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ABSTRACT

Aluminum high pressure die casting is one of the most productive manufacturing processes. The complexity of the parts rise
and the quality requirements are increasing. The challenge in high pressurgidgeisas reach the high quality standards

in spite of the huge number of quality influencing process parameters. The interaction of all quality influencing parameters
leads to extremely high scrap rates of up te 28%. The parameters are not centratignitored by one single unit but by

the various systems of the process such as the die casting machine, the furnace, the thermal regulation system etic. The typic
parameters being measured in the process to date are piston speed in the first andhasepimdgmsification pressure and

others, but there are many parameters such as the humidity of the evacuated air which also control part quality.

The European research project MUSIC (MuUbityers control and cognitive System to drive metal and plpstiduction line

for Injected Components) has the aim to decrease the scrap rates in high pressure die casting by developing an intelligent
cognitive system taking all quality controlling parameters into account. In the frame of the project a spedajeastetry

has been developed, that allows the production of parts with several defects such as shrinkage porosity, cold shuts and
distortion. The die is instrumented with many new and innovative sensors to monitor new process parameters, such as the
soundof the shot, which have not been applied to date. The sensor data, the process parameters of the machine and the
peripheral devices are stored together with the quality index of the castings in one common database. The cognitive network
will then be abldo calculate the quality index for future parts based upon the measured sensor data.

INTRODUCTION

The number of high pressure die casting parts in the constructibaluddy of innovative cars is rising. The reason for the
application of aluminum pastas structural elements is the reduction of the weight. At AUDI a weight reduction of 10, 9 kg
was achieved using one castbck tower instead of 10 joined steel plate pafigufel)
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Figure 1: reduction of weight using structural aluminum high
pressure die casting parts instead of joined steel parts [1]

The high pressure die casting process is a produttaraifacturing method to placecomplex cast parts near net shapa
very short cycle timeigh pressure die castinmarts are characterized by a good surface quality, a high dimensional
accuracy and a high tensile strength despite the low wdightrequirements concerning quality and mechanical properties
and also the geometrical complexity of the components are rising. In the HPDC process an enormous number of parameters
are influencing the cast part qualifyhe known and controlled parametare the piston speed in the first and second phase,
the switching point and the intensification pressure, that build together the shot profile of the injection process. These
parameters and other parameters like the temperature of the heating oil, dlse femperature and the parameters of the
sprayingunit are controlled and measureable parameters. @regontrolled ad measured byhe unitsshown inFigure2.
Additionally there arentherquality influencing parameterfgr example the remaining humidity in the die after spraying, the
evacuated air quantity, the acceleration of the plunger anatieaus in the alloy comgsition that are not measuredstored

to date. The interactions betweedl quality influencingparametersre leading to high scrap rates up td 5%. This

value exceeds the scrap rates of other manufacturing protgsadactor of 10 or even 1000.
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Figure 2: conventional data acquisition during HPDC process

RESEARCH OBJECTIVE

The European research project MUSIC (Mudiyers control and cognitive System to drive metal and plastic production line
for Injected Components) has the aim to decrease the scramrhigk pressure die casting by developing an intelligent
cognitive system taking all quality cootling parameters into account.

As shown inFigure3 the high pressure die casting machine and the peripheiiakbdeare equipped with sensofdl devices

are attached ta network that isonnected tone commordata base. In this data badkesensor data and the controlled
process parameters of the machine thedperipheratlevices are stored. In the training phase the quality data of the casted
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parts is also entered in the data bdse correlation of the sensor data, the process pasmand the qualityfdahe
investigated cast parédlows raining the cognitive system which is able to predict the quality of future castdogins
production.
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Figure 3: Innovative sensor network and cognitive system

EXPERIMENTAL CASTING GEOMETRY

To produce casting defects intentional a special casting geometry was designed in the foundry laboratory of Aalen University
of Applied SciencegFigure4). The casting has two areas with a thicknessmf® which can be used to analyze the
mechanical properties of the parts with the help of bending tests. At the top left of the casting geometry there is a stepped
wedge that has a final thickness ahin. The thin walledareaoffers the possibility to analyze cold shuts. The whole casting
was designed in the shape of a horseshoe to measure the distortion of the part between the two arms like marked with the
black arrow inFigure4. To provoke turbulences and to entrap air six round cores with different diameters were placed in the
arms of the horseshoe. The cast part also shows shrinkage porosity in the thremlteitéome areas. One is placeldse

to and one far awafrom the gating systeto see a difference in the feeding efficiemsyafunction of the distanct the

gate. The dome aa on thaight arm of the horsghoe is equipped with a squeezer that allowsmpress the melt and to
minimize the shrinkage porositi special feature of the die is th@ovable gating system. An actuator in the gating section

can be moved with a hydraulic cylinder to increase or decrease thesentigs of the gate. A bigger a®section of the

gate allows a better feeding condition. With a smaller gate thicknespehebf the meltduring filling in the gate area is

higher and a better surface of the cast pitte expected.
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Figure 4: special casting geometry to produce defects

To validate the final design of the cast part a filling and a solidification simulation wasvitbldAGMA °. Figure5 shows

the comparison between a real cast part and the simulation results. The simulation result shows the temperature alistribution
the end of the filling phase. The blue areas mark veld/regionswhere cdd shuts are expected. The reabting confirms

the simulation with cold shuts and incomplete filling.

Figure 5: Comparison of real cast part and simulation results regarding cold shuts [2]

PROCESS MONITORING WITH SENSOR NETWORK

The training of the cognitive model is the initial step for the prediction of the casting d&fasitsfor this is the availability

of process and qualityata.The data are acquired during a design of experin{@uE) varying themost important process
parameters like the piston speed in the first and second phase, the switching point, the intensification pressureghe sprayi
time, the melt and die temperature etc. In contrast to the serial production the process parametesalgreontrolled, but

also stored for each cast part. Every casting has its identification number to relate the parts qualitp¢ceshelata. The
traceability can also be ensured with a RFID transponder that is inserted in the die and sulbrpahdsthum after the

shot. In @dition to the process parameters mamssesthat are monitoring the injection process pliacedat the casting
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unit, in the die and the vacuum urniithe positions of the sensors in the die are shovigitre6. The sensors in the die are
measuring the conditions directly at the surface of the die, which means thatdheyontact to the aluminum alloyhe

metal front contact sensors provide a signal when the melt touches the sensors. With a metal front contact sensor in the gate
and in the area of the last filling the position of the switching point andsing moment of the intensification pressuran

be supervisedlhe metal front temperature sensors measure the temperature on the surface ofutiegltbalinjection
process. Thisndicatesthe temperature distribution in the die afgbahe temperature development during the injection
Additionally to the sensors in the die two thermographic cameras are installed on the machine pkteshe die
temperature before and after sprayifbe cavity pressure sensors are measuring the pressure that is applied on the melt
during thefilling of the cavity and during the intensification phase. One pressure sensor was especially placed in the
squeezed region of the paftnew sensor that records the sound in the cavity during the filling phase was placed in the
movable dieTo measure the vibtionsof the piston during the first and second phase an acceleration sensor wasafplaced
the piston rodThis signal can be used to detect an irregular piston motion during the first phase and it provides an
acceleration profile during the filling phasend full potential of this sensor is not discovered and exploited until Tiogv.
so-called Multiairpipesensorsystem is integrated in the vacuum channel. Syfstem consistsf four different sensors that
aralyze the evacuated air concerning humidityichgs gas composition, vacuum pressure and air mass.

Thesensor signals are acquired with a resolutionkifld. The signals are displayed like tbhenventionakhot curvewith

piston stroke, piston speed and machine pressweliagram with the time ahe xaxis.Figure6 gives an overview of all
acquired sensor dat@he used sensors were developed by the project partner electronics GmbH, Neuhausen, Germany.

1000 5

E o900 \ 45
% 800 4
: \ [rumy
G 700 35
o
= [rrerryer==rey N _
ST 600 2
£ , , =
o0 I piston acceleration l 3
= S
§§ 500 ] g
2o | piston stroke | N
5 € k)
c & 400 G
=} - < o
3 | _piston speed ] l
S 300 / { ;
e 200 7
P
2 100
(0]
5 74

0 T T e T > T T 0

500 1000 1500 2000 2500 3000 3500

time [ms]

Figure 6: shot curve with additional sensor signals

QUALITY INVESTIGATIONS

To analyzehe same criteria dll castings auality control procedure watefined together with the University of Padua.

First ofall thewholecast pat was evaluated by a visual inspectidhe part was divided in genareas. The areas with

visible casting defects likeold shuts, incomplete filling dtow lines were rated with a value of four. Parts without visible
external defects were rated witlva@ue of oneFollowing the density of the whole cast part was measured by the
Archimedearprinciple to quantify the amount of porosity inside the casfiing next step on the quality control procedure is
the distortion measurement between the two arftiseocasting. After the investigation of the part in its entirety the part was
cut in 13 specimens.

Specimens -B arethe dome areas that were designed to have shrinkage pofb&ise areas were also analyzed witlay
andcomputer tomographtp make e porosity visibleFigure7 shows the average densities of the dome areas. Dome 1 near
the gate has the highest density. Dome 2 and 3 are placed on the armofekbhde part far away of the gate what leads to
a worse feedingfficiency. The density of dme 3 ismproved by a squeezer.
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Figure 7: Comparison of the density of dome areas

To analyze the mechanical properties of the part the thin walled specimens mdfigrded are used for a bending test.

RESULTS

CAVITY PRESSURE SENSOR

The caviy pressuresensor has been developed to measure the pressure that the metal apptiesisepositionof the die

in which the sensor is placed. This sensor allows to measure pressure of up to 2000 bar during the whole filling and
solidification procesdt is a membraneless pressure sensor based on quartz technology. The sensor can be used to control the
reliability of the pressure transmission through the molten metalinifpsrtant to consider that the sensoalide to provide a

linear signal onlyfor the first 5 seconds. Then the provided signal tends toaslvidl/,the measurement is nodvnfidential

anymore At each new cycle the new zero point is corrected and acosect measurement is achievgg].

A comparison of the different cavity pressisignals is shown iRigure8. Three pressure sensors are positioned in different
regions of the die (left ifrigure8). Pressure sensor P1 is at the top of the casting in the overflow of the cold shut specimen.
The pressure sensors P2 is placed at the shrinkage speci
s peci me n cladsatathe gatePwd different casting conditions are shown in the diagram. One part was casted with

140 bar machine pressure (third phase deselectedhanothempart was casted with Bdar machine pressuréo

differentiate betwerthe shots the curves with low intensification pressure are colored in shades of green and the curves with
a high intensification are colored in shades of oramge.machine pressure curves are colored in blue like it is standard in

the electronics moroting software. The highest metal pressure is detected by the cavity pressure sensor P3 during the shot
with high intensification pressuferangecurve,Figure8). The pressure declines after a short peak at the end filfitige

phase When the intensification pressure is increased the pressure sigeédézagain to a very high valughat stands for a

good intensificationThe pressure sensor P2 shows the sirbiédnavior but decreases in a shorter time duleetdigher

distance to the gate. The sensor signal P1 (yellow curve) shows a significant lower level than P2 and P3 because it is placed
in a thinwalled areaand the solidification process is finished imeay short time before the intensification pressure starts.

The density diagram on the top leftRigure8 showsas expectethat the intensified part has a higliensity tha the part

without intensification pressure. Tdee nsi ty of t he dsdower than Eh@ densiyfithe whvle paet becabBseg 6
they were designed especially to show shrinkage porositi.i
gating section where the pressure affects the specimen Iierthe low intensification pressure theepsure curve of

sensor P3light green curveligure8) shows nearly the same trebefore the intensificatiostarts depicted ithe orangeP3

curve The green cums of P2 and P&re falling after the end of the filling because the low pressure has no effect on the
sensor regionshe curves of the cavity pressure sensoesnonitoringthe pressure in different regions of the casting. They
provide information abouhe feeding efficiency and are helping to predict the density especially in thick areas of a cast part.
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Figure 8: Shot curve with cavity pressure sensor signal with intensification pressure (orange color of sensor signals)
and without intensification pressure (green color of sensor signals)

AIR MASS SENSOR

The air mass sensor that was developed by electrGmitsHto measure the mass flow during air extraction carrie¢drom

a venturivacuum systerin order to gather information on air extraction effectivengiseover this sensor can be used to
detect a failure in the vacuum systdB]. The Multi-airpipe sensesystem is connected to the vacuum charffiglre9

shows the sensor system attached on the machine plate of theol&@hamber machine of the foundry laboratory in Aalen.

Figure 9: Multi-airpipe-sensor-system assembled on the 750 t cold
chamber machine of the foundry laboratory in Aalen [4]



