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From X-shaped to Cold Runner Layout
with Virtual Molding

Upfront mold optimization for LSR applications with virtual molding In a four-cavity LSR mold, CVA Sili-
cones, from France, was able to reduce scrap production, optimize thermal layout and avoid costly quality
issues by using virtual molding software.

he demand for liquid silicon rub- The Health Care and Consumer
Tber (LSR) products is growing. market grows and shows a gro-

Particularly in the medical and wing demand for silicone pro-
baby care markets, its high thermal ducts.

stability and very good physiological
properties make LSR the material of
choice for an ever increasing num-
ber of applications. However,
molding LSR can be challen-
ging: because it is a reactive
material, the processing win-
dow is narrow and the scrap
produced cannot be re-pro-
cessed. Also a proper mold
venting is paramount to avoid

air traps. The position of welding
lines and filling patterns, such as
jetting, can affect the final product
quality. Additionally, a proper mold
tempering must be guaranteed du-
ring the whole molding cycle, in order
to ensure a cost-efficient cycle time
and a good product quality.

In order to maximize profit and re-
duce scrap, it is important to get a deep
understanding of the complete process
and to anticipate possible problems, in-
cluding the flow and curing behavior,
as well as the tempering conditions
through the complete molding process.
CVA Silicone, based in Saint Vidal,
France, reached out to Sigma to sup-
port the decision making process in a
new four-cavity mold to produce sili-
con nipples. Sigmasoft Virtual Molding
was used through each stage during
mold development, to evaluate the
runner design, the mold tempering and
the overall efficiency of the molding
system.
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Figure 1a (I.): Initial runner configuration with a conventional runner produced 52% of scrap. Figure 1b (r.): An optimized cold runner layout eli-
minated scrap production. An iteration with Sigmasoft Virtual Molding produced the optimum layout.

In a first approach, an X-shaped run-
ner configuration, as seen in Figure 1la,
was foreseen. As a traditional runner
was to be used, the X-shape minimized
the scrap produced. The channels were
cylindrical with a minimum diameter
of 4 mm. The runner volume represen-
ted 52% of the total shot volume.

Finding the best runner

A first filling analysis with this configu-
ration showed furthermore that weld
lines would appear along the part, as
seen in Figure 2, an undesirable out-
come both for mechanical integrity
and part aesthetics. The alternative of
using a cold runner was considered. In
a cold runner, no material reticulation
takes place, and therefore no scrap is

produced. However, due to the additi-
onal investment required, the feasibili-
ty of this approach had to be carefully
evaluated.

The Software for virtual molding
was used to evaluate different cold
runner layouts. Several iterations were
done virtually, where the parameters of
balanced filling, pressure drop, flas-
hing, clamping force and curing time
were evaluated. In this iterative analy-
sis, the mold was considered just as it
works in reality, with all its compo-
nents, each one with its own material
properties. The optimal runner confi-
guration, which minimized pressure
drop and flashing while ensuring an
optimum thermal performance, was
found to be as presented in Figure 1b.

The mold configuration used for the
analysis is presented in Figure 3. The
cycle time, energy efficiency and pres-
sure required confirmed the alternative
as economically viable, and an impor-
tant reduction of 52% in volume per
shot was achieved.

Curing: the result of a complex
thermal interaction

Once the optimum filling concept was
found, an analysis of the thermal mold
performance was approached. In this
case, the objective was to obtain the
real mold temperature, at each point
and each step over the molding process,
to predict the energy available for cu-
ring the LSR material. The mold was
reproduced just as in reality, with all

Figures: Sigma Engineering
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Figure 2: The initial X-shaped runner configuration,
where the part is side-gated, produced undesired
weld lines along the part.

Figure 3: The complete mold configuration, including the cold runner system, is used
for the optimization.
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Figure 4: Thermal distribution in the real mold. The separation between cold and hot mold re-

gions is evident.
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Figure 5: Real temperature distribution in the movable mold half. A significant gradient is built

between the part’s bottom and tip.

components (as seen in Figure 3) over
several molding cycles. The same pro-
duction parameters as in reality were
used: filling and curing conditions, even
including the non-productive times bet-
ween cycles. The mold starts from room
temperature, and is tempered by the
heating cartridges present. Several cyc-
les are “run” virtually, just as in the in-
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jection molding machine, until the sys-
tem achieves a quasi-stationary thermal
state — the same that in reality would
produce consistent part quality. In Figu-
re 4, the separation between the hot
and cold regions of the mold is evident.
Visualizing this behavior it was possible
to improve the geometries of heater
bands and to plan the positioning of

. ZUSAMMENFASSUNG |

LSR-Spritzguss-Simulation
optimiert Verfahren und senkt
Ausschuss

Um den Herausforderungen in der LSR-Ver-
arbeitung zu begegnen, setzt CVA Silico-
nes, Frankreich, auf Sigmasoft Virtual Mol-
ding. Mit Hilfe der Software konnte nicht
nur die Bauteilqualitat verbessert werden,
sondern es wurden auch kostspielige
Werkzeugiterationen und Trial-and-Error-
Versuche vermieden.

Sigma ausgezeichnet mit Giitesiegel
»Innovativ durch Forschung“

Der Stifterverband fiir die Deutsche Wis-
senschaft zeichnet die Sigma Engineering
im September 2014 mit dem Gutesiegel
sInnovativ durch Forschung® aus. Das Sie-
gel ist eine Wiirdigung des Stifterverbands
fiir forschende Unternehmen in Deutsch-
land. ,Um unseren Kunden ein Produkt zu
liefern, das sie bei ihren taglichen Heraus-
forderungen unterstiitzt, ist eine stetige
Weiterentwicklung fiir uns als technolo-
giegetriebenes Unternehmen sehr wichtig.
Aus diesem Grund investieren wir kontinu-
ierlich in Forschung und Entwicklung und
arbeiten eng zusammen mit Universitaten
und Forschungseinrichtungen®, erklart

Dr. Gtz Hartmann, Geschaftsfiihrer der
Sigma. ,,Unsere Ertrage werden komplett
in die Entwicklung investiert, um Innovati-
onen voranzutreiben®, fligt er hinzu.
Gemeinsam mit ihren Partnern engagiert
sich das Unternehmen regelmaRig in For-
schungsprojekten, um die Kunststofftech-
nik voranzutreiben. ,,Das ist unsere Moti-
vation®, erganzt Dr. Hartmann. Daneben ist
Sigma auch in zahlreichen Verbanden
aktiv. ,Hier bietet sich uns die ideale
Gelegenheit zum Austausch lber aktuelle
Entwicklungen. Gleichzeitig erfahren wir,
vor welchen Herausforderungen die
Kunststoffverarbeitung steht, und kénnen
so festmachen, wo eine Weiterentwick-
lung besonders wichtig ist, erklart

Dr. Hartmann.

sensors in the system. In Figure 5, the
temperature distribution in the movab-
le mold half is presented. This is the
real temperature found after several
molding cycles, produced by the inter-
action of the heating system, the mold
material, the cold runner and the inco-
ming cold melt. As seen, there is a sig-
nificant temperature gradient in each
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part; while at the bottom of the cavity
the temperature is around 160°C, at the
nipple tip it was almost 20°C colder.
This large temperature gradient indu-
ced variations in the curing behavior
and increased the theoretical cycle time.
For comparison purposes, the curing
results achieved with a homogeneous
mold temperature of 160°C are presen-
ted in Figure 6a. Under this ideal scena-
rio, a curing time of 30s is required. In
Figure 6b, the curing results produced
with the real mold temperature are pre-
sented, making evident that at 30s only
43% of curing has been achieved on
the part’s tip. Without this evidence the
part performance would have been
compromised, leading to costly deci-
sions and most likely several blind iter-
ations on the real mold would have
been required to find the reason for
part failure. Sigmasoft Virtual Molding
can replace a real machine to do part
and mold optimization in LSR injec-
tion molding, and important decisions
about mold layout, productivity and
part quality can be addressed based on
a solid background. Several concepts
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Figure 6a (l.): Curing degree at the nipple-tip after 30s with a homogeneous mold temperature
of 160°C. Figure 6b (r.): The real curing degree after 30s is only 43% with the mold temperature

presented in Figure 5.

can be tried in short times and at low
costs, substantially reducing iteration
in the production floor. Finally, resourc-
es are saved, increasing the profitability
of production processes and liberating
machine and personnel capabilities for
further growth. With the help of the
software CVA Silicones could improve
their parts and avoid quality issues. Ad-

ditionally, as variations in mold design
and process set-up could be safely tried
on the computer upfront, costly mold
iterations and trial-and-error at the start
of production were saved as well. ]
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