Wednesday, September 20
Computer Modeling II

A. Miller (Ohio State University); A Monroe (Mercury Marine)

8:00 am - 9:30 am
Session Chair: Charles Monroe
Modelling and Optimization of Part Ejection in
Magnesium High Pressure Die Casting
S. Mitra, O. Koeser, J. Ruckert, A Sholapurwalla (ESI); P. Ubl
(Stihl)
One important process step in Magnesium HPDC (High
Pressure Die Casting) is the ejection of part from the
mold. Due to solidification and cooling down the part
shrinks onto the mold. To overcome the strong forces
that hold the part on the mold, ejection pins are used that
push the part outside. Often the number of ejection pins
is exaggerated since it is currently difficult to estimate if a
reduced number could already be sufficient to eject the part
without actually trying it. Reducing the number of ejection
pins would decrease production costs and also give more
flexibility to the mold maker to set cooling channels since
these are occupying the same design space as the ejection
pins. This article presents a novel modelling approach to
virtually test the part ejection. The approach is a simulation
chain built of two steps. In the first step a multi-physic
modelling of the casting process, taking into account flow,
thermal and mechanical aspects, is performed. Target of
this simulation is to predict the stresses in the part that
fix the part to the mold. This stress distribution is used
as the initial state for the second part which represents
the modelling of the ejection process taking into account
all friction effects. Outcome of the modelling provides
information if the stresses in the part during ejection will
remain in the elastic range or if there are regions where
plastic deformation occurs, which would indicate that the
process parameters are not set well. Using this methodology will enable the virtual testing of different distribution
and settings of ejections pins.
Runner Development for an Oil Pan Casting
M. Gondek (Magma Foundry Technologies); B. Fung (FCA)
Runner development prior to tool fabrication for a casting can significantly reduce air entrapment and local gas
porosity. Filling simulations should be applied to identify
potential problem area such as local heavy sections causing
flow recirculation and air entrapment.
Various runner layouts can be simulated and properly
ranked using the Autonomous Engineering feature of
MAGMASOFT. Once the optimal design is found the selected runner layout goes through a proper CAD design for
further refinement and complete filling and solidification
analysis. This final version is tested through multiple process
parameters to confirm there is a large process window.
This process has shown that a very high yield at first sampling can be achieved for the Oil Pan prototype die.

92 | DIE CASTING ENGINEER

Benefits of Time-varying Fast Shot
Profiles

1 SEPTEMBER 2017

The objective of this paper is to explore the potential for
increased flow distances, improved cavity fill, and improved
part quality arising from the use of time varying fast shot
profiles. Time varying shot profiles include any situation
in which the programmed plunger speed is not constant
from the point that metal reaches the gate until the onset of
deceleration. Such profiles include the application of prefill.
An optimization problem with the objective of maximizing the metal flow distance through selection of an optimal
shot profile is used show that it is the average shot speed
that determines flow distance. Analysis of the characteristics of the convective heat transfer coefficient applicable
during cavity fill reveals that heat loss is lower at slower
speeds, but distance increases with higher speeds. The
combination of the two results is that profiles that combine an initial stage slower than the overall average with a
terminal stage faster than average results in an increase in
flow distance compared to a profile based on the constant
average speed. Production examples illustrating the benefits
for part quality are presented.

Cast Materials II
9:45 am - 11:15 am
Session Chair: Ryan Winter
Design, Development, and Process
Simulation of a Fluidity Die to Evaluate
Castability of High Pressure Die Cast
Aluminum Alloys
A. Klarner (Ohio State University)
The fluidity of an alloy is a very important material property
to consider when selecting alloys to produce large thinwalled high pressure die cast structural parts. In this study
a new fluidity die was designed and developed to measure
the flow length of different alloys in range of different wall
thicknesses (1, 2, 3 mm). Processing parameters such as
melt temperature, shot velocity, biscuit length/shot volume
were varied to study the effect each had on the flow length
of HPDC aluminum alloys. Casting simulation software
was also used to predict and verify flow length of the new
aluminum alloy systems experimentally. The goal of this
work is to provide a set of guidelines to help product and
die designers optimize thin-wall castings for a certain set of
processing conditions for HPDC alloys primarily driven by
the fluidity behavior.
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Ultrasonic Degassing That Lowers Porosity in Radiographs and Increases the Weight of Die Castings
R. Donahue, A. Monroe (Mercury Marine)
Because, die casters do not always see per se hydrogen
porosity in high pressure die castings, many die casters
do not degass their metal. However, as the small bubbles
in rotary impeller degassing slowly rise in the melt, hydrogen enters these bubbles and are carried to the surface
of the melt. As this process is going on, oxide films [the
source for nucleation sites for porosity] attach themselves
to the bubbles and float to the surface where they can be
removed by skimming. This seemingly perfect world has
a few nuances. The best operating rotary impeller degassing unit, in theory, still creates some oxides because of
the effect of the impeller speed, even though it might be
floating out more oxides than it is creating. However, in
practice, under high speed rotation or high gas flow rates,
the rotary impeller could be making the metal more dirty.
And when rotary impeller degassing is done in a die casting
plant, it is generally done at a degassing station for a 3,000
lb melt in a transfer ladle for 6 to 10 minutes. The benefits
of this 6 to 10 minutes of degassing is generally substantial
wiped out when the degassed melt in the transfer ladle
is top poured into the holding furnace at the die casting
machine. Thus, it is believable we degassing in high pressure

die casting primarily to remove oxide films, the nuclei for
porosity. With this theory, it is the ultrasonic vibrations
that break up oxides into smaller oxides and effectively
destroys the nucleation sites where porosity might nucleate.
Further, we are not sure if destroying porosity nucleation
sites is time related as lowering the hydrogen content is;
it might be amplitude related. In our practice, described
in the paper, we ran the ultrasonic degassing unit for six
hours and refilled the holding furnace at the die casting
machine and ran for another two hours, where the recovery
[i.e. lowering of the hydrogen content] after refilling was
faster than it was at the start of ultrasonic degassing. Unlike
the rotary impeller degassing that was done at the degassing station for a 3,000 lb melt, before the degassed melt
was top poured into the holding furnace at the die casting
machine, ultrasonic degassing was done in the actual holding furnace at the die casting machine, with brackets on
other die casting machines where the ultrasonic degassing
unit could be move, in essences providing “On-Demand”
ultrasonic degassing for other critical parts. The paper
exhibits radiographs before and after ultrasonic degassing
and show that, everyplace on the radiograph, there is an
improvement as a result of ultrasonic degassing. In fact, at
the critical site where the part is generally rejected, it was
evident in radiographs before ultrasonic degassing why the
part was rejected. After ultrasonic degassing the critical site
where the part is generally rejected was so improved that
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it was speculated that an ultrasonic degassed part might
never again be rejected. Quantitively, a Student’s t-analysis
on weights before and after ultrasonic degassing showed
significant weight increases after ultrasonic degassing at the
0.1% level of significance [i.e., only one in every 1000 parts
might not show the increase in weight].
Coating on Performance
D. Heumannskaemper, M. Pavoni (Morgan Advanced Materials)
Functional coatings have been developed to increase the
performance of Graphite or SiC-Crucibles in specific
applications. Typical areas of applications of such clay
or carbon-bonded crucibles are in the melting, refining,
among others, of non-ferrous metals such as aluminium,
copper, precious metals, zinc and related alloys. The benefits
of the coatings on the crucibles are increased purity of the
melted metal, reduce dross adhesion and increased erosion
resistance. These advantages were highlighted through case
studies in this report.

Process & Quality Control
12:30 pm - 2:00pm
Session Chair: Rob Malarky
Casting Quality Comparison: Vertical vs. Horizontal
HPDC
Q. Han (Purdue University); Jerry Good, Corey Vian (FCA);
Jue Sun (Sanji Foundry Equipment)
Castings made using conventional horizontal HPDC
and vertical HPDC are characterized in terms of porosity formation using optical microscopy, X-ray, and CT
scan. It has been found that much less porosity is formed
in castings made using the vertical HPDC than that using conventional horizontal HPDC process. Numerical
simulation has been performed to investigate the behavior
of molten metal in the shot sleeve for both processes. The
simulation results suggest that comparing with the conventional horizontal HPDC process, the vertical HPDC
1) eliminates wave formation in the shot sleeve and thus
reduces entrapped air in the molten metal, 2) has a smaller
surface area of molten metal in the shot sleeve and thus
reduces oxide formation over the melt surface, and 3) has
a smaller temperature gradient in the melt that reduces
the formation of cold flakes and pre-solidified materials
in the shot sleeve. It is expected that the use of the vertical
HPDC process has the potential of improving the pressure
tightness of die castings.
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Important Considerations for Laser Marking an Identifier on Die Casting Parts
A. Fraser, J. Maltais, X. Godmaire (Laserax); A. Monroe
(Mercury Marine); M. Hartlieb (Viami International)
Traceability and individual part marking of castings is
becoming increasingly important. Different marking
technologies are available and have been presented and
discussed in the previous paper (NADCA 2016). For die
casting in most cases laser marking is clearly the most suitable technology - and sometimes actually the only viable
and/or long term most economical one. This is due to the
fast cycle time; harsh environment (lubricants and dust
on parts, and their high temperature when marked); heat
treatment and/or subsequent surface treatments (like shot
blasting, e-coating, painting, etc.) of the parts which the
marking needs to survive and remain readable not only for
the human eye but also for automatic 2D bar code readers
(otherwise a perfectly good casting has to be scrapped); and
the often complex 3D shapes to be marked. Part marking
should never be the bottleneck in the process or a contributor to scrap rate due to unreadable markings. And it is not
just any laser marker that is capable of doing this complex
job. It requires a dedicated system tuned for the specific application and process. In this paper we present and discuss
laser safety (often a concern), and how a system might be
designed and developed that is easy to install while guaranteeing Class 1 laser safety in any typical die casting environment. We also show the results of extensive research work
that has been done since last year’s paper and the successful
development of a completely suitable laser marking system
for die casting, including pre-engineered solutions for easy
retrofitting into existing die casting cells.
Investigation of the Effectiveness of Heat Pipes used in
the Die for Magnesium High Pressure Die-Casting.
M. Farrokhnejad, J. Weiler (Meridian Lightweight Technologies)
In high pressure die casting (HPDC), the geometry of
parts, physical properties of alloys, feeding system design
and process parameters all have their own influence on the
overall thermal field of the die. However, proper die thermal
management is a key factor that yields a high production
rate and optimal quality parts. In HPDC, to assist with the
die thermal management, cooling bars such as copper rods,
heat pipes or isobars are used as heat transfer devices. However, very little information is available as a guideline to use
these devices in the die. Previously, the authors of this paper
reported on the effectiveness of copper rods in the die [1].
The analysis of some of the in-house experimental work for
the heat pipes is reviewed and presented here.
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