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ABSTRACT

High pressure die casting is a manufacturing process for producing accurately net-shape, smooth-surface metal components. It is accomplished by forcing molten metal into a reusable metal mould, which is called the die. DiEdifice is knowledge-based software for pressure die-casting die design. DiEdifice designs gates, runners, overflows, ejection system and does venting & cooling calculations. The software has a library of standard die set parts. It also has built-in calculations, design health checks & guidance and automatically generates the 3D geometry of the gating system. In other words DiEdifice bridges the gap between CAD and simulation. The above work lays stress on scientific analysis of die design and the use of simulation to know beforehand the metal behavior when in the die cavity. This helps the designer to analyze the complex dies without actually going into the manufacturing and the production phases.
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TABLE 126

General Cost Characteristics of Casting Processes

Casting process Cost™ Production rate
Die _ Equipment___Labor G
Shell mold NH LM <50
Plaster M M-H <10
Investment LM H <1000
Permanent mold M LM <60
Die H LM <200
Centrifugal H LM <50

L= low: M= medium: H
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CHAPTER 1.

INTRODUCTION

1.1 INTRODUCTION

High pressure die casting is a manufacturing process for producing accurately net-shape, smooth-surface metal components. It is accomplished by forcing molten metal into a reusable metal mould, which is called the die. The process is often described as the shortest distance between raw material and finished products such as engine blocks and transmission cases. The die is made of two sections to permit easy removal of the finished castings. These two sections are mounted in a machine. One section is stationary (fixed die half) while the other is movable (injector die half). To start a casting cycle, the two halves are clamped tightly together by the die casting machine. Molten alloy is injected into the die cavity where it solidifies rapidly. Then, the die halves are separated and the casting is ejected. The die serves two basic functions: to retain the desired shape of the casting, and to remove the heat from the molten metal in a reasonable amount of time. During the cavity filling stage, molten metal is poured into the shot sleeve, and then injected into the die cavity by the piston under an applied pressure. The cavity filling time is extremely short, typically between 5 and 150 ms depending on casting size. Pressure intensification (10 to over 30MPa) occurs during the solidification of the metal [1]. The aim of the applied pressure is to reduce the amount of gas porosity and feed shrinkage porosity, as well as to increase the dimensional accuracy of the part. Very often, the die is internally cooled to allow its temperature distribution and hence that of the casting, to be controlled properly. This can minimize defect formation inside castings, increase the solidification rate of castings, and consequently yield a low scrap rate and a high production rate.
Therefore, in order to achieve a perfect product with a reduction in cost, and to improve the quality and speed of production, the method should be free of human restraint. Computer-aided design and analytic software should be used in order to achieve this goal, with the interconnection of computer-aided manufacturing software to facilitate the achievement of this target. To save design time and cost the IGES file format should be used to transmit the design plan for the purpose of simulation analysis [22]. The software available in this field is mature and can be used for precise manufacturing. Generally speaking, die design is still dependent on human experience, owing to the lack of analytical ability in analyzing metal flow and heat transfer, and current die design is unable to handle the problems resulting from material and thermal expansion and shrinkage of the die.

1.2  OBJECTIVE. 

The gate form the most restrictive orifice with respect to temperature, fill time, flow rate and metal volume in the die filling operation of a die casting operation. This leads to a three dimensional fluid flow with significant free surface fragmentation. Since the design of the component (to be manufactured) cannot be played upon, the die designer can work only on gate, overflow, and vents for proper filling of the die cavity. Most of the casting defects can be attributed to faulty gate design. The location, size and type of gate are the most important factors in gating. Even though proper calculations are made yet the exact manner in which the molten metal flows inside the die cavity per shot is not known. Due to this nature of die casting process the defects that are going to occur in the manufactured part can not be identified before the actual parts are made. Thus the rate of defects is high in die casting process. In order to reduce these defects a simulation of the entire process is carried out to give an insight of the metal flow inside the die cavity. The simulation also throws light on the effects of changes in the gate design. These can be analysed and based on the analysis the gate design can be improved and optimized to give sound and better castings.  

CHAPTER  2.

LITERATURE REVIEW

2.1 BACK GROUND. 

The fig. shows the development of various manufacturing process that took palce at various points in history.

[image: image2.emf]
Fig.2.1 History of manufacturing processes. [3] 

In the early days the manufacturing processes were considered an art rather than a science. The production at that time was based on per part. During the industrial revolution there was a need to produce parts in bulk. Use of machines, for manufacturing, came into picture. Manufacturing ceased to remain an art and took shape of a science. A need was felt to increase the production rate and so modern casting processes came into picture.

[image: image3.emf]
Fig .2.2 Schematic illustration of various casting process. [3]

There are certain advantages and drawback of each process as shown in the table below.


Fig. 2.3 Various casting Process and their characteristics. [3]

2.2 DIE CASTING. 

In the die casting process, liquid metal is forced into the mould cavity under high pressure. The process is used for casting a low melting temperature material, eg. Aluminium and zinc alloys. The mould, normally called a die, is made in two halves of which one is moving and the other is moving. The die is made of heat treated alloy steel. The die is cooled by water for an efficient cooling of the casting. The process is referred to as a hot chamber or cold chamber process, depending on whether or not the melting furnace is an integral part of the mould. Since the liquid is forced into the die cavity with high external pressures, much thinner sections can be casted by this process. Pressure die casting is a fast, repetitive process in which molten metal is injected at high pressure (up to 50 MPa) into a steel die. High production rates, with good surface finish and dimensional tolerance are thus achieved. For typical aluminium casting the casting temperature can be up to 700°C and a die life of about 100,000 castings per die.


[image: image4] 

Fig. 2.4. A schematic diagram showing parts of a cold chamber machine.


[image: image5]
Fig. 2.5a Cold Chamber die casting Machine. [1]
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Fig. 2.6 Steps in die casting operation.
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Fig. 2.5b Cold Chamber die casting Machine lay out. [1]

The cold chamber machine requires a measures quantity of molten metal to be transferred from a holding furnace to the machine for each shot; else the percentage of scrap generated per shot will be high. 

Table. 2.1

	Metal Processed by casting

	1
	Sand casting
	60

	2
	Investment casting
	7

	3
	Die casting
	9

	4
	Permanent mold casting
	11

	5
	Centrifugal casting
	7

	6
	Shell mold casting
	6



Fig.2.7. Shows the relative cost of various manufacturing process.


[image: image8]
Fig.2.8. Shows the cost of individual parameters.

Pressure die casting accounts for the highest tonnage production of any alumimium part. The figure shows as the number of components increases, the net cost of high pressure die casting gets reduced. 
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Fig.2.9. The manufacturing cycle of die-casting.

Rapid chilling in the die produces a fine grained structure and good as-cast strength. But it suffers from porosity caused by air entrapment in the die cavity. Further thick sections are difficult to cast on account of the shrinkage associated with it. These castings can not be fully heat treated since the trapped air causes blistering of the casting surface when the castings are heated.[4]

[image: image10.png]



Fig.2.10 The steps involved in the die casting manufacturing process. 

CHAPTER 3.

PROCEDURE

3.1 DETAILS OF PROCEDURE
The gating system is a composite of various channels and cavities cut into the parting surfaces of the die which allow the molten metal to flow into and through the cavity.

The metal first enters the die through a hole in the cover die. That hole is tapered and is an extension of the shot sleeve. The metal travels from the shot sleeve through passage, called runners, to the cavity. At the cavity, the runner flair out and blend to a thin slit opening called the gate. The metal flows through the cavity and out the opposite side through similar slit like openings and into pockets called overflows. 

The gate forms the most restrictive orifice in the metal flow system. The molten metal should completely fill the cavity, pass through the overflow feeds into overflows and terminate in the vents.

Economic production of die casted components depends largely on the efficiency of the die casting design and casting control procedures [12]. The design of the gating and heat flow systems will dictate the quality of the finished casting. Traditionally, gating system design has been based on experience only, with die modification being carried by the cut and weld technique until an acceptable casting was obtained. Assessment of the efficiency of the gating system is often based on a qualitative judgment of casting quality usually without regard to changes of other process variables. This method may result in the eventual production of quality casting, but it cannot be expected to maximize the profitability of the die casting operation. 

The gating system design is improved by calculating the basic parameters that define how the cavity is filled with molten metal. Once the design parameters have been calculated, there is a need to asses the overall efficiency of the resultant gating system on a quantitative basis. Various software are used to simulate the actual filling that takes place inside the die during production. Due to these the die designer can ascertain:

1. The metal velocities through the gate and the fill time attained.

2. Any deviation from the expected flow line path.

3. Any abnormality during filling.[37]

3.2 CASTING PROCESS CONSIDERATION.

Surface quality and mechanical property requirements of the die casting determine the design runners, gates, overflows and vents. The functions of each part of the gating system is analyzed here.

3.2.1 Part volume.

The volume (and thus the weight) of the casting must be determined before any of the “gating” calculations are made. The volume is also useful in determining the cost and heat flow analysis. The first step in this direction is to analyze the component and determine where it should be gated to provide the quality, surface finish, dimensional stability and final cleanup required. Further the component is divided into flow segments from gate to overflow. This is done to analyze and control the fill of the casting. When the casting is of a constant shape then it is advisable to choose each section of constant length. Along with volume, area of each section should be computed for each die surface. As a counter check it is advisable to calculate the volume-to-area ratio of each shape. This ratio when doubled gives an equivalent flat wall thickness.

3.2.2 Injection temperature

The metal temperature that must be maintained at the holding furnace is determined by the temperature losses that occur between the holding furnace and the gate. The temperature of the metal entering the runner usually should be above the liquidus. Before the metal enters the runner temperature losses occur in the shot sleeve and the ladle during transfer of metal to the shot sleeve is small and can be neglected. The thickness of the oxide-lubricant layer (which acts as an insulator); the difference in temperature between the shot sleeve and the metal; and the time lag before the shot is made after the shot sleeve, and high it is filled. 

Table 3.1 Design Consideration

	Factors to Account for in Design
	Design Response to Factors

	Metal injection temperature
	Cross section area

	Solidification range or latent heat 

Content
	Runner length and approach and 

approach shapes die parting 

	Die material and die operating temp
	Available areas of gate

	Castability of the alloy
	Die cooling

	Ejection requirements
	Actuation elements

	Casting warpage
	Draft angles in the die


3.2.3 Latent heat content

The metal should be molten or in a semi-plastic state if the pressure is to be tranismitted through the casting. This happens when the metal temperature in the gate and runner is above the solidus line. When the total heat available between the solidus and liquidus is small, the amount of heat loss in the runner becomes critical. Hence it is mandatory to cast alloys with narrow solidification range at higher “superheat”.
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Fig. 3.1. Cross-section of cold chamber fill and advantages of retaining more heat with higher fill.
Temperature losses and the skin freezing effect on the runner periphery can be reduced by extending the coating to the surfaces of the runner to the shot sleeve. 

3.2.4 Runner

At present the runner cross section has been reduced to an equal width and height trapezoid. This runner shape is easily machined into the die. The runner length will develop as a function of cavity size, machine size, thermal balance, etc. skimping on the runner size to save trim remelt may increase casting rejects and result in a higher remelt than a proper runner design.

3.2.5 Approach Shape.

The approach is a very important flow control element because it is the main transition from the runner to the gate. The geometry in this zone is very critical as flow area must be maintained or reduced.

If the gate flow area is increased too much, then excessive high flow velocity may produce a die erosion problem. This can be solved by the addition of a tangential shock absorber to the end of the gate.

3.2.6 Cavity fill time. 

The cavity fill time can be selected based on casting section thickness. If the casting thickness varies, cavity fill time can be calculated on the basis of the thinnest section, the average section, or the dominant section. The thinnest section gives best surface finish. Another method is to use the ratio of the metal weight to surface area. 

3.2.7 Heat flow consideration

The die casting dies result is cavity fill time in the range of 0.007 to 0.150 sec. Even in this short filling time, some heat will flow from the alloy into the die. The amount of heat flow during injection influences both the fluidity of the molten alloy and the heat flow conditions that will exist after the filling is complete. A complete die design involves a thermal analysis and design of the heat transfer system. Thus the die design becomes an interrelated process in that the die is laid out, including gates and overflows, cores, core pulls, ejection, etc. the die is then analyzed and a cooling system added to maintain a thermal balance at the designed production rate.

3.2.8 Gating Data

The gating system geometry must be related to cavity fill time, die temperature and injection temperature of the molten metal. The accepted starting points for gating system calculations are: a) cavity fill time or b) metal velocity in the runner and gate. All the proposed methods for fill time calculation are based on the laws of heat transfer. 

Table3.2 Optimum cavity fill time (sec.)(Based on metal and die temperature )
	
	Metal Temp.

(Tg)
	Die Temp.

(Td)
	Diff °T

	Zinc Alloy
	400
	200
	200

	Magnesium alloy
	660
	330
	330

	Aluminum alloy
	660
	330
	330

	Wall Thickness (in.)

0.02

0.04

0.06

0.08
	Fill Time (sec.)

0.007

0.014

0.021

0.029
	Wall Thickness (in.)

0.10

0.12

0.14

0.20
	Fill Time (sec.)

0.035

0.043

0.050

0.070


A formula for calculating the cavity fill time was developed by Wallace5.with few modification the formula can be stated as 

t = [ 0.52 (Tg – Tliq + 115 deg.F) x T ] / {0.6( Tg – Td)}

where 

t = Optimum filling time sec.

Tg = Metal temperature at gate deg. F

Tliq = Liquidus temperature at gate deg. F

Td = Temperature of die cavity surface before shot deg. F

T = casting wall thickness in.

The geometry of the gate will influence the direction of the metal flow entering the cavity. Each type of gate construction has unique advantage best suited for a particular cavity configuration.

Most of the die-casting alloys have a range of temperature over which they solidify. The temperature drops below the liquidus temperature, the alloy changes from the liquid phase to a mixture of liquid and solid phases. Initially there is formation of small crystals of metal. As the temperature is reduced further, the number and size of these crystals increases.

When it is half way between the liquidus and solidus temperature, the metal is a slurry similar to wet mortar. If stirred this is highly fluid. If casted in this form the chances of solidification shrinkages are less.

The lack of porosity from solidification shrinkage depends on the rate of metal flow from the gate also.

 t = [ 0.866 (Tg – Tliq + C) x T ] / {0.6( Tg – Td)}

where 

t = Optimum filling time sec.

Tg = Metal temperature at gate deg. C

Tliq = Liquidus temperature at gate deg. C

Td = Temperature of die cavity surface before shot deg. C

T = casting wall thickness in.

C = variable representative of the allowable aount of solids present at the fill instant the die is filled. Its value is given in Table3.3 
Table3.3 : Percent solids for zinc, aluminum, magnesium and brass.

	Percent solids allowed
	Values for F

	
	Aluminum
	Magnesium/zinc
	60/40 brass

	10
	38°C
	25°C
	47°C

	20
	75°C
	50°C
	94°C

	40
	151°C
	100°C
	186°C

	60
	226°C
	150°C
	278°C

	80
	302°C
	200°C
	370°C

	100
	378°C
	250°C
	464°C


With good venting, die temperature controlled in the correct range and by increasing percent solids in the metal filling, the die will increase internal soundness, but will have some loss of surface finish and fine details. Corners and edges that have a small radius will develop a larger radius (thereby increasing the machining cost). On the other hand, decreasing the percent of solids will decrease internal soundness as the surface improves.

When designing a gating system for shots with a high percentage of solids, the die temperature can be raised because the total heat to be removed from each shot will be less. Lower temperatures have other benefits also- e.g. less energy used in melt operation, less oxidation loss in the metal, and longer die life due to reduced thermal shock.

The cavity fill time shows that fill time is affected by changes in both metal temperature and die temperatures. 

Most of the die-casting alloys have a range of temperature over which they become solid. As the temperature drops below the liquidus temperature, the alloy changes from the liquid phase to a mixture of solid and liquid phases. When it is half way between the liquidus and solidus temperature, the metal is a slurry similar to wet mortar. When this liquid is stirred rapidly it is very fluid. This gives little solidification shrinkage porosity even in very thick sections. The lack of porosity from solidification shrinkage is due to the material being solid at the time of fill. [26]

With good venting, die temperature controlled in the correct range and by increasing percent of solids in the metal filling, the die will increase internal soundness but will have some loss of surface finish and fine 

A common defect found in high pressure die cast components is porosity resulting from excessive turbulence and gas entrapment. The porosity defects are associated with the entrapment of surface oxides. The design of the gating system, the positioning of the vents and the optimum velocity of the metal at the in-gate are crucial to the quality of the castings. Porosity defects are usually only detected during trial production, after the dies have already been manufactured which is a cost intensive operation.

3.2.9 Cavity Fill Rate "Q" (or flow rate)

The most useful quantity for cavity fill calculations is the fill rate "Q". It is simply the casting volume divided by the cavity fill time.

Fill Rate Q = Volume / time

It can be handled as a simple division. However, in the extremely light and in the heavy castings range, most case histories prove these approaches to be wrong. Very thin wall castings demand faster cavity fill time and relatively thick walls will allow slower fill time. In the establishment of the required cavity fill time, it bears repeating that higher die temperatures and/or higher metal temperatures allow slower fill times, which means more comfortable venting, but slower production cycles is the trade off. Also, machine capabilities must be such that the required plunger speed for the calculated shot geometry is attainable. Verification of shot speed capabilities by developing a P-Q2 diagram, based on dry shot speed, or verification by using the shot speed testing fixture, based on simulated load.

3.2.10 Gate Velocity

Having determined the cavity fill rate (Q), we still must establish the most favorable metal velocity through the gate, before we can continue our calculations for gate area and plunger velocities.

Historically high gate velocities have been associated with cavitation, die erosion and soldering. Research work done by CSIRO in Australia has shown that most of the effects associated with high gate velocities can be reduced or eliminated by proper runner and gate design. The runner pressure build up gives the first metal through the gate exceptionally high energy values which cause these problems. A technique of building shock absorbers reduce the energy of the first metal through the gate allowing high gate velocities without problem of reduced die life usually encountered. 

High gate velocities are normally associated with thin wall castings. Air should be removed from the chamber and the runner system before any metal passes the gate. This is normally accomplished allowing the metal to displace the air in the system in a controlled manner. Any air trapped in the runner or gate, as the cavity is filled, will cause unstable metal flow. The result is poor casting quality caused by this inconsistent casting fill. The gate velocities are sat by minimum wall section. The lower values are for higher die and metal temperature. The higher velocities are for lower die and metal temperatures. 

The final gate velocity selected will be adjusted by casting complexity, metal flow path in the casting, and changes in the flow path a higher velocity would be selected. A simple part with few changes in the flow path would use a lower velocity. 

3.2.11 Gate Area

The gate must be of such a size that the shot volume (V) will pass through the gate orifice (Ga) in the allotted fill time (t) and at the correct velocity (G). The optimum gate area can be established by considering cavity fill rate relative to the desired gate velocity with equation:

Ga = Gate Area = Cavity Fill Rate / Gate Velocity = Q/Gv = mm2

Where:

Ga = Gate area (sq. in.)

Q = Cavity fill rate (cu. in. /sec.)

Gv = Gate velocity (in. /sec.) or ft. /sec.)

Table 3.4. Recommended gate velocities for aluminum, brass, magnesium and zinc.
	CASTING ALLOY


	Recommended Gate Velocities, In/ tec (mm/sec). Bated on 200/225 psi = 1.4/1.55 MPa effective hydraulic pressure.)



	
	Ratio of Hyd. Cyl. Dia/ Metal Plunger Dia.



	
	1.5/1


	1.75/1


	2/1



	Brass

Zinc

Aluminum Magnesium


	-

720 (18,300) 1140 (29,000) 1380 (35,000)


	815 (20,730) 875 (22,250) 1380 (35,000) 1680 (42,700)


	960 (24,380) 1044(26,500]

1620 (41,100)

-


Table 3.5. Gate thickness recommended tor various die castings.
	 (In.)


	Aluminum


	Zinc



	For very thin wall parts:


	0.032


	0.028



	For thin wall parts:


	0.050


	0043



	For medium wall parts:


	0063


	0.054



	For thick wall parts:


	0.080


	0066




Since the gate area is the product of the gate thickness and length, it allows us to vary both dimensions according to design considerations.

Selection of gate thickness from a calculated gate area for a given casting is usually affected by practical considerations such as the size of the die parting face available. To minimize trimming or finishing operations the thinnest possible gates should be used. The thinner the gate, the more energy is required in the shot system to run the casting. Thinner gates also require closer control of die and metal temperature as well as cycle rate and ladle sequence.

3.2.12 Plunger Diameter and Plunger Velocity

With the proper gating system built into the die, it becomes the function of the machine to drive the metal through it and, therefore, proper selection of plunger diameter and prefill stroke are necessary to achieve the desired machine performance.

The slow-shot velocity of the plunger is usually up to 15 in. /sec. After the slow advance of the metal up to the gate, the shot plunger of a diameter Φ. Travelling at the plunger velocity (Pvm) pushes the shot volume (V) through the gate. The length required for the slow advance or pre-fill stroke (pst) will equal the length (L) of the shot sleeve minus the volume (V-Vr) of molten metal remaining in the shot sleeve divided by the area of the plunger. Measurements of the plunger's "fast shot" speed must be made at or after this point is reached in the shot cylinder stroke.[19]

3.2.13 Gating area calculation

The general calculation process followed is 

Step1 

Calculate the projected area (Pa) and weight (w) of the casting.

Step2

Determine machine locking stability,

Step 3
Calculate the liquid volume of the casting.

Step 4

Confirm the displacement capacity of selected machine.

Step 5

Calculated the time to displace the liquid volume of the casting(s) through the largest diameter cold chamber at maximum pressure and flow.

 Step6

Pick a reasonable gate velocity. Gate velocity should be held in the range of 29 m/s to 50 m/s.

Step 7

Length of the gate. Taken from the drawing, cost estimate and other factors determine the maximum practical length available for gating.

Step 8

Establish thickness of gate.

Step 9

Establish approximate runner dimensions based on smaller gate area.

Step 10

Confirm approximate runner inlet velocity.

Step 11

Design total flow system.

Step 12

Approximate the true gate velocity.

 The gate velocity and cavity fill time are the important variables in the die casting process, provided air entrapment and turbulence have been minimized. A normally targeted gate velocity of 1600 in/sec is common. A longer than recommended cavity-fill time is acceptable, if a high gate velocity is maintained.

True velocity through gates, fed by tapered tangential runners, is higher than when using the formula:  

Velocity (V) =     Metal Flow Rate (Q)/Gate area (Ga)

This is because of increased metal flow angles in tapered runners. The metal at this flow angle tends to see a reduced gate length.14 The true gate velocity could be as much as 30% greater than with a metal flow right angles to the gate.

It is reasonable to expect between 80% and 100% of runner entry velocity to be available at the gate because of the fractional resistance in the runners.

3.2.14 Air Vents

Correctly designed tapered tangential runners ensure that air in the feed system is pushed out ahead of the molten metal flow and expelled through the cavity to the air vents. Vents should be positioned where the flow in the cavity is expected at a late stage of cavity fill.

Air vents with total entrance areas up to 20% of gate areas are recommended. The depths of the vents can be to .003 inch with depths over this amount leading to possible flashing problems.

3.2.15 Overflows

Normally, overflows are not required and should not be cut into the die until after trial castings are run. Should casting problems occur, first check machine operations or performance, and check metal feed system design dimensions.

Should overflows still be required, their position can be determined by flow pattern in the casting. Overflows may be used to satisfy a die heat problem or a long metal flow distance in the cavity. Overflows are usually required in open centered castings, which are fed from the outer edge because air vents cannot be provided in such cases.

3.2.16 Atomized Metal Spray

This new gating technique, which produces excellent results, emphasizes the physical manner in which metal enters the cavity. That is why more weight is now given to gate velocity than cavity fill time.

Experiments have shown that metal flowing in a die cast die can be classified in three basic types:

I.    Continuous Jet Flow - (Linear Flow), liquid metal plus small particles of solid metal. This usually occurs at a slower velocity and tends to produce satisfactory castings.

2.      Snowball Jet Flow - (Course Particles), liquid metal plus large particles of solid metal. This usually occurs at a somewhat faster velocity and tends to produce unsatisfactory castings.

3.     Atomized Jet Flow - (Atomized), small droplets of liquid metal plus small particles of solid metal. This usually occurs at a high velocity and tends to produce very good quality castings.[23]

3.3 GATING SYSTEMS GEOMETRY

When the gate and runner areas are set, it is time to design the balance of the gating system. To review the area relationship from the plunger through the flow system to the gate, the projected area of the plunger should be the largest in the system. The flow cross sectional area should remain constant or decrease. It should never increase otherwise quality problems in the cast product will arise.
Traditionally, a single flow path has been used to connect the cold chamber to the casting, Fig. 3.12. A single runner will not always give the control, quality and speed of production desired.[17].
The multiple runner concept provides several advantages. It allows a very efficient hydraulic flow system, minimum change of direction and better control of flow area. It also lends itself to better die temperature control. The runner system portion of the die sees a high level of heat input. Multiple runners spread the heat over a wider area, thus reducing thermal stress in the die steel. The multiple runners allow better cooling system design as each runner can have its own waterlines.
[image: image12.png]



Fig.3.2. Single Runner
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Fig.3.3. Multiple Runner

two most commonly used feed systems are the tapered tangent runner (usually doubled to give a symmetrical flow pattern) and the fan runner. The tapered tangent 

[image: image14.png]



Fig. 3.4. Metal flow patterns.
runner system is capable of feeding complex casting shapes with gates up to 40 inches in length. A fan feed system, however, is simpler and easier to machine, especially when small casting sizes are considered.

These two systems also produce a different metal flow pattern. A double tapered tangent runner gives more divergent flow with more energy at the extremities. The fan runner gives more flow in the center of the gate with a narrow angular spread. The flow patterns and casting shapes for which each system is considered best is illustrated in Fig. 3.14.The ratio between the fan length and the gate width is also important. With too small a ratio, the metal flow takes up a narrower angle than the mouth of the fan i that only part of the gate is used. This results in higher gate velocity than designed and a poor flow pattern. Simply making the fan longer will reduce the effect. Since    most   designs    are    a   compromise,    it recommended that fans are designed for individual case. However, the following shapes seem to be the compromise.

Ratio of runner area to gate area = 1.5:1

Ratio of runner width to thickness =3:1 

Ratio of fan length to gate width = 1.34:1

[image: image15.png]



Fig.3.5. Runner to gate area ratio = 1:1

The ratio of runner width to thickness (3:1) does improve the metal flow, but also increases runner surface contact area and, consequently, increases heat flow to the die. It is also apparent that changing one die element also influences other important design considerations.
[image: image16.png]) © © ®© 9 6 6 O

a4

™

5

A,
<

N
© /

e

—_— i .

\%
%,
//)/

N




Fig. 3.6. Runner to gate area ratio = 2:1.
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     Fig. 3.17. Short tan feed.
3.3.1 Overflows
The reported functions of overflow are:
1.    Provide area for gases and cold metal to h gathered.
2.    Provide a place for external ejection.

3.   Allow more metal flow through system adding heat to the die.

4.   Can provide cast-on locators for handling and / or subsequent   operations after casting.

5.   Can also be used to balance multi-cavity tools containing different parts. The over flow volume can be increased to balance cavity fill time.

3.3.2 Venting 




Venting is the last area of concern for developing a good gating system that will keep the metal and gases separated as the die is filled. Venting is the final design setup to ensure production of dense quality castings.

Venting functionally serve to allow the escape of gases in the die, but must also prevent the passage of metal. For vent to function, it must remain clear. This means it should be self cleaning. To achieve this, the vent should accept some metal and the distance the metal will flow in the vent will be related to die temperature. The vent should taper abruptly to a 0.003 to 0.004 opening, while the width of this opening doubles. The overflow, gates and vents area should be well polished to eject clean at all times. Usually the vent area filled will not exceed the gate area, because of the thickness restriction which prevents metal flow. The 0.003 to 0.004 vent thickness should be maintained for 0.005 inches or to the edge of the die insert. Through the die retainer set, the vents can be 0.030 to 0.040 deep. This deeper vent in the die retainer is due to lubrication build-up and low temperature. If the shallow vent is run to the outer edge of the retainer set, it will tend to plug with dirt in a matter of a few hundred to a couple thousands shots.




The actual vent area in a die usually greater than that calculated because of venting that can occur around ejector pins and inserted components in the die. These venting areas should not be relied on since they tend to change and can become totally blocked.  

3.3.3 Effect of adding alloying elements

        During the initial period of mold filling, the dendritic network remains incomplete. The melt flows with the bulk properties of a liquid and then subsequently with the properties of a suspension of growing particles (equiaxed dendrites plus any other primary phases) in a liquid. Feedability becomes important once the semi-rigid network of the dendritic grains has formed. The dendrite arms continue to coarsen through various ripening mechanisms [3] and the intergranular regions decrease in size as the volume fraction of solid increases. Channels between the dendrites and grains continue to narrow, creating an increasingly tortuous path through which the remaining liquid must flow. As the restrictions increase, the pressure head required to maintain flow also increases. This must be supplied either by applied external pressure or by metal shrinkage pressures. These narrowing fluid paths may become blocked by suspensions of non-metallic inclusions or growing intermetallic particles within the melt stream. This in turn tends to make fluid flow even more difficult [4, 5 and 6]. The final liquid fraction to solidify is usually of eutectic composition (simple or complex). This liquid composition normally has a high fluidity. However, despite this gain, flow eventually ceases through the narrowing channels. It is during these latter stages of restricted interdendritic fluid flow that effect of alloy composition on viscosity and surface may become most evident [7]. Elements which segregate to the final eutectic liquid fraction and which also decrease melt viscosity or surface tension may prolong the ability of the liquid to flow interdendritically and vice versa. Elements may also change interdendritic feeding ability by shifting eutectic, liquidus or solidus temperatures. This may cause either a widening or narrowing of the alloy's freezing range, with a consequent shift in its coherency point. This means that the permeability of the interdendritic zone is both alloy dependent and cooling rate dependent [8]. Iron and silicon alone do not have any contribution to porosity; however, they form intermetallics whose morphology affects feeding. Fe and Si form Al5FeSi, which is needle like. The length of Al5FeSi needles in the absence of Mn, increase with increasing Fe content and decreasing cooling rate. But in the presence of Mn the effect is opposite. Al5FeSi compound heavily blocks the interdendritic path and hinders liquid flow. Fe and Si along with Mn form Al15(MnFe)3Si2 which looks like Chinese script. This morphology impedes feeding and leads to micro-shrinkage porosity. Through the length of the casting low levels of iron and high levels of silicon give better feeding characteristics. High levels of manganese promote feeding. 

Fe and Si with Mg and Cu form Al5Mg8Cu2Si6 which along with Al2Cu compound forms clusters. Al2Cu also forms on the Al5FeSi needles. Together the three compounds form a net like structure that hinders liquid metal flow. The compound Al8Mg3FeSi6 is formed by the transformation of Al5FeSi needles. Though ANOVA predicts that it has a negative effect on porosity, microstructure analysis reveals that this compound does not exist in the samples studied. Apparently, the cooling rates used are too fast to transform the Al5FeSi needles into Al8Mg3FeSi6. Moreover the Mg content being 0.05 wt% is too less to transform the needles to Al8Mg3FeSi6. TiB2 added as a grain refiner, evenly distributes porosity in the casting, and thus has a positive effect on porosity. The effect is more pronounced at the middle of the casting due to the effectiveness of TiB2 in refining the grains. 

3.3.4 Simulation as a tool in High Pressure Die Casting Process.

            The simulation of foundry practice has been accepted for the development of new die castings and for process optimization. It is  not only structural parts or running gears that make great demands on tools and processes, but also parts that appear less demanding require a polished fabrication to obtain casting constructions that meet the respective requirements. The application of casting to demands are to be considered as a motor of progress offering chances of being more up to requirements which will increase permanently in the future. The simulation program is supposed to deliver concrete statements on problems specifically related to high pressure, die-casting and to support the user to a great extent.


      The use of simulation will establish itself especially in the product development process. As soon as the first product design is available, the first simulation calculations can be carried out. At that time, the greatest optimization potential is at the developer's disposal, as he can exert the greatest influence on his construction at this early state of Development. Already during this first phase, simulation can support the process and construction failure mode and effect analyses and construction failure mode and effect analyses (FMEAs) efficiently.[32]

         At this sensitive point, the development of casting simulation as an expert system meets the casting developer s demands by enabling him to carry out iterations to optimize his construction as well as to verify requests for changes from the production site. This way, the software is also able to support effectively the systematic optimization of a casting process for fully de3veloped casting in a customer's foundry.[40]


[image: image18]
Fig.3.8.   Compromise regarding the casting: A casting must meet various demands. Often these demands are contrary to each other. An optimum casting distinguishes itself by meeting the essential requirements in an optimal way and achieving an acceptable compromise with regard to secondary demands.

The die is designed based on certain parameters. These parameters are noted in a tabulated format called the design sheet. It generally deals with the characteristics of the component to be casted. In our case it is the front-cover and support plate. Both theses components are pressure tight with no scope for porosity. The data is entered in the design sheet and the necessary calculations are made. This gives the net parameters on which the die is to be designed. The next plates show the actual design sheets that are used to record the data in a tabulated form. 

SUNBEAM
DATE :-
PART NO.
DESIGN    CALCULATION
TOOL   NO.
Actual values in die
After modification
Before
DESIGNER
(mm3)
Gate area calculation:-
Casting volume after gate (including overflows) =......
Average wall thickness =................ (mm)
Theoritical cavity fill time =.................... (s)*
Allowed gate velocity =............... ..(mm/s)*
Gate area = Volume
Fill time x velocity
= ......................mm2
* Refer design manual
Runner cross section area
Ak = 2 x Gate area (minimum) Ak= 2x ............mm2
W = Width of runner
T = Thickness of runner
Runner cross section   W = 1.5 ~ 2.5 T
Ak = WxT = (1.5~2.5)TxT
T =/Ak
=....................mm
S/(1.5 -2.5)
W=......... ..(mm)
T= .............(mm)
Note:- Higher ratio of W/T is Preferred________
For multiple cavities
page:-1/2
No of cavities =................
Main runner area = No of cavities x runner area( Ak) = 10 ~ 15 % of runner area Ak
= ......................mm2
Note:-For detail refer Design Manual 
FORMAT NO.SAL/F/DD/018

. REV.OO
PLATE 1

        SUNBEAM

DESIGN    CALCULATION TOOL   NO.
PART NO. 

DESIGNER
After modification
Before
Actual values in die
Design of biscuit 
Width of runnerW= ...........(mm)
Sleeve dia D =................mm
Minimum distance between gate and centre of Sprue Bush = D/2 + 1.5W (mm) = ......................mm
Note:-For detail refer Design Manual
Filling ratio calculation
M/C size/Type = ..............
Sleeve dia D..............mm
Effective plunger stroke l_=  ...........mm
Sleeve volume = ji D2 x L (mm3)4   = ......................mm3
Shot volume =.................. .(mm3)
(including overflows, runner, biscuit)
Fill ratio =   Shot volume x 100      =..............................%
Sleeve volume
Length of solid sleeve dia for shot volume = H
H = Shot volume = .............mm
jiD2/4
Switch over point = Effective plunger stroke - H •
= L-H
= ...............(mm)
'PAGE:-2/2
FORMAT NO.SAL/F/DD/018. REV.OO
PLATE 2

	SUNBEAM


	DESIGN    CALCULATION


	PART NO./ TOOL NO.:-

	DATE :-


	PART NAME.-

	DESIGNER:-


	METAL VELOCITY CALCULATION

	CALCU-LATED

	ACTUAL

	REMARKS


	1.    GATE VELOCITY V,             .                                        (mis)

	
	
	

	2.    GATE AREA   A,                                                             (mm2)

	
	
	

	3.     SLEEVE DIA=                                                                 mm2 CROSS SECTION AREA A2 =                                mm2

	
	
	

	4.     PLUNGER VELOCITY V2 = V,XA.                                 mis
A2

	PAGE — /—
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PLATE 3
	SUNBEAM


	DESIGN    CALCULATION


	PART NO./ TOOL NO.:-

	DATE :-


	PART NAME:-

	DESIGNER:-


	INJECTION FORCE CALCULATION

	CALCU -LATED

	ACTUAL

	REMARKS


	1. Nitrogen pressure in accumulator (Pa)

	
	
	

	2. Intensification Ratio (IR)

	
	
	

	3. Injuction cylinder cross section (Ac) =    Piston Rod O = Area = n!4 ( 02 -d2 ) = ............cm2

	
	
	

	Piston Bore O =........... ...cm

	
	
	

	4. Injection force =  Accumulator Pressure x Intensification Ratio x Cylinder Area. ...... ....cm ,

	
	
	

	f! = PA x IR x ac =

	
	
	

	5. Specific Pressure = Injection force x Sleeve cross section Area Sleeve Dia = ........... Cm                   Area = ......cm2

	
	
	

	Ps = F^As = ..................kg/cm2

	
	
	

	
	
	
	

	6.   Projected Area ( Ap ) = ...................cm2

	PAGE — /—

	
	

	Die locking force required = Specific pressure x Projected Area
Ps xAp =..... ..kg (ton)
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PLATE 4
	SUNBEAM


	DESIGN    CALCULATION


	PART NO. /TOOL NO.:-

	DATE :-


	PART NAME:-

	DESIGNER:-


	SLEEVE DIA CALCULATION

	CALCU-LATED

	ACTUAL

	REMARKS


	1.     COMPONENT VOLUME                                              (mm3) =

	
	
	

	2.      OVERFLOW VOUUME                                               (mm3') = AVERAGE 15 -20 % OF COMPONENT RUNNER + BISCUIT VOL.                                   (mm3) =
AVERAGE 50 -80 % OF COMPONENT + OVERFLOW.

	
	
	

	3.     TOTAL SHOT VOLUME                                              (mm3) =
( COMP VOL. -i- OVERFLOW VOL. + RUNNER +BISCUIT VOL. )

	
	
	

	4.      FILL RATIO = ( AVERAGE IS 40- 60 % )

	
	
	

	5.      CALCULATED 100% SLEEVE VOLUME . =
= SHOT VOLUME          X100 FILL RATIO
1

	
	
	

	6.       PLUNGER STROKE (L)                                            (mm) = (As per M/C sleeted.)

	
	
	

	
	PAGE — /--

	
	

	7.       SLEEVE DIA  =   /SLEEVE VOLUME   X 4                  (mm)

	
	
	

	V   nXL
SELECTED SLEEVE DIA = ..............................mm
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PLATE 4
	SUNBEAM


	DESIGN    CALCULATION


	PART NO./ TOOL NO. :-

	DATE :-


	PART NAME:-

	DESIGNER.-


	METAL PRESSURE / FLOW RATE CALCULATION

	CALCULATED

	ACTUAL

	REMARKS


	1 .     VOLUME OF COMPONENT

	
	
	

	2.     VOLUME OF OVERFLOW

	
	
	

	3.     TOTAL VOLUME AT GATE ( V)

	
	
	

	4.     CAVITY FILL TIME (t)

	
	
	

	5.     NO OF CAVITY (N)

	
	
	

	6. FLOW RATE (Q) =     VXN

	PAf^F        / i r\\j i—        /

	
	

	t
SPECIFIC PRESSURE AT ABOVE FLOW RATE FROM P/Q2   DIAGRAM =                                               bar
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PLATE 5
SUNBEAM
DESIGN    CALCULATION
DATE :-
PART NO./TOOL NO.:-
DESIGNER:-
PART NAME.-
CALCU​LATED
DIE LOCKING FORCE
REMARKS
ACTUAL
(mm2):
1.     PROJECTED AREA OF THE COMPONENT

(mm2) •

2.     PROJECTED AREA OF OVERFLOW + RUNNER + BISCUIT

3.     TOTAL PROJECTED AREA ( PA )


 (mm2)

4.     SPECIFIC PRESSURE

AVERAGE FOR STANDARD CASTING   = 600 Kg/cm2 AVERAGE FOR TECHNICAL CASTINGS =   600 -800 Kg/cm2 AVERAGE FOR PRESSURE TIGHT =   800-1 OOOKg/cm2

5.      DIE LOCKING FORCE REQUIRED. = = SPECIFIC PRESSURE X TOTAL PROJECTED AREA (TONS)

= 750 X 100 X pa     TONS 1000

6.    DIE CASTING MACHINE SELECTED =...........TONS

PAGE —/—
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PLATE 6

3.3.5  DiEdifice for pressure die-casting 

  DiEdifice is knowledge-based software for pressure die-casting die design. DiEdifice designs gates, runners, overflows, ejection system and does venting & cooling calculations. The software has a library of standard die set parts. It also has built-in calculations, design health checks & guidance and automatically generates the 3D geometry of the gating system. Tool makers can take the output to any CAM system and cut the gating on the dies. 

DiEdifice bridges the gap between CAD and simulation. The entire gating system can be created in a couple of hours and the STL output can be fed to simulation software. Its design methodology and health checks ensure that the design is within a reasonable confidence level and convergence can be achieved more quickly, in lesser number of iterations. Iterations are also easy, as the entire gate & runner geometry can be updated by changing a few parameters.

CHAPTER 4.

RESULTS AND DISCUSSIONS

The detailed design diagram shows the die design of the front-cover and the support plate. The design of the component was made on IDEAS-11. The calculations and parameters that were used for the designing of the gate for the particular casing (support-plate) are discussed as below. 

1. Determine the locking force of the die. 

 F= A x P / 1000. 

F = locking force, in metric tons

A = Projected area of the casting plus the sprue, runners, gates and overflows (cm2). In this case it is 20 x 20. 

P = Specific Injection Pressure in kg/cm2. (here it is 1000)

The specific injection pressure is dependent on the alloy cast and the nature of the casting. The castings are classified in three major categories for this purpose.

Table 4.1 : Specific injection pressure.(kg/cm2)

	
	Zn
	Al/Mg

	Decorative casting
	100-200
	200-400

	Engineering parts
	200-300
	400-600

	Pressure tight parts
	250-400
	800-1000


The gate area for a die-casting. 

2. Gate area = Cavity fill time / gate velocity.

For pressure tight components the gate velocity can be taken as 40 ± 5 m/s.

The cavity fill time can be calculated as 

Cavity fill time = volume of the casting / (0.04 x 2.7)

Where 0.04 is the average thickness of the casting and 2.7 is the density of the casting in gm/cc3.

So the net volume of the casting is 125 gm. 

Gate area comes out as 25 mm2.

Thus the locking force comes out to be as 180 tonnes.
3. Determine the gate geometry. 

The geometry of the gate is decided by the weight and complexity of the casting. Multiple gates are needed in the case when large castings are made. I the present case the casting is small and its net weight is below 200 gm. Hence the entire casting can be fed through one gate.
4. Runner design.

A possibility of fan gate with a delta region is also there. The runner to gate ratio is taken as 1.5:1 for smooth transition from the runner to the gate. It gives a fairly good area and a uniform and good metal flow. 
5. Over-Flows.

The next step is to design the overflows and the vents. They are attached 3in number and serve an additional purpose of ejection point in the system. These are attached at the end of non-uniform sections. This gives additional advantage of proper flow at these points; thus giving sound casting.
6. Venting 

The overflows are extended to form the vents that facilitate the removal of the trapped gases inside the die. The vents are made of 0.2 mm thickness. And then are further reduced in cross-section after a length of 0.0125 mm. (not shown in the detailed drawing.)
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The simulation of the above support-plate is done and the results of the simulation are shown as under. Figure 4.1 shows the support plate as needed by the customer. The model clearly shows that the component is of circular shape and has three non-continuous sections in it. Further the casting is having non-continuous sections in it. 
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Fig. 4.1. Various Views of the casting support-plate.
This casting is taken for simulation by Die-DEfice. The simulation software needs certain inputs before actual simulation can be carried out.

These inputs are:

Table 4.1 

DiEdifice Analysis Questionnaire

	ITEM


	Support plate

	Part No.


	-

	No of Cavity
	1

	Material
	Aluminum

	Application
	Pressure Tight

	
	Metric- MKS

	Machine - Tonnage
	2500000kg

	Dry Shot Velocity
	0.5 m/sec

	Plunger Diameter
	50 mm

	Plunger Stroke
	300 m/min

	Shot Cylinder Diameter
	100 mm

	Die Insert Layout
	As per layout

	Die Insert– Fixed & Moving
	

	Component positioning in the Die
	

	Sprue Bush Center
	125 mm


	Gate /runner side Fixed side or moving side


	Moving side

	Gate thick ness mm


	1.2 mm

	Gate land width mm


	2..2 mm

	Gate & overflow preference area sketch


	


It also needs certain material specifications that are needed for the simulation. 

They are 

Material Specs. Input for DiEdifice Analysis

Material Aluminum Alloys: Al 383

Material Grade: As Cast

Coefficient Of Expansion: 22.1x 10-6 ºC  

Coefficient Of Friction:

Compressive Strength:

Conversion Factor:

Density (Mg/m3): 2.77 gm/cc

DieCavity Temp: 250 ºC
Ejection Temp: 400ºC
FillTime Constant: 0.04 sec

Injection Temp: 680ºC
J Constant:

Latent Heat: 1095

Liquidous Temp: 590ºC 

MinFlow Temp: 565 ºC
Shearing Strength: 185 N/mm2
Solidus Factor:

Solidus Temp: 520ºC

Specific Heat: 2.91 J/Kg K

Thermal Conductivity: 1.092 (J/cm/s/K)

Viscosity:

Yield Strength: 159 N/mm2
Youngs Modulus: 71 MPA(MOD. Of elasticity)

Fluidity:

Melting range: 50 k

Tensile strength: 150 MPa

% offset (yield std): 0.2
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Figure 4.2  The Die casting analysis
This data is entered in the simulation software and then the software asks for the parting line and the runner diameter. The parting line is in the centre of the (i.e. both the fixed and moving die will contain half of the casting) casting and the runner diameter that is equal to the plunger diameter is taken as 50mm. After analysis the system shows the probable flow-lines. The metal will flow along these flow lines in the casting. (Fig. 4.2). 
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Fig. 4.3.  The Gating system check.

Based on the inputs given to the system the system also check the gating various parameters. These can be seen in Fig. 4.3.


[image: image36.emf]Machine Inputs

Machine Inputs


Fig. 4.4 The various inputs entered in the system.

After checking the gating system, the simulation software asks for the machine inputs. (Fig. 4.4) based on these inputs the system calculates the Reynolds number of the runner and the gates.
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Fig. 4.5.  Reynolds number calculations.

If the Reynolds number is in the permissible range then the system also gives the span weight feed by each gate and flow length. If there is large variation between the distances covered by the metal stream from the different gates then the design of the gates can be reconsidered. (Fig 4.5)
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Fig. 4.6 The gate runner settings.
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Fig. 4.7. The gate runner settings.

The simulation software then calculates the gate runner settings. The details of same are shown in Fig. 4.6 and Fig. 4.7. The gate is placed in the moving die based on the inputs given by the designer. And various details of the gate and runner are shown in the figure.
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Fig. 4.8 The actual filling

Fig. 4.8 shows the actual filling that will be encountered and based on this filling it highlights the projected area for placing the overflows.  Fig. 4.9 and Fig. 4.10. are showing the final design of the casting with gate and runner with the indented sites for placing the overflows.
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Fig. 4.9 The casting with optimum placement of runner and gate, with possible places of placing the overflows.
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Fig. 4.10. The casting with optimum placement of runner and gate, with possible places of placing the overflows in three dimensions.

CHAPTER 5.

5.1 CONCLUSIONS

Initially when the die is designed its nature cannot be assessed. During the actual production of the castings the actual problems occurring due to the die come into the picture. More so, sometimes it is only when the casting is put to actual use the actual defects come into picture. 

     The above work lays stress on scientific analysis of die design and the use of simulation to know beforehand the metal behavior when in the die cavity. This helps the designer to analyze the complex dies without actually going into the manufacturing and the production phases. The exact behavior of   the dies is obtained at the designing phase.  This enables the designer to look into the most of the problem that are encountered during the production phase due to bad design of the die. These problems make the casting of inferior quality. When these problems are known they can be tackled beforehand. The simulation can be results can be analyzed and the changes can be made accordingly to improve the castings. 

But in any case it should not be taken that with the simulation packages the work of the designer has reduced. It only means that he comes to know about the problems beforehand. Again it is his responsibility to rectify the design so that the above said problems are not encountered. 
5.2 RECOMMENDATIONS
As a part of further work the dies can be manufactured and trial shots can be taken to analyse whether the dies are giving the products of desired quality. As a part of future work the cooling calculations and thermal balancing of the die can be done and counter-checked through simulation on Magmasoft [20]. Further the simulation of the front cover can also be done for which the simulation could not be carried out. 
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Double-tapered tangential runner gives wide flow.








Fan feed provides flow with narrow angular spread
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