






























On the last figure, it can be seen that the feeders are not high enough to give the 
metallostatic pressure needed to feed properly. The upper feeder, however, is close as 
the calliper to the left (at 45°) is fed, but the calliper to the right (at 30°) is not. Naturally, 
the top of the calliper at 30° lies slightly higher on the pattern plane than the calliper at 
45°. With active feeding applied to the upper feeder, the feeding issue is only relevant for 
the lower callipers. On the layout for bottom filling seen on Fig. 3, where active feeding is 
applied, the common feeder should be big enough to feed all the callipers.

Feeding, scale from 95 to 99.9%. The simulation indicates a small porosity on the lower 
calliper to the right.

Degree of modification (Strontium-level)
Sr-modification of thick cross sections is not the easiest task to solve successfully. 
Strontium (Sr) has been chosen in preference of Sodium (Na), as our customers prefer Sr. 
It is easier to handle and Control than Na, and it provides less load on the fumace lining 
and other equipment. It is known from literature that the effect of Sr is cooling rate 
dependent. In faet, Sr is considered to have a threshold cross section above which proper 
modification does no longer occur no matter how mueh Sr is added. Na, on the other hånd, 
seems to be independent of cooling rate.

As the brake calliper has several areas with a thick cross section, it has been a challenge 
to modify this calliper with Sr. It looks like the cross section limit for this part is around 
20-25 mm, meaning that further addition of Sr has no positive effect in this area. Below
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20-25 mm, a satisfactory modification can be achieved. Based on the experiments made 
with varying Sr-content, it is recommended to use 250-280 PPM Sr for optimum 
modification of this brake calliper (for casting in Silica green sand). Contents above 200 
PPM have been seen to result in overmodification (precipitation of AlSi2Sr) of the bulkiest 
sections but also in improved modification of less buiky sections. Overmodification leads 
to slightly reduced mechanical properties. But as the bulkiest areas are not the critical 
areas when it comes to mechanical load, 250-280 PPM is believed to give optimal 
mechanical performance.

Further, the cooling rate dependency of Sr can be observed by studying parts cast in Silica 
and Zircon sand, or with Silica and Chromite cores. A clear difference in modification can 
be seen. The stronger the cooling power, the better and more homogeneous the 
modification. This effect can also, although to a minor extent, be seen in the mechanical 
properties, piease see the paragraphs with results from mechanical testing.

Porosity
Porosity is one of the factors which is unwanted because of its damaging effect on 
mechanical properties, but it is difficult to avoid, especially in this kind of alloy combined 
with a relatively slow cooling in green sand. Several parameters influence porosity apart 
from alloying elements, namely also solidification time, melt treatment (degassing, grain 
refinement), and thereby also melt cleanliness, and pouring temperature (super-heat). 
Fighting porosity is thus a fight on many fronts.

The kinds of porosity found in green sand castings are very hard to quantify. Based on 
appearance, it seems like several types of porosity may occur:
• shrinkage; interdendritic, no oxides, can be a cluster-type
• shrinkage; interdendritic, with oxides along the inner surface, can be a cluster-type
• hydrogen holes; very round, shiny inside, can be caused by hydrogen in the melt or 

hydrogen pick-up from the water in the mould (is then located close to the mould 
surface)

• “Sr-holes”; may have varying shapes, very rough inside, appear in alloys containing 
Strontium

• Flat holes; may have varying shapes (not interdendritic, though), occurs always with a 
hard, transparent oxide along the inner surface

Obviously, these porosities will not be equally damaging for the mechanical properties. 
Therefore, some are more critical than others are. The precise effect cannot be assessed, 
as at least three of these types will usually occur simultaneously. The effect can only be 
attempted evaluated by the size, shape and connected inclusions. Another option is to 
compare micropolished samples from the same area as the test bar with fracture surfaces.
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This has been done in the present work, and sometimes it was found that the fracture 
surface contains much more interdendritic porosity than the polished sample. In other 
cases, inclusions are found in the fracture surfaces but not in the polished samples. This 
points to these features being very damaging for the mechanical properties, as the sample 
will fracture at the weakest point.

Results from casting trials
As the work on these brake callipers has been progressing over a long period, the results 
will also be shown as progressing over time.

Process data
Date Layout Process Moulding

sand
Core sand

Gating Orientation
10 Sep. 97 Gravity, choke removed, 

thinner downsprue, now 7 
mm (longer pouring time) 
and an inserted honey- 
comb filter, active feeding

straight S Silica Silica

llSep. 97 as 10.9.97 straight S Silica Silica
12 Sep. 97 as 10.9.97 straight S Silica Silica
15 Sep. 97 as 10.9.97 straight S Zircon Silica
16 Sep. 97 'as 10.9.97 straight s Zircon Silica
17 Sep. 97 as 10.9.97 straight s Zircon Silica
24 Nov. 97 Gravity angled s Zircon Silica?
25 Nov. 97 Gravity, active feeding (?) angled s Zircon Silica?

23 Jan. 98 Gravity, active feeding angled s Zircon Chromite 
(not coated)

20 May 98 Bottom, a ø30 rod to 
connect the upper and 
lower feeder has been 
added

angled p Silica Silica

26 May 98 Bottom, active feeding.
The middle rod between 
the two feeders has been 
increasedfrom 030 to 040 
mm, and the two upper 
callipers have each been 
supplied with an overflow. 
Vents from core prints 
added.

angled p Silica Chromite
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Date Layout Process Moulding
sand

Core sand

Gating Orientation
4 June 98 Bottom, The feeder has 

been increased in size at 
the top. No active feeding.

angled S Silica First 4 with 
Chromite 

cores, next 
10 with 

Silica cores
16 June 98 Gravity angled S
24 Aug. 98 Bottom, the two lower 

callipers have been shifted 
upward on the pattern 
plate,latest

4 in 45° S Silica Silica

8 Sep. 98 Bottom, the two lower 
callipers have been shifted 
upward on the pattem 
plate,latest

4 in 45° S Silica Silica

S is short for Striko fumace, which is a low-pressure pouring fumace
P is short for Electromagnetic Pump

Chemical composition
Date Si, % Mg, % Sr, PPM Ti, % Fe, %
10 Sep. 97 8.17 0.284 96 0.096 0.092
11 Sep. 97 7.84 0.295 166 0.102 0.095
12 Sep. 97 7.74 0.298 233 0.108 0.094
15 Sep. 97 7.65 0.299 142 0.108 0.1
16 Sep. 97 7.4 0.302 130 0.119 0.106
17 Sep. 97 7.34 0.305 262 0.117 0.101
24 Nov. 97 T44 0.375 95 0.117 0.118
25 Nov. 97 7.32 0.381 297 0.126 0.113
j23 Jan. 98 7.09 0.344 179 0.033 0.095
20 May 98 6.88 0.337 250 0.087 0.155
26 May 98 6.73 0.429 264 0.085 0.148
4 June 98 6.76 0.393 205 0.053 0.11
16 June 98 6.81 0.4 254 0.093 0.103
24 Aug. 98 7.1 0.363 225 0.126 0.136
|8 Sep. 98 7.39 0.338 336 0.131 0.143

Other relevant data
Date DI, % Degassing Grain

refinement
Pouring temp.

10 Sep. 97 0.38 N2, N48, 
10 l/min

no 702-704

11 Sep. 97 0.76 N2, N48, 
10 l/min

no 702-704

12 Sep. 97 0.75 N2, N48, 
10 l/min

no 703-704

15 Sep. 97 0.75 N2, N48, 
10 l/min

no 703-704
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Date DI, % Degassing Grain
refinement

Pouring temp.

16 Sep. 97 1.13 N2, N48, 
10 l/min

no 700-703

17 Sep. 97 0.75 N2, N48, 
10 l/min

no 701-704

24 Nov. 97 Ar N50, 8 
l/min

no 690

25 Nov. 97 1.5 ArN50, 
10 l/min

yes
(AlTi5Bl)

690-694

23 Jan. 98 1.88 or 
lower

Ar N50,8 
l/min

AlTi3Bl 693

20 May 98 2.25 N2, N48,6 
1/min

no 696-703

26 May 98 (high) N2, N48 5 
1/min

AlTi3Bl 724-739

4 June 98 1.5 7 l/min AlTi3Bl 703

16 June 98 1.13 (1.88 
w/Cu)

Ar, 5-7 
l/min

AlTi3Bl 700

24 Aug. 98 1.88 Ar, 8 
l/min

AlTi3Bl 690

8 Sep. 98 1.13 Degassing
ovemight

yes 690

Visual inspection
The visual inspection is always the first to be done after a trial. This can reveal surface 
shrinkage or other defects with the casting. If such defects are seen, it is usually decided 
to try to correct them before any further tests are made.

Microstructure
If the visual inspection of the part was good, some castings were picked for 
micropolishing. Features of focus in the microstructure are porosity, modification and if 
the Fe-level is above 0.13%, also the Al5FeSi-phase, which is long and needle-shaped and 
therefore makes the material brittle.
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Date Microstructure
10 Sep. 97 96 PPM Sr in Silica sand gives an insufficient 

modification
11 Sep. 97 233 PPM Sr does not give a better modification 

than 166 PPM Sr but causes overmodification 
in the bulkiest section and more porosity at the 
surfaces close to the mould and the core

12 Sep. 97
15 Sep. 97 Less porosity than in Silica, more homogeneous 

modification
16 Sep. 97 Less porosity than in Silica, more homogeneous 

modification
17 Sep. 97 Less porosity than in Silica, more homogeneous 

modification, but 262 PPM Sr in Zircon sand 
causes overmodification in the bulkiest section

25 Nov. 97 Less oxides and microporosity than 23 Jan.
1998

23 Jan. 98 Shrinkage/microporosity. Only hard type oxide 
in No. 7 (the porosity looks cleaner in No. 7 
compared to No. 3). Oxides/thin films in No. 3. 
Less porosity in the bulky part. Poor 
modification despite Sr-level.

20 May 98 Some porosity, wide spread, but still with a 
higher concentration along the edges (both to 
the core and mould side). Also shrinkage. D45 
generally looks better than C30.

26 May 98 Spread porosity, oxides, "Sr-holes", medium 
modification. Does not look particularly good. 
Was tested mainly for curiosity reasons.

4 June 98 No. 10 (Silica core): spread microporosity, 
concentrated at the surfaces, modification in 
homogeneous. Many tertiary phases. No. 2 
(Chromite core): Very little porosity.

24 Aug. 98 Porosity-wise probably the best so far. Still 
microporosity, and still concentrated towards 
the surfaces.
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Fracture causes
Date Sand Core DI, % Fracture surface (fracture cause) Pouring temp.

°C
20.5. Silica Silica 2.25 Many areas with interdendritic porosity, 

of which some are big, many fine oxides
696

26.5. Chro
mite

?
(high)

Interdendritic porosity dominating, also 
many fine oxides, of which some are 
“big”.

728

4.6. Chro
mite

1.5 Interdendritic porosity, few fine oxides. 703

Interdendritic porosity about 1/3 of the 
diameter + 3 minor areas. 2/5 times two 
in the other half with short distance in- 
between.
Interdendritic porosity (less than 
above) + fine (big) oxides.

Silica Interdendritic porosity, more flat 
topography.
Interdendritic porosity Vi of the diameter 
from the surface, very deep hole.
More areas with interdendritic porosity, 
fine oxides just as (or more) dominant, 
one deep gas hole.

16.6. 1.13
1.88
w/Cu

Without Cu: In some samples, the 
interdendritic porosity is clearly 
dominating compared to fine oxides. In 
others the fracture cause is very difficult 
to determine. With Cu: Interdendritic 
porosity clearly dominating compared to 
fine oxides.

24.8. 1.88 No dominating factor, some fine oxides, 
some areas with interdendritic porosity.

8.9. 1.13 No clear fracture cause. A few small 
areas with interdendritic porosity. Some 
fine oxides, mainly small, a few "big”.

Mechanical properties
The customers have slightly varying opinions about which mechanical properties are 
required. Most people we have been in contact with, however, have requirements within a 
certain range, which is as follows:
Elongation, A5, > 3%
Yield strength 215 - 240 MPa 
Ultimate tensile strength 260 - 300 MPa
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Properties in this range are thus the goal. Reaching these properties is a true puzzle. In 
order to get the strength, Mg-addition is necessary. However a Mg-addition increases the 
solidification range, and can thus increase problems with porosity. Porosity in tum will 
usually result in lower mechanical properties. Another possibility for tailoring the 
mechanical properties, is variation of the heat treatment. Still, a dilemma persists, 
changing the heat treatment to get more strength will usually result in lower elongation, 
changing it to get ductility will usually result in lower strength.

/YyidJaYResults from September 1997 
Results from varying the Sr-level and the moulding material

T'- fQ | <5

Moulding sand Sr level, PPM Position As, % YS, MPa UTS, MPa
Silica sand 96 At ingate 4.3 195 233

Opposite ingate 2.8 195 246
166 At ingate 2.8 195 226

Opposite ingate 4.3 195 233
233 At ingate 2.8 187 217

Opposite ingate 2.8 187 224
Zircon sand 130 At ingate 4.3 195 252

Opposite ingate 2.8 203 245
142 At ingate 4.3 195 246

Opposite ingate 2.8 187 214
262 At ingate 5.7 203 259

Opposite ingate 4.3 195 234
Total average 3.7 194 236

Average values for Silica and Zircon sand:
Moulding sand a5,% YS, MPa UTS, MPa

Silica sand 3.3 192 230

Zircon sand 4.0 196 242
It is seen that there is a small difference in UTS, an insignificant difference in YS and a 
small difference in elongation, which must be referred to inaccuracy in the elongation as 
the reading was made with an accuracy of 0.5 mm.

Average values for the two different positions:
Position Af,, % YS, MPa UTS, MPa

At ingate 4.0 195 239

Opposite ingate 3.3 194 233

Only minor differences are observed.
Thus, no significant differences can be seen with the same arguments as above.
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Mechanical properties vs Sr-content 
September trials

250

■ YS, MPa 
A UTS, MPa 
♦ A5, %

Sr-content, [PPM]
As can be seen on the chart above, variations in mechanical properties with Sr-level are 
not observed. As none of the variables examined seem to be determining for the 
mechanical properties, there must be another determining factor. This factor is thought to 
be the fine oxides introduced during pouring, as these are known to be damaging to the 
mechanical properties and as the pouring method has been the same in all trials.

Results from November 1997
Gating from the 
piston side, two 
angles

a5,% UTS, MPa

24 November 4.0 227
25 November 4.9 238

The change of the layout has not resulted in a major improvement in mechanical 
properties. A small improvement in elongation is seen, which can also be attributed to the 
Zircon sand.

January 1998
Based on the results from November 1997, it was decided to make some trials with 
Chromite cores in Zircon sand. But because the microstructure on 23 January 1998 looked 
considerably worse with regard to porosity than on 25 November 1997, it was decided not 
to test the parts from 23 January mechanically.
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Another interesting thing was observed: A calliper from two different moulds were cut 
and examined. Fines oxides connected with porosity was only found in one calliper. The 
only difference between these two moulds, was that just before pouring the mould in 
which the fine oxides were found, there was an electrical shortcut causing the melt in the 
filling tube to go down to the base level in the fumace. Before casting the other mould, 
the melt level only went down to the top of the filling tube. This could point to the fine 
oxides being transported into the mould from the filling tube or being created while the 
melt rises or falis in the filling tube.

Results from May-June 1998
Date Sand Core DI, % Mg,

%
Pouring 
temp. °C

Feeding Pouring A5,
%

YS,
MPa

UTS
MPa

20.5. Silica Silica 2.25 0.34 696 Active Pump, 3.7 226 250
active 3.7 226 246

4.4 243 256
4.1 100 118

26.5. Chromite 0.43 728 Active Pump, 3.2 238 261
high active 3.4 228 247

3.5 248 265
3.2 237 259

4.6. Chromite 1.5 0.39 703 Gravity Striko, 3.7 256 270
gravity 4.2 257 286

1.4* 240 248
2.3 237 254

Silica 3.4 240 264
0.9* 241 243
1.1* 240 250
1.4* 240 261

* The poor elongations seen on 4 June could have been caused by an error in the
machining of some of the test bars from this day. They have, however, been included in 
the calculation of average values below.
The results marked in italics seem to be from one bad test bar, and these have not been 
included in the calculation of average values below.
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Average values A„% YS, MPa UTS, MPa
20 May 1998 3.9 232 251
26 May 1998 3.3 238 258
4 June 1998 2.3 244 260

These results have been plotted versus pouring temperature, Mg-content and type of 
core.

Mechanical properties vs pouring temp.
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The pouring temperature cannot be claimed to have a significant influence, based on these 
results. Other parameters may be dominant. QI is a quality index calculated as QI = UTS 
+ 150 log (As)

Mechnical properties vs Mg content
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Despite the differences in pouring method and layout, which were expected to be 
dominating factors, it can be seen very clearly from this chart that strengths are increased 
with Mg-content, while elongation is decreased with increasing Mg-content, "just after 
the book!”
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The chart above shows that better mechanical properties have been achieved with 
Chromite cores compared to Silica cores.

As values from 4 June are with both Silica and Chromite cores, the averages for each of
these have been calculated.
Bottom gating 
(4 June 1998)

As,% YS, MPa UTS, MPa

Chromite core 2.9 248 265
Silica core 1.7 240 255

Chromite cores seem to improve mechanical properties a little. An error in the machining 
of some of the test bars from this day could have caused the poor elongations seen on 4 
June. Therefore these results may be connected with higher inaccuracy than usual.

On 16 June 1998 another parameter was tested, namely the Cu-content.
Gravity pouring 
(16 June 1998)

a5, % YS, MPa UTS, MPa

Without Cu 2.7 242 267
With 0.1% Cu 2.2 236 258

As can be seen, the best mechanical properties were achieved without Cu. It could be
because of the addition of Cu causing an increase in solidification range making feeding 
more difficult. Thus, it has been proven that there is no need to add Cu.

Results from August-September 1998
Bottom gating, 
improved layout

A5, % YS, MPa UTS, MPa

24 August 1998 4.2 237 269
8 September 1998 4.9 230 271

The differences between 24 August and 8 September are mainly a lower density index 
(DI) and a higher Sr-content on 8 September. It looks like these two parameters mainly
affect the elongation.
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The fracture surfaces imply that a feeding issue has been solved with the latest change in 
the layout, as almost no interdendritic porosity has been seen in the fracture surfaces 
from August and September. This is also supported by the results as these are the hest so 
far, and they clearly fulfil the need for at least some of the customers.

Discussion
There is, for once, an overwhelming amount of data available which reveals the enormous 
amount of work put into these brake callipers over a long period. Interpreting the results 
is very difficult, because so many factors have been varied. The many parameters 
involved result very easily in a blurred picture, which it is very hard to see some “real 
results” through. However an effort has been made in trying.

Even though shrinkage porosity is typically seen in the brake callipers, it should be noted 
that it occurs also at the surfaces close to the core and the green sand mould. As the bulky 
parts (with a certain distance from both the core and the mould) typically contain less 
porosity, the phenomenon is considered to be a local feeding problem, perhaps caused by 
a reaction between the melt and the mould or the core. The faet that the bulky part of the 
calliper typically contains less porosity points toward it being a micro-feeding issue rather 
than a macro-feeding issue. If it had been a macro-feeding issue, it would have been 
expected that the bulkiest part of the casting would contain more porosity than the 
thinner sections.

The higher elongations on 8 September compared to 24 August may be attributed to 
several different factors. It could be because of the lower Mg-content, which is supported 
by the May-June trials. It could also be because of the lower DI, and finally it could also be 
due to the higher Sr-content. Studying all the data available, the DI is not a dominating 
factor. No relation between DI and elongation can be found. Neither can a convincing 
correlation between the Sr-content and the elongation be found. However, a relation 
between Mg-content and yield strength with a R2-value of 0.80 has been established for all 
trials where the mechanical properties were measured. Piease see the following chart:
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Mechanical properties vs Mg content
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MAGMAsoft simulations
As the results from the trial series in September 1997 indicated that the determining 
factor(s) had not been found yet, some simulations were made in order to see which 
influence different ways of gating would have on the solidification of the brake calliper. 
Further, the calculations were also made for several combinations of moulding material 
and core material. The results are shown in the following.
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Temperature gradients for gating at the “ears”, Silica sand. The full colour scale goes 
from 0 to 0.2°C/mm. The shown colours are gradients below O.rC/mm.

Temperature gradients for gating at the piston, Silica sand. The full colour scale goes from

0 to 0.2°C/mm. The shown colours are gradients below O.rC/mm.
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Temperature gradients for gating at the piston, Chromite sand and core. The full colour 
scale goes from 0 to 0.2°C/mm. The shown colours are gradients below O.rC/mm.

Temperature gradients for gating at the piston, Silica mould, Zircon core. The full colour

scale goes from 0 to 0.2°C/mm. The shown colours are gradients below O.rC/mm.
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Temperature gradients for gating at the piston, Silica with chilling fin. The full colour 
scale goes from 0 to 0.2°C/mm. The shown colours are gradients below O.rC/mm.

Temperature gradients for gating at the piston, Silica with chili between the “ears”. The

full colour scale goes from 0 to 0.2°C/mm. The shown colours are gradients below

0.1°C/mm.
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Conclusions from the simulations
The simulations show that areas with temperature gradients below 0.1 °C/mm cannot be 
avoided through change of gating, change of moulding or core material (differentiated 
cooling). From these simulations, it looks like the determining factor could in the end 
actually be the geometry of the calliper.

Micropolished samples have been cut specifically to look for slower cooling in the areas 
indicated on the simulations. In doing so, no evidence was found that these areas cool 
slower, as no coarser microstructure was found, and neither was more porosity found. On 
the contrary, most porosity was found toward the centre at the core. This could be 
because of slower cooling, or it could also be caused by gas development from the core.

Conclusion
As there are so many parameters, which have been varied during the trials, it seems to be 
most sensible to make conclusions from trials in groups where less parameters have been 
varied.

Conclusions from the trials in September 1997

Srasa modifier for brake callipers 
96 PPM Sr in Silica sand is insufficient
233 PPM Sr in Silica does not give better modification than 166 PPM Sr in Silica but gives 
overmodification in the bulkiest section and more porosity at the surfaces close to the 
mould and the core.
262 PPM Sr in Zircon sand gives overmodification in the bulkiest section.

Sr can give a modification effect just as good as Na, up to a certain cross section. It is, 
however, very difficult to get a homogeneous modification with Sr, especially in thick 
cross sections but also in thinner cross sections when compared to Na. Sr by itself gives a 
lower depression of the eutectic temperature than Sodium. To get the same effect as for 
Na, it is necessary to combine Sr with a high cooling rate. This is supported by the faet 
that it looks like Zircon sand gives a more homogeneous microstructure than Silica sand. 
The effect of Sr is improved when combined with high cooling rate.

The faet that no variation of mechanical properties was seen with the Sr-content is 
thought to be because this effect has been overshadowed by another factor, not yet found.

Subsurface porosity
There seems to be a connection between the Sr-level and the level of subsurface porosity, 
but this has not been clearly identified. The tendency goes towards more subsurface 
porosity with more Strontium.
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Influence of the filter and thinner downsprues on oxides
There does not seem to be a significant effect of the filter and the thinner downsprues on 
the level of oxides. The fine oxides are introduced during pouring and are neither caught 
by the thinner downsprue nor the filter. A better pouring should eliminate this problem.

Effect of Zircon sand versus Silica sand
Zircon sand results in less porosity in the parts and a more homogeneous modification 
compared to Silica sand.

Feeding
As there is no visible difference between the upper (with active feeding) and the lower 
(gravity feeding) calliper, it is concluded that the active feeding works just as well as 
gravity feeding, but resulting in a higher yield. The macro feeding seems to work well in 
both cases with the present layout. There may be a local feeding problem in the area 
corresponding to the top of the ø7 mm part of the test bars. This is not clear.

Further action
A calmer pouring should be tried to see how determining this factor is for the level of fine 
oxides and connected porosity. It should also be checked which mechanical properties 
could be achieved if these are avoided.

It could be very interesting to identify the parameters involved and also the certain 
combination in properties/setting for these parameters that result in the microstructure 
observed at the surfaces close to the mould and the core.

Conclusions from November 1997
The pouring was improved so turbulence in the pouring cup was avoided. This may have 
caused the slightly improved elongations. However, the whole layout was changed and 
therefore the improved ductility could also have been due to the new layout.

Conclusions from May-June 1998
• Pouring temperature does not seem to have a clear effect.
• Mg is seen to have a clear influence on the mechanical properties. This is seen despite 

the variations in process and core material. Therefore it is considered a dominating 
factor especially regarding the strengths.

• Chromite cores seem to improve the mechanical properties (both strengths and 
ductility), compared to Silica cores.

• Cu does not have a positive effect on the mechanical properties, rather a negative 
effect on both strengths and ductility.
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Conclusions from August-September 1998
• Also from these trials, can be seen that Mg has a clear influence on the yield strength. 

Here, however, no influence on the ultimate tensile strength is seen.
• The variation in elongation can be attributed to the difference in Mg-content, DI or Sr- 

content.

Conclusions from all the trials
Only the Mg-content is found to be a partly dominating factor, and it can clearly be seen, 
that we do not get the properties just by having the Mg-content right. Therefore, it must 
be clear, that it is mandatory to have a very tight process control with all parameters 
optimised, in order to get the best possible and satisfying results.
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