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Determining the Optimum Heating 
 Concept for BMC

Simple Answers to Complex Questions in Mold Design

To be able to cost efficiently design complex molds, e. g. for BMC components, it is essential to take into account 

the mold cooling. Thus, the mold costs increase in a linear relationship with the number of heating cartridges 

 provided. It is therefore desirable to aim for as few cartridges as possible, but at the same time, this can have a 

disadvantageous effect on the homogeneity of the temperature distribution and the robustness of the process. 

Until now, these conflicting goals were largely resolved based on experience. But it can also be done 

systematically.

Process simulation is often used nowa-
days to confirm planned mold con-

cepts; however, a methodical way of find-
ing the optimum and cost-effective solu-
tion is not generally available. Conven-
tional approaches to simulation shift the 
iterations from the mold and machine 

back to the computer, and are therefore 
significantly more economical. However, 
the result still depends on the user’s ex-
perience. It is therefore still not clear 
whether the potential of the mold and 
process is completely exploited.

New approaches to simulation, such 
as virtual design of experiments (DoE) to-
gether with automated optimization use 
a reverse approach. By specifying the de-
sired result, e. g. cycle time or part quality, 

as well as the possible degrees of free-
dom, these simulation approaches auto-
matically determine the best setup to 
reach this result. This enables the engi-
neer to answer complex questions rela-
tively inexpensively. Here, it is important 
to take a structured procedure and to 

subdivide the question into multiple indi-
vidual questions, if necessary. In this man-
ner, the effects and their causes can be 
more easily identified and solutions ex-
amined. The way in which this operates 
for a large mold, which requires a well 
planned heating concept, is shown in the 
following example.

For the two-cavity mold, which 
produces headlamp reflectors (Fig. 1) 
from BMC (bulk molding compound), 

the optimum heating concept is pro-
duced with the aid of a virtual DoE. Pre-
condition: The temperatures necessary 
for the crosslinking reaction must be 
achieved in the mold, at the same time, 
the finished mold must be as cost ef-
fective as possible. For this reason, it is 

necessary to strive for the least possi-
ble number of heating cartridges and 
heating zones.

For molds heated with heating car-
tridges, the challenge in developing the 
heating concept is not only to achieve 
the necessary mold temperature after-
ward. In addition, the thermal stability of 
the process and a homogeneous tem-
perature distribution in the cavity must 
be ensured. What is difficult to reconcile 
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Fig. 1. Fixed (left) and moving (right) half of a two-cavity mold for headlamp reflectors of BMC (© Sigma Engineering)
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not be reasonably evaluated and com-
pared. Even though the virtual DoE offers 
a variety of evaluation possibilities. For 
the above-mentioned variables, assum-
ing that they only have five different man-
ifestations each, several million variants 
are already necessary. Possible restric-
tions are therefore also determined in or-
der not to perform any unnecessary com-
putations.

To make the finished mold as cost ef-
fective as possible, only standardized 
heating cartridges are used, and expen-
sive custom products are avoided. For 
this reason, the diameter of the heating 
cartridges is specified at 16 mm. The num-
ber of degrees of freedom for the length 

at first can be achieved by simulation and 
a structured procedure.

Specifying the Degrees of Freedom 
and Boundary Conditions

First, all the possible variables and their 
manifestations, as well as any restrictions, 
are defined. For the mold, not only the 
number of heating cartridges and their 
respective diameters and lengths is open, 
but also the position (in the x, y and z di-
rection) and heating performance of 
each cartridge is open. In addition, the 
number of cartridges per heating zone 
and the number of heating zones is cru-
cial. The positioning of the necessary con-
trol points in the x, y, and z direction is a 
part of the design process. Of course, all 
these decisions can be made based on 
the experience gained with previous sim-
ilar mold projects. However, it then re-
mains unclear whether both the opti-
mum and, at the same time, most cost-ef-
fective concept has really been found. 
The user should therefore make decisions 
with the aid of a simulation and detailed 
analysis.

If all the possible combinations of the 
above-listed variables should be calculat-
ed, a number of simulations is quickly 
reached which even in a virtual DoE can-

and positioning of the heating cartridges, 
too, can be further reduced. To prolong 
the lifetime of the mold and give greater 
stability to the cavity, a minimum spacing 
of the heating cartridges of 20 mm from 
the cavity surface is specified. In addition, 
it is decided that the cartridges should 
each extend through the complete mold 
half. For this length, the cartridges with 
outputs of 300 or 500 W are possible. Only 
500 W cartridges are used at first.

Since the available output for the in-
dividual control circuits is technically lim-
ited, a maximum of four cartridges is ad-
ditionally determined for each control cir-
cuit. For the design, it is also assumed that 
the mold must have a homogeneous 

Fig. 2. The possible positions for heating 

cartridges in brown and green for uniform 

distribution in the mold – in the first step their 

influence on the evaluation area (pink) is 

determined (© Sigma Engineering)

»

Fig. 3. The influence of heating cartridges on the evaluation area falls with increasing distance 

from the cavity center (positions of the first calculation in green, and the second calculation in 

orange) (source: Sigma Engineering)
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Fig. 4. Four heating cartridges are the ideal number within the cavity; more cartridges do not 

result in a further temperature increase (© Sigma Engineering)
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temperature of 150 °C in order to achieve 
a uniform crosslinking reaction.

Reaching the Goal with a Structured 
Procedure

After the designer has determined all the 
degrees of freedom, the complex overall 
problem is, in the next step, subdivided 
into multiple sub-problems to reduce the 
number of computations and simplify their 
evaluation. The following are determined:

 W The optimum number and position of 
the heating cartridges, 

 W the optimum positions of the control 
points, and

 W the necessary power for the heating 
cartridges.

The mold halves were designed separate-
ly. The temperature of the moving mold 
half, which is not considered at first, is as-
sumed with an ideal value of 150 °C. It is 
also assumed that the mold is mirror sym-
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metrical, so that only one cavity needs to 
be considered. In this manner, the neces-
sary effort can be reduced. The individual 
sub-questions are each answered with 
the aid of the virtual DoE.

Step 1: Optimum Number and Position 
of the Heating Cartridges

To determine the optimum position and 
number of the heating cartridges, this 
question is also split into several sub- 
questions, which are treated in succes-
sion. Computing all the possible variants 
of number and position would still be 
very laborious, at the same time, many of 
the concepts that are computed do not 
have a practicable distribution of car-
tridges  and in many cases require a very 
high heating output.

Therefore, first the ranges should be 
determined in which the heating car-
tridges have the largest influence on the 
cavity. On this basis, the optimum num-
ber and position is determined for each 
of these ranges. Among the uniformly 
distributed positions of all possible heat-
ing cartridges, the evaluation area in the 
mold – the cavity in which a uniform tem-
perature of 150 °C is to be achieved – is 
highlighted in pink (Fig. 2). In two compu-
tations (brown and green), the influence 
of each of 70 positions on the evaluation 
area is checked against a virtual DoE. The 
position is varied with reference to the 
center point of the cavity. To determine 
the influence of each position without 
the interference of the other cartridges, 
with each design there is only one heat-
ing cartridge taken into account for the 
whole mold at this specific position.

The influence of the heating cartridg-
es on the cavity depends on the distance 
from the center point of the cavity (Fig. 3). 
For adequate heating, the regions with a 
radius of 40 mm (within the cavity) and 
70 mm (immediately outside the cavity) 
around the center point are important. In 
the following calculations, the best posi-
tion and number of heating cartridges for 
each of these regions is determined.

In the calculations, it quickly becomes 
clear that, in the interior region, four car-
tridges are adequate and further cartridg-
es do not improve the result (Fig. 4). A fur-
ther virtual DoE is used for determining 
the cartridges outside the cavity (Fig. 5). 
Possible positions around the cavity at dis-
tances of 10 mm (green), 25 mm (brown) 

Fig. 5. With a virtual 

DoE, all possible 

positions for heating 

cartridges are deter-

mined within (left) 

and outside (right) 

the cavity (© Sigma 

Engineering)
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Fig. 6. Temperature reached in the jacket area around the cavity, depending on the number and 

spacing of the heating cartridges (source: Sigma Engineering)
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and 40 mm (blue) are checked. The heat-
ing cartridges are uniformly distributed on 
the curves that are generated. For evalua-
tion, it is assumed that the cavity is already 
heated to 150 °C from the inside. The evalu-
ation area for this calculation is therefore 
formed by a shell around the cavity core.

A graph (Fig. 6) shows the temperatures 
reached in the evaluation area, depending 
on the number and spacing of the car-
tridges. To allow a uniform distribution of 
the cartridges around the cavity and the 
subsequent heating zones, the configura-
tion of eight cartridges is chosen at a dis-
tance of 25 mm for the mold concept.

Step 2: Position of the Control Points

After the cartridges are arranged in a 
fixed constellation both within and out-
side the cavity, they are subdivided into 
heating zones. Corresponding to the 
boundary condition defined above, the 
required twelve cartridges are subdivid-
ed into three control circuits. The car-
tridges within the cavity are grouped into 
one circuit and the cartridges outside the 
cavity are divided so that each four adja-
cent cartridges are controlled from one 
control point (thermocouple = TC).

Since there is also an infinite number 
of ways of positioning these control 
points, the ideal positions for the control 
points are first limited via a thermal analy-
sis of the mold with the planned configu-
ration of the cartridges. For this, the mold 

is heated at maximum output through-
out using the chosen cartridges. After a 
heating time of 30 min., those regions are 
determined which heat up slowest within 
each heating zone (Fig. 7). Within these re-
gions four possible positions are deter-
mined for each control point.

These positions are subsequently 
checked in a further virtual DoE and com-
pared. In contrast to previous computa-
tions, this is not done using continually 
heated cartridges, but with a convention-
al PI-controlled heater. Finally, the heating 
cartridges are subdivided into three heat-
ing circuits with the respective control 
points (TC) (Fig. 8).

Step 3: Robust Process and Necessary 
Heating Output

After the positions and numbers of the 
cartridges, as well as their optimum con-
trol points have been determined, it still re-
mains to check whether, with this configu-
ration, a robust process is also ensured at 
higher mold temperatures. At the same 
time, this final analysis can also be used to 
check whether the chosen heating perfor-
mance (500 W) is necessary or whether the 
lower one (300 W) may even be sufficient.

For this purpose, mold temperatures 
of 150, 160 and 170 °C are specified, and 
both the resulting temperature distribu-
tion and the respective utilization of the 
heating cartridges are assessed. The sub-
sequent evaluation shows that the cho-

sen configuration ensures a robust pro-
cess even at higher mold temperatures. In 
addition, at the high temperatures, less 
than half of the possible heating output is 
called on in each control circuit. The mold 
could thus also operate with the heating 
cartridges having 300 W output.

Summary

Thanks to a structured procedure and a 
state-of-the-art approach to simulation, the 
optimum heating concept was determined 
for the BMC headlamp reflector. For three 
sub-problems, the best solution in each 
case was determined automatically with 
four virtual DoE with a total of 1304 variants. 
In this way, the original question with several 
million possible solutions could be an-
swered by checking a fraction of the possi-
ble combinations. In total, all the necessary 
calculations are performed and evaluated in 
a few days, which corresponds to the time 
requirement of a conventional simulation- 
assisted trial-and-error approach. W

Fig. 7. With the aid of a thermal simulation of the mold, the possible positions for the three con-

trol points are determined (© Sigma Engineering)

Fig. 8. Four heating cartridges each in three 

control circuits with the associated control 

points (TC01, TC02 and TC03) – this what the 

final layout looks like (© Sigma Engineering)

HKundencenter_Stopper_175x28_Image_E.indd   1 30.11.16   13:10




