[bookmark: _GoBack][image: ]Publication of MAGMA Gießereitechnologie GmbH, Volume 32
No. 3/2020
Weldable Quality with the First Shot!
The ADC12 crossbeam has a character- istic wall thickness of 4.3 mm, weighs
4.45 kg, with total dimensions of 416 x 182 x 22 mm. In addition to minimizing the porosity level, a smooth filling pattern with a minimal entrapment of air had to be ensured. Based on these two require- ments, four gating layouts were devel- oped (Figure 2). One layout is based on five smaller gates (A). The other three lay- outs rely on one large gate to feed the most severe hot spots and two additional smaller gates (B, C, and D).
All four gating layouts were tested in a virtual Design of Experiments (DoE) using MAGMASOFT® and evaluated
based on the optimization objective
“Smooth Filling”. This objective evaluates and minimizes the total melt surface area generated during the entire filling process to ensure a minimum of entrapped air.
Gating layout A showed the best result, having the lowest amount of generated melt surface during filling with about 10 % less area than the worst gating concept B (see Figure 3).
A large gate ensures a prolonged feeding to the critical areas. Nevertheless, this method can also induce stresses and in- creased deformation of the part. In ad- dition, it might be critical for the expec- ted die life due to significantly increased local temperature differences. Gating lay- out A also avoids these quality risks and
In the development of new cast com- ponents, the aim is always to avoid having to make changes to the casting layout and tooling, and to realize a sta- ble process from the start of produc- tion. Structural components that are welded in the assembly process need to meet high requirements. Beside po- rosity, entrapped air is usually the big- gest problem for casting sections that are welded, because the entrapped gas will expand upon reheating.
NingBo HuiWang Casting Mould was asked to design a die for a complex die cast crossbeam. To guarantee the part quality and to shorten the sampling phase, MAGMASOFT® autonomous engineering was used and the MAGMA
APPROACH was applied consequently.
Fig. 2: Four gating designs (A to D) and corresponding filling results at 75 % filled (the regions filled last are marked by red boxes)



[image: ][image: ][image: ]The comprehensive and rigorous use of MAGMASOFT® and the MAGMA
APPROACH shortened the development and validation process of the high integ- rity crossbeam significantly. The neces- sary simulation effort was minimized by a systematic development methodology. Efficient simulations revealed solutions tailored to the relevant question of each specific development stage. This way, the whole product development process was shortened, and substantial costs due to tooling modifications as well as
multiple sampling runs were avoided.
Courtesy of NingBo HuiWang Casting Mould Industrial Co., Ltd.
Fig. 3: DoE evaluating the “Smooth Filling” behavior for the four gating concepts
ensures the best filling, thus it was picked as the most promising concept.
Following the filling result of concept A, a first iteration of positioning the overflows was carried out. As shown in Figure 4, the concept displays high air pressure indications and seems not able to meet the high requirements for weldability. A second iteration solved this problem by providing additional venting in the critical (marked) region of the casting.
In the final step, the process parameters and especially the shot curve characteris- tics for the selected gating layout needed to be determined. In another virtual DoE, MAGMASOFT® was used to determine a second phase velocity that guarantees the lowest possible gate velocities to re-
duce air entrapment and increase mate-
rial integrity, while making sure that the melt temperature does not drop below a critical value to avoid misruns. The only variable investigated was the second phase velocity, which was varied bet- ween 3.5 and 4 m/s in 0.1 m/s steps.
The virtual DoE confirmed that even the lowest evaluated second phase velocity is sufficient to prevent misruns due to low melt temperatures. The first test production was conducted on a vacu- um-assisted 1600 ton high pressure die casting machine. It was directly possible to produce high integrity castings, as was confirmed by x-ray inspection. Sub- sequent welding tests proved the low gas content of the casting as predicted by MAGMASOFT®, and made it possible to start series production after just one
sampling run.
NingBo HuiWang Casting Mould In- dustrial Co., Ltd., founded in 1992, is a member of the Chinese Excel- lent Die Casting Mould Enterprises and manufactures dies for count- less international customers in the automobile and electronics indus- tries. Since 2013, HuiWang Mould uses MAGMASOFT® to improve the quality, reliability, and robustness of
its mold products.
Fig. 4: Air pressure result for the original overflow layout (left) and with additional venting near the critical area (right)
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You will find more information about the project on our website soon.
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for Longer Die Life
Tooling lifetime is one of the main cost factors in high pressure die cas- ting. The Italian foundry Mazzucconi used the capabilities of virtual Design of Experiments in MAGMASOFT® to substantially increase the die life for  a steering housing.
Unfortunately, the tooling for a cast part that had been produced for a long time fell short of the expected die life. Chan- ges to the casting geometry were not an option due to the existing design freeze.
Therefore, the aim of the project was to identify the main influencing factors in the casting process on the tooling life- time in the process and to adjust the process parameters accordingly. One of the major influencing factors on die life are thermo-mechanical stresses on the die surface and the associated die ero- sion . These stresses are caused by temperature changes during the casting cycle. Mazzucconi decided to investi-
gate the following parameters:
Fig. 1: Real casting and substitute model for the designs of experiments
For the DoE used to analyze the dis- tance between cooling lines and the die surface, in addition to the initial situation, three variations with the depths 3d, 5d and 7d were defined. In addition, a var- iant with deactivated die temperature control was simulated.
The results revealed that the die life de- creased with increasing distance between the cooling line and die surface, see Figure 3. For the investigated variants, Figure 4 shows the temperature history at one point of the die surface. With in- creasing distance between cooling line and die surface, the temperature of the die surface at the beginning of the spray- ing process increases. Due to the higher die temperature, the spraying process generates a higher temperature gradient,
which results in higher residual tensile stresses on the die surface.
However, the compressive stress at the beginning of solidification hardly changes. In contrast, the stress amplitude between the tensile stresses (during spraying) and the compressive stresses (during filling/ solidification) increases with increasing distance between cooling line and die surface. This results in an increased load and a decrease of the tool life.
For the other process variables, corre- sponding virtual Designs of Experiments were conducted, too. These led to the following fundamental insights:
In the area analyzed, the diameter of the cooling channels has no influence on the tool life. The reason being that, the aver-
¬
Distance between cooling lines and the die surface
Diameters of the cooling lines
Temperature of the thermal control medium
Casting temperature
Spraying process
¬
¬
¬
¬
For each of the five parameters, a sepa- rate systematic set-up using the built-in Design of Experiments (DoE) was done. The foundry used MAGMASOFT® and MAGMAdielife to estimate the tooling lifetime for their process. To minimize the simulation effort, a substitute geometry was used that had characteristics similar to the original casting, see Figure 1.
First, the status quo of the existing pro- cess was simulated and then compared to the real damage on the die. Figure 2 shows the cracks on the tool already visible on the casting surface and the result of the lifetime estimation.
Fig. 2: Visible tool cracks on the casting (left) compared to the simulation result ‚Die Lifetime‘ (right)
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[image: ][image: ][image: ][image: ]The variation of spraying has shown that intermittent spraying of smaller amounts of lubricant causes smaller tensile stres- ses on the die surface than one single, intense spray stroke.
The different investigations showed that the layout of the spraying process has the greatest influence on the die lifetime. The aim was therefore to keep the ther- mal shock during spraying as small as possible. On this basis, new process pa- rameters were defined for the series part:
¬
Wherever possible, cooling channels are placed closer to the die surface to thus minimize the surface temper- ature before spraying.
The cooling media temperature is kept as low as possible.
The pouring temperature is reduced as far as possible.
Fig. 3: Influence of the distance between cooling channel and die surface on the die life
¬
age die temperature does not change, resulting in the maximum stresses both during spraying and during filling/solidifi- cation not changing, either.
The temperature of the cooling medium has a considerable influence on the tool life. This effect can be explained by the fact that the die is on average cooler with colder cooling media. This, in turn, leads to a reduced thermal shock during spraying and, thus, to lower tensile stresses. The temperature increase of the die surface during filling/solidifica- tion, however, remains approximately the same, which means that the level
of compressive stresses is also almost identical. Overall, the stress range de- creases with lower cooling media tem-
perature (see Figure 5).
¬
Time [sec]
Figure 4: Temperature history at point 6 for different cooling channel distances to the die surface
¬ The spraying process is changed to intermittent spraying (with several smaller spray strokes).
¬ At the same time, the process was switched to spraying of a water-free lubricant.
In the simulation with MAGMASOFT®, the verification of the new process conditions revealed a considerably higher die lifetime (see Figure 6). This was confirmed in se- ries production with new tools.
Courtesy of Fonderie Mario Mazzucconi S.p.A.
Time [sec]
Fig. 5: Stress curves for point 6 when varying the cooling channel temperature
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You will find more information about the project on our website soon.


[image: ][image: ]Fonderie Mario Mazzucconi S.p.A. produces aluminum alloy compo- nents, cast in gravity, low-pressure or high-pressure die casting proces- ses, as well as fully machined and assembled components. For over more than a century, Mazzucconi has been active in the field of metal castings and machining. Mazzucconi is located in Ponte San Pietro (Ber- gamo) and has seven production fa-
cilities located in Italy.
Fig. 6: Lifetime estimation for original and optimized production parameters (left and right respectively)
PORTRAIT ANNA YEOH
Success Through Dedication
She has always strive hard to achieve her goals: Before starting to work as a marketing manager at MAGMA Engineering in Sin- gapore, Anna Yeoh had been working as a metallurgist for failure analysis at a test laboratory for four years and another four years in business development with an oil & gas company in Singa- pore. Before that, Anna had completed her Bachelor’s Degree in Materials Science & Engineering at the Nanyang Technological University (NTU) in Singapore. “I am very grateful for the practi- cal and valuable experience I had gained over the last few years to now be able to exploit on it at my current job,” she says am- bitiously. “The greatest challenge in my job, however, is the di- versity of cultures that need to be embraced in MAGMA Singa- pore‘s marketing activities.” Thankfully, her gift for languages helps her a lot in MAGMA: In addition to English and Mandarin, she also speaks Bahasa Melayu, Cantonese and Hokkien.
Singapore has not always been her home. Born on the pictur- esque island of Penang in Malaysia, her path entails her study- ing in the well-known financial hub at the age of 18. A few years ago, she not only found professional happiness, but also met the love of her life. “I have since had a son by the name of Aden, aged three, and we are also expecting our second child this end of the year, completing our family,” she tells, beaming with delight.
Anna is always in high spirits, and her smile is infectious. Ex- ceptionally polite and open-minded, that is how she is charac- terized by her colleagues. During her free time, she likes going karaoke to sing together with friends.
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MAGMA Moves to New Headquarters
After more than three years of planning, MAGMA GmbH in Aachen has moved its offices into a new building. The ren- ted facilities meet the special requirements of MAGMA and our sister company SIGMA Engineering GmbH, offering a modern environment for collaborative work.
The architecture of the transparent and open building offers numerous opportunities for communication, with a diverse mix of formal meeting rooms and informal communication zones. The meeting rooms were each named and designed with refer- ence to one of MAGMA’s worldwide locations. The software development, application engineering, and sales teams are close to each other, ensuring a direct and seamless interaction.
Our new MAGMAacademy location provides state-of-the-art multimedia training facilities in a comfortable environment for our customers.
Although the new building is just across the street from the old offices, moving the entire company within one week was quite a challenging task. The goal of keeping the entire operation run- ning without significant interruptions for customers, employees or the worldwide MAGMA group was successfully achieved especially through our IT department.
We look forward to welcoming you in our new home at Kackertstrasse 16-18, D-52072 in Aachen.
Events
NOVEMBER 2020
DECEMBER 2020
03 - 04	The 16th MAGMA Greater China User Group Meeting / China, Suzhou
FEBRUARY 2021
02 - 03	Gießtechnik im Motorenbau / Magdeburg
03 - 06
FOCAST Foundry Forum / ITM Industry Europe
Poznan, Poland
Foundry Week / Hefei, China
METALTECH & AUTOMEX 2020 Virtual Exhibition
/ Kuala Lumpur, Malaysia
Guss im Wandel / Virtual Event, Nuremberg
08 - 11
10 - 13
17 - 18
Seminars and Workshops
Please ask your contacts for English-language training courses!
6
6
www.magmaacademy.de



[image: ][image: ]It Goes on: First MAGMA Events
After a break made necessary by the coronavirus, MAGMA is taking each opportunity to personally meet its customers at events where this is again possible, most recently in China and Slovenia.
CHINA DIECASTING 2020 took place from July 15 to 17, 2020, in Shanghai. MAGMA China presented its innovative solutions for die casting processes with MAGMASOFT® 5.4 autonomous engineering to 12,000 visitors. Nissa Sun, MAGMA China, gave a presentation on how die casting dies can be optimized
with MAGMASOFT® by controlling die temperatures and pre-
dicting die stresses.
The 15th International Chinese Foundry Congress was held at the same time. Jack Liu from MAGMA China gave a presenta- tion on how to successfully use MAGMASOFT® in the early stages of product development using a torque box as an example.
Portoroz in Slovenia has been a popular meeting place for foundrymen in Europe for many years. On the occasion of the 60th Foundry Congress, 150 experts met there. Dr. Jörg C. Sturm gave a plenary lecture on “The Virtual Core”. The day before, he also took the opportunity to discuss new develop- ments in MAGMASOFT® with the Slovenian users in a user
meeting.
Impressions from the CHINA DIECASTING 2020 / 15th  International China Casting Congress
Impressions from the Slovenian User Meeting
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Virtual International User Meeting
Behind the Scenes...
These were exciting three days in October: More than 500 user from 43 countries met in Aachen virtually. We would like to thank all participants and customers who were wil- ling to prepare a presentation, and invest the extra effort for prerecording movies and conducting interviews in web meetings. To realize a virtual event that was MAGMA-like, was once again a great experience.
Thanks to the commitment of MAGMA employees and espe- cially of our users, a high-quality program for the different ma- terials and processes could be offered twice on each of the
three days. In addition, twelve lounges offered the opportunity to learn and communicate with each other and with MAGMA experts worldwide. The coffee breaks were entertaining with cultural contributions of the MAGMA subsidiaries.
We are optimistically looking forward that we will be able to personally welcome you as part of the worldwide MAGMA- family at the latest to our next International MAGMA User Meeting 2022, October 19 – 21, 2022 in Munich.
It will be our great pleasure talking face-to-face and having the chance of inviting you to a Bavarian beer in a good atmosphere.
IMPRINT
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