casting [2] [3]. 

There have been many attempts to optimize the design of ingates to address one specific 

aspect of a gate system. Because of these attempts to research the optimization of gate systems, 

there have been many improvements in the field of gate system design. 

 All these previous works have been a great benefit to the metal casting industry. Despite 

the advancements made regarding the design of the gates pre-mold, the system for creating a 

gate has not made a substantial change in many years. 
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The process for creating a gate system involves using a trowel or double-ended tool to 

carve away sand from the cope and drag of the mold to create the gates and runner bar 

respectively. This process leads to inconsistent geometry and the need for extra machining as 

the gate system has to be cut off and the surface of the part refinished. Because of this imprecise 

method, there also exists an issue of defects that occur in the castings such as erosion, cold 

shuts, or shrinkage due to the gate system not accurately matching the design created using 

simulation or CAD tools. 

 

The development of simulation programs like InspireCast has greatly improved the gate 

design process by allowing for systems to be tested without the need to make the mold and 

pour to see how the mold will fill. However, due to the issue addressed before that the gates 

are typically hand carved, the real results may not match what was initially simulated. Because 

of this, it is desirable to design a better system for gating that allows for gate systems to be 

consistent with CAD and simulation designs.  

 

The work presented here seeks to understand the previous work done in the field of gate 

system optimization to create a new set of gate-creation tools. This set of tools will apply the 

standard mold creation principles while also applying the concepts optimized in previous 

research to create a universal tool able to create consistent gates that will have properties 

matching expected results in simulations as well as allow for the reduction of defects in castings 

constantly.  

Literature Review 

 

To assist with this project, it is important to understand the current standings of gate 

design in metal casting. While universal standards do not currently exist for all systems, great 

developments have been made regarding the parameters of the gates [4]. A summary of these 

previous findings can be found in Table 1 [2][3][5][6][7][8][9], a few crucial conclusions can 

be drawn. 

Table 1. Existing literature and their outcomes 

 

Although the use of the additive manufacturing is greatly growing in several aspects of 

the casting field, this article does not specifically report the use of the technology in gating 

design. However, it is evident that additive manufacturing is one of the most commonly used 

fabrication technologies used for making gating systems. 
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Gate Shape 

 

The shape of a gate can be critical to the success of any metal casting project. This is 

because the shape of the gate has a direct influence on the flow rate and turbulence of the liquid 

metal as it flows into the mold. Because of this, it is critical to understand the principles that 

apply to flow and turbulence to determine the shape needed for the UGT. The gates must 

properly reduce the velocity of the liquid metal so that it enters the mold cavity at between 0.5-

1.0ms^-1 [3]. If there is an improper gate shape and the velocity of the liquid metal were to 

increase to over 1.0m/s ^-1 the final part will have issues regarding surface qualities and holes 

caused by sand erosion.  

The gate shape must be wide enough for the liquid metal to pass through effectively 

without jetting, but also small enough to make sure the mold cavity fills fully and without cold 

shuts. There are a few methods that need to be considered to determine the right area for these 

gates.  

The first method typically used to determine gate area is to use ratios between the size 

of the sprue, runner bar, and gates. Because the liquid metal is at its highest velocity when 

exiting the sprue, the goal of the runner bar and gates is to reduce this velocity to the optimal 

range previously established [3]. One common ratio used is 1:2:4 which means that the area of 

the sprue exit is X, the area of the runner bar is 2X, and the total gate area is 4X. While this 

method can be successful, studies have found that at sprue heights over 200mm, the ratio 

becomes ineffective at accurately reducing velocity [3].  

The second method of determining gate area is to use a function of the sessile drop to 

predict how to reduce velocity. From this method, a base of 1000mm^2 is allotted for the total 

gate area. Next, a calculation to find the length of each gate and the number of gates needed to 

determine the final geometry of the gates. By determining the sessile drop of the metal, the 

length of the gate can be determined using the equation Li = 2H where Li is the length of the 

gate and 2H is twice the height of the sessile drop [3]. In Aluminum which will be cast in this 

paper, the sessile drop is 13mm which means the gates must be less than 26mm long. Next, the 

equation Li/N=2H can be used to determine the length of the gates based on the needed number 

of gates, or the equation N=Li/2H to determine the number of gates based on the needed length 

of the gates [3]. Utilizing both equations will allow us to calculate the optimal lengths for our 

gate segments in the UGT.  

Knowing the total gate area needed of 1000mm^2 for the Aluminum casting, we can 

then use the previous equations to determine our gate geometry. There will be 5 coupons casted 

using the UGT so inputting 5 for N gives the gate length of 130mm for each gate.  By using 

the equation TGA/N =SGA where TGA is the determined total gating area and SGA is the 

gating area of a single gate, it can be determined that 200mm is the area needed for each gate. 

From this, the final gate dimensions of 1.5mm x 130mm can be determined for the UGT 

Aluminum casting. These same equations can be used to create sections for any metal or cast 

as long as the sessile drop and number of gates can be established.  

Empirical Knowledge Elements for Gate design 

Scientific discoveries and subject matter experts have developed several knowledge 

blocks to present the links and interactions of the gating system design components. They 

mostly report the quality of castings, types of risers, methods for sprue/riser design including 

the Chvorinov rule and modulus method, design rules, and their linkages to other parameters 

related to materials and processes.  In some cases, even the best practices are captured. 
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Dimensions using these methods based on properties of the casting such as volume, surface 

area, and solidification time are formulated and presented as empirical knowledge elements. 

Figure 1 shows an example that is related to sprue height [10]. 

 

Figure 1: Example of an empirical knowledge element related to sprue height 

Feature Based Rules 

In any part design, there is a high number of individual features called boss, hole, web, 

draft, and chamfer. The design of these features on any gating system is different for all 

materials and casting processes. So, the handbooks and catalogs of the casting practices contain 

the numerical data blocks of these features [11]. Figure 2 shows a sample of features available 

on a gating system. 

Design of Universal Gate Tool  

Based on the collected data the final design and features of the UGT were finalized. The first 

thing that must be integrated is the modularity of the tool. Because each casting may require 

gates of different lengths or widths, the UGT should be adjustable to allow for different 

thicknesses or shapes of gates to be added to the same runner bar. This is accomplished by 

designing the UGT to have modular runner bars and gates as shown in Figure 3 [12].  

The use of magnets embedded in the top of the runner bar and the bottom of the gates 

allows for gates of any size or shape to be placed along any section of the runner bar.  The 

linking magnets located at the front and back of the runner bar and gate segments allow for the 

gates and runner bars to be customized to any size [12].  

Future work with the design of the UGT components involves adding more possible 

features like whirl gate segments or slag traps to allow for a broader range of casting 

applications. 
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Figure 2: Feature-based knowledge elements on a sample gating system 

 

Figure 3. Modular section of runner bar and its features 

Physical Testing 

 For the later physical testing of the UGT, a design was created using the UGT to cast 

five tensile testers. These serve a two-fold purpose. First, the flat profile of the testers as shown 

in Figure 4 allows for quick visual inspection of the part to look for shrinkage or holes in the 

casting. Secondly, the testers can be taken to a testing facility to analyze the microstructure and 

mechanical properties of the casting. By comparing the tensile testers made using the 

traditional method of gate creation compared to the UGT, a conclusion can be drawn about the 

effectiveness of the UGT. However, before physical testing can be done the casting must be 

simulated. 
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Figure 4. Design of UGT for tensile testers 

Simulation-Based Knowledge 

Today, there is a high number of casting simulation tools helping practitioners solve 

their problems without engaging themselves in real casting practices. Such kinds of tools help 

the practitioners to solve their problems virtually and eliminate the troubles they could face 

during the foundry operations. They are usually the tools helping the foundry operations in 

design, cost analysis, design for casting, and process improvement [13]. Figure 5 shows a finite 

element analysis tool used for the solidification modeling and a gating design. 

 

Figure 5: Sample Finite Element Analysis for a Gating System Design 
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Simulation Data  

To effectively examine the effect of the UGT before utilizing it in foundry testing, a 

series of simulations were performed. First, the existing CAD model of the UGT and the tensile 

testing coupons were converted into a solid body and important into the casting simulation 

software, Inspire Cast. From here the CAD model was set up to function as a mold to be filled 

with Aluminum as shown in Figure 6. This is the same metal that will be used in later physical 

testing. The simulation was then run, and the data was analyzed. The simulation provides data 

on the flow of the liquid metal as it enters the mold cavity as well as showing any shrinkage or 

holes that may arise in the part as solidification occurs.  

 

Figure 6. Set up of UGT for pouring and solidification simulations  

Results  

 

By assessing the results of the simulation data, a few conclusions can be drawn 

regarding the quality of the castings using the UGT. By calculating the best gate size and 

number of gates for the casting, it is expected to see reductions in surface imperfections, holes, 

and shrinkage and so the simulation data will either confirm or refute the proposed results.  

As indicated before, additive manufacturing specifics of the gating design, simulation,  

and fabrication are not reported in this work-in-progress study. The implication of the 

technology and its integration possibilities could be searched through [14][15][16][17][18]. 

Temperature Gradient 

A standard gate system will distribute the heat of the molten metal through the whole 

mold with the entrance or sprue acting as the hottest point and the end of the pattern acting as 

the coldest spot in most applications. Based on the data shown in Figure 7, the UGT achieved 

its goal of properly distributing the heat. If the tool was poorly designed or the UGT dimensions 

were not correct, it would be expected to see cold shuts or areas that irregularly cooled, 
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however, based on Figure 7, the part cooled uniformly showing the success of the UGT in 

distributing heat across the casting.  

 

Figure 7. Simulation results of the thermal gradient across the casting 

Metal Velocity  

One of the primary goals of the UGT dimensioning is to reduce the velocity as metal 

enters the mold to between 0.5 and 1.5m/s. much higher than this and the chance of defects 

increases and the quality decreases. Based on the initial simulations shown in Figure 8, the 

UGT accomplished this task reducing the entrance velocity of the metal to below 1.5m/s, 

however further into the mold the velocity of the metal increases to almost 2.35m/s. This could 

be the result of some light jetting of the metal as it enters the mold cavity. This will need to be 

addressed in later experiments.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Simulation results of the metal velocity of the casting 
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Sand Erosion 

 

One of the most common issues with handmade gate systems is the issue of sand 

erosion. With this error case, the sand gets swept into the mold cavity by high-velocity metal 

and causes holes in the casting. This can be an extremely detrimental error in introducing into 

some parts. The simulation data in Figure 9 matches this expectation as the areas where a high 

velocity was previously seen there is also a higher level of sand erosion. However, the erosion 

overall is quite low which shows that the UGT completed its goal of reducing sand erosion. 

One area of note is that towards the end of the runner bar there is more erosion than any other 

area of the gating system. This means that the metal is bouncing off of this edge of the gate 

system. To fix this, later iterations should incorporate a longer runner bar or features such as a 

slag trap or a longer runner extension.  

 

 
Figure 9. Simulation results of sand erosion of the casting  

 

Conclusions 

 

Based on the analysis of the simulation data, the UGT has successfully met its 

objectives of reducing metal velocity to below 1.5 m/s and enhancing the surface quality of the 

casting. Future work in this research will involve empirical testing of the tool with physical 

castings, accompanied by a detailed examination of the components' microstructural and 

mechanical properties. 
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