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T
he experienced injection moulder
knows three techniques for tackling
the heat flux in the mould three-di-

mensionally. But where do the problems
in designing mould cooling actually lie?

The Central Problem in Cooling

The main problem in cooling injection
moulds is the thermal resistance of the
tool steel. Depending on the steel quality
used, typical thermal conductivity values
are about 25 W/mk and fall to about 12
to 15 W/mK, according to the proportion
of alloy additives. Tool steels are thus poor
heat conductors compared to copper-
based alloys or even pure copper, which
has a thermal conductivity of about
390 W/mK.

Figure 1 illustrates the thermal situa-
tion of a tool during the production
process with conventional cooling. Al-
though the distance from the cooling
channel to the mould cavity wall is only
22 mm, the mould wall temperature on-
ly increases by about 19 °C compared to
the base temperature of the cooling medi-

um. If we now consider the installation
situation in the mould in which the cool-
ing channel is much further from the
mould wall, or even a thin-walled cavity
region that is completely enveloped in
polymer, the difference between the tem-
peratures of the cooling medium and the
mould wall often reach values of 60 °C
and more.

Such hot spots are the cause of con-
siderably prolonged times and also im-
pact the part quality and process capabil-
ity. Thus, the problem can apparently on-
ly be tackled by arranging the cooling
channels to conform to the contours or
integrating highly conductive materials
into the tool steel in tight mould regions.

Three Conformal 
Manufacturing Processes

There are three basic processes for pro-
ducing moulding inserts with conformal
cooling. Probably the oldest and best
known method uses joining techniques,
such as diffusion welding or vacuum high-
temperature brazing. In the application of
this process, the mould insert is first
analysed into individual layer elements on
the computer monitor. Each of these lay-
er elements is then provided with a cool-
ing channel adapted to the part contour

by means of conventional drilling and
milling. In the last step, the individual lay-
ers are full-surface bonded by means of
the aforementioned joining technologies
and usually heat treated in the same op-
eration (Fig. 2). It can be assumed that sev-
eral thousand injection moulds world-
wide are equipped with this type of cool-
ing and fulfil their function every day.

A relatively newly launched tech-
nique, which has already gained wide at-
tention, is direct laser forming. This
process generates a mould insert from a

Conformal Cooling 
on the Advance

Thermal Balance. Increasing

complexity of the geometries

of injection moulded parts

and stricter specifications

for dimensional stability

are putting increased

cost pressures on in-

jection moulders and

intensifying the already

difficult feasibility problems. Confor-

mal, segmented mould cooling is a key technology for confronting this pressure.

Conventional cooling

Fig. 1. The mould wall temperature increases
significantly in the current injection moulding
process in comparison to the cooling medium
baseline temperature
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metal powder bed, often with an origi-
nal mould making material, such as DIN
No. 1.2343. Ultrafine metal powder is
placed in a heated chamber on a build
platform that can be lowered. A laser di-
rectly melts the powder bed, which has
been levelled by a slide, according to a
3D model, to directly form the part con-
tour in thin layers, and welds the pow-
der into a subsequent monolithic work-
piece with a final hardness of about 52
Rockwell C (Fig. 3). Depending on the
thickness of the individual melted lay-
ers, a very fine or somewhat coarser sur-
face structure is obtained. The steel in
this mould has a density of approxi-
mately 100 %.

If a cooling channel image conform-
ing to the contour of a plastic part is then
introduced into the 3D data set, it is sub-
sequently precisely reproduced in the
subsequent mould insert in the form of
a three-dimensional channel. The ad-
vantage compared with the manufac-
turing processes mentioned above is
complete freedom of design in creating
the channels, while high-temperature
brazing is subject to process-related re-
strictions.

The third possibility is to introduce
high-conductivity materials into the
tool steel. Although the method does not
involve the cooling medium flowing
through conformal channels, it provides
adequate heat transfer because of the
very high thermal conductivity of the
material. Heat-conducting pins, e.g. of
high-purity copper, achieve a thermal
conductivity of 390 W/mK. If such high-
purity copper elements are soldered or
sintered (by diffusion bonding) into
cavities previously introduced into the
mould insert, the average thermal con-
ductivity of new steel/copper compos-

ite is considerably higher than the tool
steel conventionally used. Depending on
the design of the mould insert, such
steel/copper elements can reach or even
exceed the thermal conductivity values
that are usually only achieved by the
copper-based alloys also used in mould-
making. Steel-copper composite solu-
tions are not subject to the disadvan-
tages of known copper-based alloys,
such as low flexural strength (as a result
of the low modulus of elasticity), lower
hardness and often expensive machin-
ing. With these materials, mould mak-
ers works in the way they are familiar
with from conventional tool steels
(Fig. 4).

Inspirational Potential

Techniques such as those described above
are widely familiar in mould making and
the injection moulding industry. They are
not only familiar, they are also inspira-
tional. They are inspirational because
cooling problems that appeared to be in-
soluble yesterday can, as from now, be
eliminated. Even in purely monetary
terms, these technologies conceal huge
savings potential. A cycle time reduction
of 30 % on average together with much
more stable injection moulding process-
es with lower reject rates can quickly lead
to a reduction in unit costs of 15 % for
injection moulded products. Why, there-
fore, have these techniques of conformal
mould cooling still not achieved real ac-
ceptance, though they have been on the
market for ten years.

As with everything new, they are chiefly
regarded with scepticism.Will the mould
insert really achieve the process improve-
ment that it promises? What are the me-
chanical strength and lifetime like? Are
the pressure losses not too high? What
happens when a contour change to the
mould has to be made? Not least, some

employees also ask themselves how,
with their limited time, they can

afford to concern them-
selves with the

conformal

cooling system. Often, all that is lacking
is the assignment of responsibility or the
necessary expertise to deal in depth with
the engineering design of the conformal
cooling channel concept.

This responsibility starts with the me-
chanical design of the channel paths,
which must be suited to the respective
manufacturing process. The position and
shape of the channels must be deter-
mined from the point of view of the plas-
tics technology, and a suitable segmenta-
tion of individual channel segments must
also be decided. This segmentation is un-
avoidable particularly in the case of large-
area parts, since the mould is usually sub-
sequently operated at different tempera-
tures – as required by the different areas

Fig. 2. Manufacture of a conformal cooling by
inserting individual layers into the cooling
channels by conventional drilling and milling
techniques

Direct laser forming

Fig. 3. A laser melts the powder bed, smoothed by a slide, according to a 3D model, to directly form
the part contour, and bonds the powder to form a subsequent solid workpiece (figure: Inno-Shape)
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Fig. 5.
Core for ABS
electronic housing: the
contour-defining area has two in-
dependently controllable cooling channels
running beneath it
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of the part. That means the mould tem-
peratures are matched to the specific
thermal balance of the part. Such seg-
mentation of the conformal channels, in
injection moulding with different water
feed temperatures, helps to actively in-
fluence and control the shrinkage of in-
dividual part areas. The calculation of the
pressure loss in the channels is among the
methods that the designer of such sys-
tems ought to have mastered, as is per-
forming a thermal balance calculation for
the respective mould.

Increasing Efficiency; 
Minimising Cycle Time

Mould cooling is thus really not some-
thing that the engineers should allow to
run merely as a sideline to the mould de-
sign. Mould cooling, especially conformal
cooling, has, thanks to the above-de-
scribed technologies, matured into a
product of its own and is marketed as
such by some specialists. As regards the
complexity of a conformal cooling chan-
nel system, the comparison to a hot-run-
ner system is very apt.

Fig.5 shows an example of conformal
cooling from the automotive industry.The
core for an electronic part made of ABS is
about 300 mm long, 50 mm wide and
about 100 mm high. The complete con-
tour-defining area has two independently
controllable cooling channels running be-
neath it. In the more narrow core region,
copper heat-conducting pins in the steel
composite ensure adequate heat removal.

Even in the packaging sector, where
short cycle times are essential, a clear gain
in cycle time can be gained as a result of
sophisticated conformal cooling. Fig. 6

shows the movable mould insert of a thin-
walled packaging article. Two independ-
ent cooling circuits permit injection
moulders to match the mould wall tem-
peratures in the gate region and in the
surface region of the moulding to the re-
quirements of the part. The results are
very short cycle times, stable processes
and high-quality parts.

The moving mould-half core of an en-
gine coolant reservoir shown in the Title
photo indicates impressively how various
technologies can interact to provide an out-

standing solution.The three-dimensional-
ly designed cooling channels only supply
the core regions to a level at which it is still
technically feasible to implement the chan-
nel cross-sections. In the subsequent, nar-
rower core regions, copper heat conduct-
ing pins, integrated into the steel jacket can
be seen,which efficiently remove heat even
from the narrowest contour regions.

A Final Warning

The conformal cooling of the injection
mould, despite its advantages, is still a
Cinderella technology. Only a few inno-
vative companies have recognised the po-
tential of this technology and are already
saving seven-figure Euro sums per year.
Anyone who does not take notice,or more
importantly does not take advantage, of
these important developments will quick-
ly fall behind his competitors. Since the
development of this field of mould mak-
ing resembles a square-function curve,
with a shallow gradient at first and then
becoming exponentially steeper, it is im-
portant for small and medium-sized
companies to keep in contact. ■
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Fig. 4. Conformal cooling with a steel-copper
composite that dissipates the heat faster than a
conventional tool steel

Fig. 6. Stationary-half mould insert for a thin-
walled packaging part with two independent
cooling circuits
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