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Abstract

This study is an evaluation for the basis of pressure die casting methods which are the right
mold material selection and mold design. The expectations for the mold material that working
under sudden temperature changes and cycling loads, are discussed. Also the applications for
mold design principles to achieve in the desired standards product and the melts flow
behavior in mold cavity, are studied for a sample work piece solid model with computer aided
design and simulation tool. Some phenomenons which gives critical results for pressure die
casting process and very difficult or impossible to determine by traditional methods can be
calculated by computer simulation easily. The simulation software presents great support to

die casting designer with the determination of this phonomenons.
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Ozet

Bu caligma basingh dékiim ydénteminin temellerinden; dogru malzeme secimi ve kalip
tasarnimi iizerine bir degerlendirmedir. Tekrarh yilkler ve ani 1s1l degisimler altinda calisan
kalip malzemesinden beklenen ozellikler iizerinde durulmugtur. Aym zamanda istenilen
standartlarda tiriin elde edilebilmesi igcin kalip tasarmm prensipleri ve sivi metalin kalip
boglugundaki akis davramigi, 6rnek ig parcasimin kati modeli tizerinde bilgisayar destekli
tasarim ve simillasyon araglaryla calisilmustir. Basinghi dokiim igin kritik sonuglar veren ve
geleneksel yintemlerle belirlenmesi cok zor veya imkansiz olan bazi fenomenler, bilgisayar
simillasyonu ile kolaylikla hesaplanabilmektedir. Simiilasyon yazilion, bu fenomenlerin

¢Oziimlenmesi ile basingli dokiim tasarimeisi igin biiyiik bir destek sunmaktadir.
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1. INTRODUCTION

High pressure die casting is an important process in manufacturing of high volume and low
cost components for the automotive, house-hold products and electronics. The metal melt (Al,
Mg or Zn) is injected into the die at high speed and under high pressure through complex gate
and runner systems. Because of the complexity of the dies, three dimensional fluid flows with
significant free surface fragmentation and splashing are unavoidable. [1] In mold design
positioning the die vents and the filling of die are critical for homogeneous cast components
with minimal porosity. This is influenced with the geometry of die and the design of runner
system. Also the melt flow behavior in shot sleeve. Several grid r mesh based computer
applications used to simulate HPDC process steps. This simulation software’s are great for the
die designer for avoiding the casting defects due to filling and solidification. But a few of
them can simulate the shot sleeve although the melt flow in sleeve affects the melt quality (air
entrapments). So firstly to achieve in desired standards product both; high melt quality, right

selection of process parameters and the good designed die are needed.

There are many studies about the air entrapment in shot sleeve which decrease the melt
quality due to gas and bi-film content in liquid metal.[2,3,4] Air in the shot sleeve can be
entrapped during metal pouring and the plunger advancement. A high plunger speed can
create surface wave rollover and a low speed can cause reflections. Both of them can cause air
entrapment. The Flow3D simulation program can simulate the melts flow behavior in shot

sleeve while the plunger movement.

The other issue is the design of runner system and determination of ventilations locations. The
casting simulations can also help the designer to fin the right positioning the selection of
ingate type and dimensions. Although the simulations are valuable tools for the design
engineer, in for competitive manufacturing the designer needs pre-information from
experiences about die design. This is important for time and cost saving reasons. In die design
firstly the location of ingate is important because of effect on the fill pattern. To find the right
ingate position, firstly the designer has to find the thickest section.
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The ingate type and position determination has a vital importance for the mold cavity filling.
The wrong filling pattern causes damages in die and casting defects. For an ingate, the
sectional area and the fill time are critical variables. The ingate arca, determines the velocity
of the liquid metal. The high speeds of melt can cause erosion of die material. Also the
runners which the channels are carrying the liquid metal from shot sleeve to mould cavity has
importance. These channels have to carry the liquid metal from the shortest way for avoiding
the earl cooling and also the vield improvement of both casting design. [5]And the change in
rotation has to be smooth. Because the sharp edges can cause early cooling and the extra
turbulence for melt. The cooling of melts in runners is on of the main reason for the solid
particle erosion because of the primer Si crystals (For Al-Si alloys). The turbulence runner is
an air entrapment mechanism. Another issue for the runner design is the splashing near the
ingate. The splashing can occur on surface of cores where near or across the ingate. So to
avoid this splashing and let the liquid metal while filling mold cavity, flow as long as possible

from ingate, the runner has to be design in right direction.

Usually the die casting mold designers focus on the design and positioning of ventilation
channels and overflows. This positioning is strongly depends on runner and ingate design due
to the filling pattern of mould cavity. If the cavity has laminar filling pattern while it’s counter
gravity, the liquid metals sweeps the air in mold with the front surface to the far end of mold
cavity. In this type of mold filling the ventilation channels and the overflows has to be located
where the liquid metal compresses the air. And for the non laminar filling patterns for mould
cavity the ventilations usually positions near by ingates. In traditional methods, the
determination of this positioning made by trial and error or by the experience of the mold
maker with relatively high costs and time loss. On this step the casting simulations helps the
designer to determine the right positions and to get experience by studying on computer with
out loose of material and labor costs. Meanwhile the entire structure of ventilation channel
and overflows in design lead to misunderstanding for their functions in mold. The overflows
main function is to provide melt flow in the thin cavity end and deport the melt which amount
of it’s entrapped with air. And the ventilations are very thin and complex routed channels

where can be located both at the end of overflow and mol cavity.
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The steel is suitable in high demand hot work applications like die casting.The most
commonly used hot-work tool material is AISI category H13, which presently bests fulfils the
demanding properties. Different types of H13 steels, Uddeholm designations DIEVAR®.
Their respective chemical composition along with the chemical range for the AISI H13 is
listed in Table 1. Uddeholm Dievar® offers the potential for significant improvements in die
life, thereby improving the tooling economy.|[6]

Table 1. Chemical compositions in wt. %

Steel Grade C Mn Si Cr Mo A%
UDDEHOLM
DIEVAR ® 0.35 0.50 0.18 5.00 2.30 0.53

AISITH13 0.32-0.4 | 0.20-0.50 | 0.80-1.20 | 4.75-5.50 [ 1.10-1.75 | 0.80-1.20

Uddeholm Dievar® is a high performance chromium-molybdenum-vanadium alloyed hot
work tool steel which offers a very good resistance to heat checking, gross cracking, hot wear
and plastic deformation. Heat checking is one of the most commeon failure mechanism e.g. in
die casting. Uddeholm Dievar’s superior ductility vields the highest possible level of heat
checking resistance. With Uddeholm Dievar’s outstanding toughness and hardenability the
resistance to heat checking can further be improved. Uddeholm Dievar is the material of

choice for the high demand die casting industries.
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2. EXPERIMENTAL DETAILS

LPG tanks of vehicles to be wused in high-pressure valve upper covers was designed for
production how A380 Al alloy was high pressure die casting by method onthe part solid

model images were shown in Figure 1.

S &

Fig.1.Solid models of part

After the design was solid models of part, the first die design was founded. Shown in Figure 2

Fig. 2. The first die design
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However, real parts could not get approval after the casting. Because leakage test as well as
other tests were not appropriate. Therefore, design of die is made of different. The second die

design images are given in Figure 3.

Fig.3. The second die design

Both of these die design were made simulations by used Flow-3D ® software. Thus ,according
to the first die design can not getthe approval of a wvalid after the casting. The second

die design can receive the check may have been detected before leakage test.

Weights of gating and air packet is given Table 2 within either die design. Because of part

working conditions, gating and air packet of weight ratios have been set at naught.

Table 2. Weights of gating, air packet and part for one cavity die

Die Components First Die Design | Second Die Design
Part weight(g) 294 ¢ 294 o
Gating weight(g) 155¢g 119¢
Air Packet total weight(g) 10g 105¢
Total weight{g) 489 ¢ 518 ¢
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Calculated as casting parameters for one cavity die entered in the simulation program and tool

steel physical properties,shown Table 3.

Table 3. Calculated as casting parameters and tool steel physical properties

Casting Parameters First Die Design Second Die Design
Al alloy A380 A380
Casting Temperature(°C) 680°C 680°C
HPDC maching 1st phase velocity(m/sn) 0.25 m/sn 0.25 m/sn
HPDC machine 2nd phase velocity(m/sn) 2.5 m/sn 2.5 m/sn
HPDC machine 3rd phase pressure(bar) 762 bar 762 bar
Die Locking Force(t) 378 1 378 t
HPDC Cold Chamber Machine Force(t) 450t 450 t
Core Tool Steel Grade Uddeholm Dievar® Uddeholm Dievar®
After heattreatmeant of tool stecl hardness 47-49 HRc 47-49 HRc
Thermal conductivity of tool steel to 400 °C 31 Wim °C 31 Wim °C
Modulus of tool steel elasticity 210000 MPa(20°C) 210000 MPa(20°C)
180000 MPa(400°C) | 180000 MPa(400°C)

High mesh size was used in order to

investigation more accurate simulation results.

Flow-3D mesh used in the the number of total and active, shown Table 4.

Table 4. The number of of total and active mesh

Number of mesh First Die Design Second Die Design
Active mesh 956.783 1.234.675
Total mesh 3.898.314 4.256.123

According to the results given by the simulation program;

Ingate velocities are given Figure 4. Based on this, 2nd phase initiation times are shown.

2nd phase
initiation
time; 1.307 s

Fig.4. Ingate velocities of die design
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During casting depending on design was established areas where high turbulence energy,
shown Figure 5. Turbulent flow prevented in part of second die design. So that the part were
minimize in the air entrapment with the prevention of the turbulent flow. Air entrapment

volume fraction is given Figure 6.

turbulent encrgy turbulent energy

100.000
83333

100.000

0,000

Fig.5. Turbulence energys of die design

vol. ‘raction of entrained air

0,222
0.201
0161

Fig.6. Air entrapments of die design
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Part of the remaining average air volume fraction and oxide ratios may ocur, shown Table 5.

Table 5. Oxide of formation in part for die design

Yol. Fraction , % First Die Design Second Die Design
Air entrapment avg.(vol.fraction, %) 0.24 0.04
Oxide of formation({vol.fraction, %o) 34 7

Fluid residence time values were examined and compared the efficiency of part, shown Fig. 7.

Thus, the fluid was measured per unit of time significant points.
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Fig.7. Fluid residence times of die design

tima of hirst Huid arnval

1312
1.084
0.673
0,655
0.437

Filling time;
1.312s

Fig.8. Part filling times of die design

tima of firet fluid arrival

1.280
1073
0.859
0.644
0429
0215
0.000

Filling time;
1.288s
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3.RESULTS AN DISCUSSION

The performed Flow-3D ® simulations for two different type of die design shows clear and
comparable results for designers. Firstly, the ingate velocity, why it is critical for a die
casting part discussed before, varies the due to ingate area because the same shot parameters
applied for both two designs. For the revised (second) design the ingate velocity is reduced
into acceptable range.(Fig.4) Also the volume fraction of entrained air results are important
for this part related to its impermeability on service life. Similar to ingate velocity, the the
entrained air as factor reduced in the revised design.(Fig.6) This factor is related to amount of

oxide particles in part and this amount is inverse to impermeability.

In general the aim is focused on the avoiding turbulences in design of die casting part. The
simulation study of this part presented an exciting results for the turbulent energies for these
two designs. Although in the first design a lower turbulent energy occured, more risky
because of the location where it’s in front side of ingate region. And the second design a

higher turbulent energy but it’s not risky due to it’s outside position from part.(Fig.5)

Finally, when examining the Flow-3D ® results for the sample die casting part and the
literature, we can see that there many phonomenons which are very difficult and impossible to
determine by traditional methods. This simulation software has a great support to die casting
designer with the determination of this phonomenons. Except the simulation is a general
guide for designer, the Flow-3D® has unique results, because the Flow-3D ® is in general

based on fluid mechanics and also the die filling strongly depends on it.
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