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Abstract
Conventional thinking let European mould
makers choose for a standard, well-established
strategy: make the mould the hardest possible. In
our actual global economy however, the
price/performance ratio has become essential to
keep a place in this increasingly competitive
market, especially in the case of smaller batch
sizes. This paper studies the influence of tool
manufacturing method and tool materials on tool
wear and tool life in plastic injection.

•

Determine if there is a correlation between
the hardness and the wear resistance of
the rapid tooling material.

•

Compare the limits of conventional and
rapid tooling production techniques.

The approach
To achieve the goals it was decided to work
with four different materials converted by two
different production techniques:

A product with several wear sensitive elements
was developed to be moulded with a glass filled
polymer (PA6 GF30). An exhaustive dimensional
inspection program was set up to monitor the wear
resistance. The test mould contained 4 inserts
made in different materials and by different
production techniques. Two inserts were produced
by rapid tooling techniques: one was selective
laser sintered[3],[4] from Laserform ST-100 polymer
coated steel powder[5] (3D-systems), the other was
produced by direct laser melting[6] in Directsteel
20V1 (EOS). The two other inserts were produced
conventionally by milling in tool steel 1.2312 and
aluminium.

•

material: Laserform ST-100, technique:
SLS (Selective Laser Sintering)

•

material: Directsteel 20 V1, technique:
DMLS (Direct Metal Laser Sintering)

•

material: Tool steel 1.2312, technique:
milling

•

material: Aluminium, technique: milling

Experiment setup
Design[1]

The result of the wear test showed a clearly
different behaviour of the materials with a
remarkable wear resistance ranking.

Regarding the goals of the study these
conditions were set:
•

Introduction
The goal

•

The goal of this study is:
•

Make a comparison between conventional
moulds and rapid tooling[4] moulds.

•

Determine the lifetime of rapid tooling
moulds.
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The injection moulded shape and the
mould should be designed to ensure wear
of the mould. The design should also
ensure that it is feasible to measure the
degree of wear.
It is also essential that the injection
moulding cycle time is as low as possible
because the lifetime of a rapid tooling
mould is estimated at about 50.000 shots.
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These conditions have led to the following
design:
ejectors

submarine gate

inserts
little pins

Fig. 3.
Fig. 1.

Points to be measured

Number
12
(Fig.
measurement of the gate:

The cavity setup

A first wear sensitive element in the design is
the submarine gate (Fig. 1). As shown in Fig. 2
the area A is under great stress when the part is
ejected from the mould, therefore a lot of wear in
this particular area is expected.

3)

indicates

the

Measurement strategy (Fig. 4):
•
•

First we take a picture of the gate
In a next phase we perform a
measurement on the picture
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A

1

Fig. 2.

Stresses in the neighbourhood of the
[2]
submarine injection gate
Fig. 4.

A second place in the mould where a lot of
wear is expected is at the surface of the inserts
(Fig. 1). This would be due to the change in
direction of the polymer meltflow on these
particular places. To simplify the measurement of
the wear, these inserts are integrated as
removable inserts.

Measurement setup for the gate

Number 7 (Fig. 3) indicates the measurement
of the distance between the mould cavity and
the runner. The measurement strategy is similar
to the previous one (Fig. 5).

A third place where a lot of wear is assumed is
at the ejector attached to the submarine gate
(Fig. 1). The reason could be the friction between
the mould material and the product material (PA6
GF30) during ejection.
As mentioned in the goal of this study we
would also like to compare the limits of
conventional and rapid tooling production
techniques. To be able to make this comparison
we integrated three little pins (Fig. 1) with
respectively diameters of 0.3mm, 0.5mm and
0.7mm in the mould inserts.

Fig. 5.

Measurement setup runner - mould cavity

Number 15 and 13 (Fig. 3) indicates the
measurement of the inserts.
Measurement strategy (Fig. 6):
•

Evaluation parameters[1]

•

To be able to perform the wear measurements
on the mould, measurement procedures were
prepared during the design phase.(Fig. 3).
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First we take a picture of the front view of
the inserts
If there are traces of wear in the front view,
we take a picture of the top view of the
inserts to be able to measure the quantity
of wear
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Measurement setup for an insert
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Number 8 (Fig. 3) indicates the measurement
of the diameter of the three little pins Ø 0.3mm,
0.5mm and 0.7mm. The measurement strategy is
similar to the previous ones (Fig. 7).

Fig. 9.

Gate wear: measurement of the gate

Conclusions
-When we analyse the pictures of Directsteel
20V1, aluminium and tool steel on Fig. 8, we
clearly notice wear in the neighbourhood of the
gate.
-When we analyse the measurements of the
diameter of the gate, we can conclude that the
diameter of the gate clearly increases for
Directsteel 20V1 and aluminium (Fig. 9).

Fig. 7.

Measurement setup for the little pins

Cavity - runner (number 7 Fig. 3)
Laserform

Directsteel

Aluminium

Tool steel

Results
Most of the results are summarized into tables.
The first row shows the condition of the inserts at
the start of the experiment (0 shots), the second
row shows the condition of the inserts at the end of
the experiment (after 50.000 shots).

Fig. 10. Wear cavity - runner
slijtage aanspuitkanaal-vormholte
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Fig. 11. Cavity - runner wear: measurement of
distance between cavity and runner
Fig. 8.

Conclusions

Gate wear

-The study of Fig 10 shows that there is wear
on the inserts made of Directsteel 20V1,
Aluminium and tool steel.
-The analysis of the graph on Fig. 11 tells us
the same story as the pictures.
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Insert (number 15 and 13 Fig. 3)
Laserform

Direct Steel

Aluminium

Tool steel

Fig. 14. Feasibility and wear for the three little pins
(production technique: SLS)
Fig. 12. Wear of the insert

Conclusions
-In none of these pictures (Fig. 12) we see any
wear on the surface of the inserts. This leads to
the conclusion that the direction change of the melt
flow is not a cause for wear of the mould surfaces.

Ejector at the submarine gate
Laserform

Directsteel

Aluminium

Tool steel

Fig. 15. Feasibility and wear for the three little pins
(production technique: milling)
Fig. 13. Wear of the ejector at the gate submarine

Conclusions

Conclusions

-With the production technique SLS in
Laserform ST-100 it was not possible to build the
pins (Fig. 14 ).

- At the ejector hole in aluminium (Fig. 13) a lot
of wear is noticed witch even led to the
replacement of the aluminium insert after 40.000
shots because the wear at the gate was so high
that further production with this insert, was
impossible.

-The pin of 0.7mm was present in the cavity
made by DMLS in Directsteel 20V1 at the
beginning of the test but failed during the first 50
shots (Fig. 14).

-The insert made of Directsteel 20V1 (Fig. 13)
depicts a lot of wear also, but not in those
proportions that it had to be replaced.

-It was possible to make the pins of Ø 0.5mm
and 0.7mm with the conventional techniques.
These details lasted for more then 15.000 shots in
the cavity made from tool steel (Fig. 15).

-The wear on the other two inserts (Fig. 13) is
present, but not worth mentioning.

Conclusion

Three little pins (number 8 Fig. 3)

Wear in the cavity is strongly influenced by the
place and shape of the cavity. The pictures
showed a lot of wear in the neighbourhood of the
gate but almost no wear at the inserts. Therefore
we can conclude that the wear in this study is
mainly caused by friction between the mould and
solidified product material and not by the flow of
the melt in the cavity. Therefore it would be useful
to compare these test results with the results of a
pin on disk test (the principle of this test is shown
in Fig. 16). This test can be performed faster and
more easily than producing 50.000 shots.

Comparing the limits of conventional and rapid
tooling production techniques was also mentioned
as one of the goals of this study. As described in
the previous chapter three little pins are integrated
in the cavity to make this comparison.The table
mentioned below depicts the production and test
results.
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Fig. 16. pin on disk test

Very little wear is noticed on the sintered
inserts of Laserform ST-100 after 50.000 shots
even with the very aggressive PA6 GF30 product
material. This is a very important conclusion
because this means that Laserform ST-100 is
suitable to produce pre-series of 50.000 shots and
more.
Directsteel 20V1 produced by direct metal
laser sintering (DMLS), is less wear resistant as
the bronze impregnated Laserform ST-100 (SLS).
After a closer inspection the wear seemed to be
caused by extraction of grains from the moulding
surface.
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