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ABSTRACT 
During compression moulding of sheet moulding 
compounds, voids are formed that can deteriorate the 
properties of the final product. A large number of 
processing and material parameters can however be 
tuned in order to reduce the amount of voids. A factorial 
design is here applied to plan an experimental series 
where, in particular, vacuum assisted mouldings are 
carried out in a circular shaped mould. One result is that 
the electrical insulation can be considerably improved by 
choosing optimal processing conditions. Another is that 
the size of weld lines can be reduced in the same fashion. 
 
INTRODUCTION 
Due to excellent properties and relatively low materials 
and manufacturing costs, the use of fibre reinforced 
polymer composites have increased during the latest 
decades. There exist a large number of methods to 
manufacture these materials. One method with potential 
for large scale productions of lightweight vehicle 
components is called sheet moulding compound (SMC). 
The main reason why it has not come into wider use in 
the vehicle industry is unsatisfactory conditions of the 
surface finish of parts manufactured. Although the 
technique has been considerably improved since the 
beginning in the 1950s when it was introduced, some 
further improvements need to be done. Regarding the 
surface finish it remains to define processing conditions 
to create "class A" surfaces for SMC. One theory, that 
can be found in the literature and also is industrial know-
how is that vacuum assisted moulding (VAM) is the 
superior method to create "class A" surfaces (Kia, 1993) 
(Cormier, 2004) (Biard, 2004). These reports are, 
however, short of experimental data supporting this 
thesis. Hence a study will here be carried out were 
processing parameters are varied for compressions in a 
simple tool. The resulting plates will then be evaluated as 
to quality with a number of methods with focus on 
porosity. In this context it must be noticed that a "Class 
A" surface is not strictly defined and depends on several 
parameters such as surface roughness, defects and 
optical phenomena.  
 
SMC is a compression moulding process where the 
material used is SMC prepreg, which briefly explained 
contains fibres, resin and additives. Different properties 
can be achieved for the SMC product by varying the 
raw material recipe as in fire retardant products or 
products with relatively good electrical insulation. One 
example of how a prepreg can be composed is shown 
in Table 1. This is also the utilised prepreg in this work.  
 
Table 1. Recipe description of prepreg LS20 DE1056600-
720. 

Material Quantity(%) 
Polyester resin 18 
Polystyrene 10 

Calcium Carbonate 45 
1” Glass Fibre 20 

 
The basic idea behind SMC is simple, but the whole 
process from raw materials to a finished product is very 
complex. As mentioned, the prepreg recipe can be 
compiled in numerous ways. Furthermore, to achieve 
desired viscosity for manufacturing, the prepreg 
undergo a maturing process. After maturing, pieces are 
cut from the prepreg sheets and piled into a charge 
which thereafter is placed in the moulding tool for 
compression moulding, as described in Fig. 1. Size and 
shape for the charge have to be tuned in order to obtain 
optimal mouldfilling. Commonly adjustable properties 
during compression moulding process is temperature, 
pressure and velocity profile. The temperature inside 
the mould is in the range 120°-180°C for unsaturated 
polyester based prepreg (Odenberger, 2005). Pressure 
for corresponding prepreg is 3-20 MPa held for 1-4 
minutes (Odenberger, 2005). Common practice is that 
the upper part of the moulding tool should be some 
degrees warmer than the lower part, and that a 
diminishing velocity profile is profitable to attain optimal 
flow properties, and hence, negative effects such as 
back flow can thereby be avoided. 

 
Fig. 1.  Compression Moulding of SMC (Odenberger,2006). 
  
As previously mentioned the main ambition of this project 
is to establish the factors that have the highest influence 
on the quality of the compression moulded SMC 
products. This will be carried out by using a 2k factorial 
design methodology. The 2k design has k factors at 2 
levels, hi and low. The commercial software MODDE 7.0 
(MODeling and DEsign) will be used to facilitate 
generation and evaluation of the experiments.  
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Several measurement methods were utilised to quantify 
the quality for the samples as an input to MODDE since 
there is no established method to characterize the void 
content on the surface or within the bulk material for 
SMC-products. Conventional image analysis of polished 
cross-sections as done for materials produced with other 
methods fails since the SMC is a multicomponent 
material and it is difficult to separate the voids from 
constituents of the SMC.  The surface was thus 
evaluated: i) with a new non-destructive and automatic 
technique called DETECT, ii) by painting the samples 
and heating them up and iii) by image analysis of weld 
lines formed during pressing. In addition electrical 
insulation tests were carried out as a measure of the void 
content in the bulk of the material.  
 
The experimental mouldings carried out will now be 
outlined followed by a detailed description of the 
methods used to evaluate the plates manufactured. Then 
the statistical method used will be summarised and the 
results presented. Finally some conclusions are 
presented. 
 
EXPERIMENTS 
A number of precautions were taken in order to carry 
out the experiments under as controlled circumstances 
as possible. Therefore much work and testing by trial 
and error methodology was done before the real 
experimental procedures could start. Enhanced 
accuracy for fast placement of charges due to assisted 
laser pattern in the moulding tool is one example. 
 
Preparation of prepreg charges 
Half moon shaped charges were prepared by first 
placing the prepreg sheets in 5 layers, with the 
protecting plastics removed from all layers except the 
top and bottom ones, as described in Fig. 2. A circular 
cutting tool was then used to cut the stack of prepregs 
into the desired shape. The weight was then controlled 
and adjusted for the circular charges formed. The 
charges were thereafter cut into two half moons that 
could be used for dual charges in order to provoke a 
weld line. The, in this way, prepared charges were then 
stored in air sealed containments until they were finally 
ready for use. This was done in order to expose all the 
charges to approximately the same amount of air 
exposure, since it is commonly known that SMC 
prepreg dries out in contact with air due to leaking 
styrene.  

 
Fig. 2.  Preparation of charges. 
 
Placement of charges 
To aid fast and accurate placement of charges, as 
described in Fig. 3, laser lines were utilised to create a 
pattern inside the moulding tool. The equipment can be 
seen in Fig. 4. Therefore, onset of significant cure, and 
hence, increased viscosity of the resin during 

mouldfilling was avoided. Furthermore, a release agent 
spray was used together with the prepreg. The spray 
was applied once, and then a couple of preparing 
compression mouldings were carried out before the real 
tests started. A consequence of other spray techniques, 
such as applying the spray before every compression 
moulding, was that the surfaces inside the tool suffered 
from remaining SMC material. 
 

 
Fig. 3.  Sketch of how the charges were placed in the 
mould. 
 

 
Fig. 4.  Equipment utilised to aid fast and accurate 
placement of dual charging in the mould. 
 
Mouldings 
Common practice is that the best effect of vacuum 
assisted moulding is achieved if the vacuum is enabled 
immediately before the moulding tool reach the top 
surface of the SMC charge. Therefore, an adjustable 
switch was installed that was configured to enable 
applied vacuum at desired tool position. To accomplish 
vacuum inside the tool as fast as possible, a large 
vacuum tank was placed next to the equipment. The 
velocity of which the moulding tool was closing was first 
driven with high velocity to a special height above the 
charge to reduce the total closing time, and hence, 
avoid onset of significant cure before closing the tool. 
After reaching desired height, the velocity was set to 
constant, hi or low. Temperature for the upper and 
lower part of moulding tool was set to equivalent for 
both levels. The pressure was set to constant during 
the whole moulding procedure for both the high and low 
level. 
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CHARACTERISATION OF MOULDINGS 
The circular plates manufactured in the experimental 
tool were cut into pieces which rendered the possibility 
that several measurement methods could be used to 
quantify the condition of the plates. Using this 
opportunity the surface finish was measured with 
DETECT, simulations of painting were performed and 
the weld lines obtained were analysed by optical image 
analysis. The bulk material quality was quantified by a 
high voltage insulation test. In addition to the insulation 
test, microscope analysis was performed on cross-
section from six of the plates which had attained 
significantly separated results in the electrical insulation 
test, in order to verify that insulation properties is highly 
dependant on void contents. 
 
Surface measurement with DETECT  
DETECT, being a SICOMP in-house system, makes use 
of the cross correlation technique to identify surface 
defects (Pettersson, 2006). Correlation analysis is a 
method where images, recorded over time, is analysed 
with different computer algorithms. The idea here is that 
defects will assemble a larger amount of moisture than 
the surrounding areas, and therefore acquire more time 
to evaporate. As a consequence, the speckle pattern 
from the laser illuminated surface will tend to sparkle for 
a longer time where there is a surface defect. The basic 
principle of correlation analysis is described in Fig. 5. 
However, a more detailed description of the DETECT 
algorithm can be found in (Pettersson, 2006). 

 
Fig. 5.  Basic Cross Correlation principle [Pettersson]. 
 
The DETECT equipment was very sensitive and 
complicated to handle. However, with an accurate 
cleaning method and avoiding ghost defects, which 
probably occurred due to dust, by doing several 
measurements for each plate when the plates were 
cleaned between each measurement resulted in that 
repeatable results could be obtain. The area 
investigated was 100*76 mm. The sample was then 
moisturised from a straight angle for about 3 seconds 
with moister that held 45˚C.  
 
Paint Simulation test 
The idea with paint simulation test can be explained by 
the perfect gas law: 
 

      (1) 
 
where p is the pressure, T is the temperature, and V is 
the volume. The first state denotes the temperature when 
the paint recently has been applied in room temperature. 
The second state is when the paint cures in the oven and 
any possible gas enclosed therefore have a higher 
temperature. The scenario is that the volume of the gas 
has expanded enough to cause a blowout in the colour 
which easily can be manually counted. Consequently, 

instead of hiding surface defects, the paint should 
create a blowout for each significant surface defect. 
The procedure was that the plates were first cleaned. 
Then a layer of spray paint was applied to the surface. 
The painted plates were then placed in an oven at 
105˚C for 10 minutes. After cooling down, the area 
studied with DETECT were also studied with 
microscope. Paint defects clearly caused by surface 
defects were then counted by hand, see Fig. 6.  
 

 
(a)                                        (b) 

Fig. 6.  Surface defect with (a) and without (b) paint. 
 
Weld Line measurements 
During experimenting, it was noticed that the 
appearance of the weld line, created due to dual 
charges, varied as a function of processing conditions. 
Therefore a method was developed to quantify the size 
of the weld lines. First, the plates were cleaned. 
Secondly, the plates were rubbed with carbon powder. 
The plates were then cleaned again to remove excess 
carbon powder while the carbon powder ending up in 
defects in the weld lines stayed and aided phase 
analysis, which finally was performed for the recoded 
images with the commercial software analySIS. In order 
to acquire reliable results from the phase analysis, a 
sharpening filter (Sharpen I) was first applied to the 
images, followed by RGB colour separation, and last 
the threshold was set individually for each image. As 
seen in Fig. 7 and in Fig. 8, where the weld lines from 
plate number 4 respectively 5 is visualised before 
image analysis was performed, there is a significant 
difference in weld line size. See Table 3 for 
compression moulding settings. 
 

 
Fig. 7.  Weld line for plate number 4. 
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Fig. 8.  Weld line for plate number 5. 
 
High Voltage Insulation Test 
Electrical insulation is used in every application where 
electricity is applied, to prevent short circuits. The 
insulating materials are subjected to electric stresses, 
and the electric breakdown strength of insulating 
materials depends on a variety of parameters including 
pressure, temperature, humidity, field configurations, 
nature of applied voltage, imperfections in dielectric 
materials, material of electrodes, and surface condition 
of electrodes, etc. The most common cause of 
insulation failure is the presence of discharges, either 
within voids in the insulation or over the surface of the 
insulation (Naidu and Kamaraju, 1996). Therefore, the 
electrical insulation test was applied in order to 
determine relative void contents in the samples.  
 
The electrical insulation test followed the directives for 
the standard tests IEC 60243-1, called the step method. 
However, the method was slightly modified to reveal 
tiny differences in qualities. Squares with the 
dimensions 110*110 mm2 where cut out from the 
sample plates and then placed in an oil bath with an 
electrode placed on each side of the sample, see Fig. 
9. The voltage was then raised to presumed 40 % of 
the final voltage. More voltage was then added every 
20 s. The first steps, up to 30 kV, were by 2 kV. After 
reaching 30 kV, 1 kV was added at each step. 
 

 
Fig. 9.  Sample placed in oil bath for insulation test. 
 

Microscope Analysis 
To verify that the results from the electrical insulation 
test correlated to the amount of internal voids, as found 
in (Naidu and Kamaraju, 1996), microscope analysis 
was carried out. Six plates were analysed with this very 
time demanding technique. In the microscope analysis, 
polished cross sections of weld lines dislocated from 
the sample plates were studied. To achieve a high 
quality polish, the pieces were founded in epoxy, and 
thereafter cured at 75˚ C. When the sample pieces 
were fixed in the hardened epoxy, they could be 
polished by the grinding machine. The polish has to be 
done very carefully in order to obtain a surface that can 
be analysed. Smooth surfaces were achieved by 
starting the grinding with a rough grinding paper and 
then decrease the roughness when the surface got 
smoother. 
 
STATISTICAL METHOD FOR EVALUATION 
Statistical techniques are widely used in experimental 
studies in order to carry out the work with higher 
efficiency. Different statistical techniques are more or 
less suitable for different studies. One that is often used 
in early stages of experimental work is the 2k factorial 
design with k factors at 2 levels, hi or low. Since there 
are only two levels for each factor, one can assume the 
response to be linear (Montgomery, 2004). Therefore 
the coefficients in the models have been estimated with 
multiple linear regression (MLR), also known as least 
squares analysis applied to several factors, which is 
done by solving the following system of equations: 
 

      (2) 
 
Where Y is an n*m matrix of responses, X an n*p matrix 
which is called the extended design matrix, B is the 
matrix of regression, and E is the matrix of residuals 
(Eriksson, et al., 2000). In order to measures the 
goodness of fit when the system of equations is solved, 
values of the following quantities are computed: 
 

     (3) 
 
and 
 

      (4) 
 
Where PRESS is the shortening of Prediction Residual 
Sum of Squares, and is given by: 
 

∑ ,     (5) 
 
SS  = Sum of Squares of Y corrected for the mean, and 

 the ith diagonal element of the Hat matrix ′ ′ 
(Eriksson, et al., 2000). The term Q2 is called goodness 
of prediction, and gives a lower estimate to how well the 
model predicts the outcome of new experiments, and 
R2, which is called goodness of fit, gives an upper 
estimate. The maximum value of R2 and Q2 is 1, which 
would indicate a perfect model. Furthermore, R2 can at 
minimum be 0, while Q2 reach down all the way to 
minus infinity. Q2 values larger than zero indicate that 
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the dimension is significant (Eriksson, et al., 2000). 
However, this is not enough for establishing the model 
as trustworthy. An adequate model is recognised by 
high values of both R2 and Q2, and they should not 
differ with more than 0.2 - 0.3. R2 is higher than Q2 and 
a Q2 value of 0.5 is usually accepted as fine and 0.9 as 
excellent (Eriksson, et al., 2000). Except R2 and Q2 
values, the p value for regression was studied. A p 
value, which is a probability coefficient, for regression 
close to zero indicates statistically good models and 
could therefore be used as a hint to indicate 
improvement of the models.  
 
RESULTS 
The default settings in MODDE appeared to be 
inadequate since the R2 and Q2 values were 
insufficient. In order to improve the validity of the 
models some adjustments were made individually for 
each experiment and response. The causes of poor 
models were reduced in two ways. Insignificant effects, 
such as small effects or effects were the confidence 
interval passed zero, were deleted from the model, 
since they can be seen as statistically insignificant 
(Eriksson, et al., 2000). Due to orthogonal experimental 
design, factors can be removed from the model without 
affecting the overall results. However, the confidence 
intervals may be affected (Eriksson, et al., 2000). The 
other method for reducing poorness was to remove 
experimental runs that greatly differed from other 
results. In figure Fig. 10, the R2 and Q2 values are 
presented for each response after the models have 
been optimised and outliners removed.  
 
The factorial design, see Table 3, with corresponding 
values for hi and low in Table 2, and results will here be 
presented for the experimental run. First, the analysis 
for each measurement method will be presented then 
the results of the microscope analysis will be shown. 
 
Table 2. Hi and low levels for experiments. 

Factor 1 -1 
Vacuum 7kPa 101.3kPa 
Pressure 1060kN 565kN 
Velocity 10 mm/s 2 mm/s 
Temperature 160°C 145°C 

 
Table 3.  2k Factorial design for experiment. 

No. of 
plate 

Vacuum Pressure Velocity Temp 

1 -1 -1 -1 -1 
2 1 -1 -1 -1 
3 -1 1 -1 -1 
4 1 1 -1 -1 
5 -1 -1 1 -1 
6 1 -1 1 -1 
7 -1 1 1 -1 
8 1 1 1 -1 
9 -1 -1 -1 1 
10 1 -1 -1 1 
11 -1 1 -1 1 
12 1 1 -1 1 
13 -1 -1 1 1 

14 1 -1 1 1 
15 -1 1 1 1 
16 1 1 1 1 

 

 
Fig. 10.  R2 and Q2 values for each response. 
 
MODDE analysis of DETECT response 
The analysis of the DETECT response resulted in low 
R2 and Q2 values which indicates a poor model 
although the Q2 value was positive, see Fig. 10. Due to 
the poor model, only one effect could be found with a 
confidence interval separated from zero, that high 
pressure and high velocity of the press result in more 
surface defects, see Fig. 11. When the factors are 
applied one at a time, the negative bars indicate less 
surface defects. However, the single improvement 
effect from pressure and velocity is not trustworthy 
since the confidence interval bars pass 0. The colour 
coding for the result in Fig. 12 indicates the same 
effects as the effects plot, in Fig. 11. Applying high level 
of pressure or velocity at the same time indicates worse 
quality, while an increase in quality is obtained when 
the factors are applied one at the time. 

 
Fig. 11. Effects plot for DETECT. 
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Fig. 12.  Geometrical design and response for DETECT. 
 
MODDE analysis of paint test 
High values of R2 and Q2 indicate an excellent model, 
see Fig. 10. However, to achieve these levels, one 
plate (No. 14 see Table 3) had to be excluded since it 
was an outliner. The largest effect, which also is 
negative for the surface quality, is applied vacuum. 
However, the effects plot indicates that the interaction 
effects between vacuum-velocity, and vacuum-pressure 
have a positive influence on the surface quality, see Fig. 
13. The results in Fig. 13 are confirmed by the 
geometrical design shown in Fig. 14. One corner is 
missing and one is excluded, due to the plate excluded. 
Clearly, pressure should be at a high level when 
vacuum is utilised in order to minimize surface defects.  

 
Fig. 13.  Effects plot for Paint response. 

 
Fig. 14.  Geometrical design and response for Paint. 
 
MODDE analysis of insulation response 
Large R2 and Q2 values indicate a high-quality model, 
see Fig. 10. The combination of high temperature and 
applied vacuum diminish the insulating properties 
significantly; see Fig. 15 and Fig. 16. The colour coding 

for response clarifies the interaction effect between high 
temperature and applied vacuum, since every position 
is marked as low where the level is high of both 
temperature and vacuum. 

 
Fig. 15.  Effects plot for Insulation. 

 
Fig. 16.  Geometrical design and response for Insulation. 
 
MODDE analysis of weld line response 
Large R2 and Q2 values indicate a good model, see Fig. 
10. The effects plot reveals that high velocity is the 
single-handed best factor for minimising the size of the 
weld line. Applied vacuum cause larger weld lines, but 
the interaction effect between applied vacuum and 
velocity reduce the size of the weld line, see Fig. 17. 
The geometrical design and response plot clarifies what 
Fig. 17 already did indicate, see Fig. 18. Every position 
in the plot where the velocity level is high has a low 
response for weld line size. Positions in the geometry 
where vacuum is applied are marked as high except 
where the velocity is set as high. High temperature 
seems to increase the size of the weld line. 
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Fig. 17.  Effects plot for Weld Line response. 

 
Fig. 18.  Geometrical design and response for weld line 
method. 
 
Microscope analysis of void contents 
The high voltage insulation test gave significant level 
changes in insulation properties for plate 11-16 as 
defined in Table 3. Therefore, they were chosen for 
microscope analysis in order to study the void contents. 
The exact level of void contents could not be measured 
since some areas became too dark and areas which 
clearly were void free also were counted as voids in the 
phase analysis. However, a significant difference could 
be seen for the measured plates. Clearly, the plates 
created with vacuum assisted moulding method had a 
higher level of internal voids. In Fig. 19, a plate created 
without assisted vacuum can be seen. In addition, Fig. 
20, show a typical microscope analysis image from a 
plate created with assisted vacuum.  

 
Fig. 19.  Microscope analysis of plate 11. 
 

 
Fig. 20.  Microscope analysis of plate number 12. 
(Vacuum) 
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DISCUSSION AND CONCLUSIONS 
The main conclusion that can be drawn is that vacuum 
assisted moulding far from always facilitates the SMC-
process. Applied alone, vacuum reduced the quality for 
every response except for DETECT, where it was 
unclear, as seen in Table 4. Applied together with other 
factors, especially high velocity, vacuum can however, 
improve the quality of SMC-products.  
 
The response from the DETECT equipment did not 
reveal any significant effect. However, it vaguely 
indicated that high pressure or high velocity have a 
positive effect on the surface quality, just as the paint 
test indicated, see Table 4, but a negative effect on the 
surface if applied together. 
 
The MODDE analysis of the surface measurements 
with the paint method indicates that only applying 
vacuum causes more surface defects. While applying 
vacuum simultaneously with high pressure or velocity, 
seems to augment the positive effects that high 
pressure or velocity provided for surface defects.  
 
In order to create small weld lines, the MODDE analysis 
indicated that high velocity should be utilised. 
Moreover, to augment the positive effect of high 
velocity, it is indicated that vacuum or high temperature 
should be applied although they seem to enlarge the 
size of the weld line when they are applied single-
handed. 
 
Table 4. Summary of the results where ↑ is the sign for 
improved quality and ↓ is the sign for deteriorated quality. 
Hence, a ↑ for Weld Line imply that the size of the weld 
line is reduced. The size of the arrows reveals a relative 
importance of elected effect for each response. Effects 
with no, or small effect on the result is marked with -. 

Effect DETECT Paint Weld 
Line 

Insulation 

Vacuum - ↓ ↓ ↓ 
Temp - - ↓ ↓ 
Pressure ↑ ↑ - - 
Velocity ↑ ↑ ↑ - 

Vac*Temp - - - ↓ 
Vacuum*Pressure - ↑ - - 
Vacuum*Velocity - ↑ ↑ - 
Temp*Pressure - - - - 
Temp*Velocity - - ↑ - 
Pressure*Velocity ↓ - - - 

 
No positive effect regarding insulating properties was 
found. However, negative effects were found that 
should be avoided in order to create products with good 
insulating properties. The effect of high temperature 
and applied vacuum reduce the insulating properties, 
both single-handed and primary as interaction effect. 
This negative effect is probably caused by boiling 
styrene, since the boiling point of styrene is decreased 
under vacuum condition (Lundström, 1993). 
 

The microscope analysis of the 6 sample plates with 
significant difference in insulating properties verified the 
thesis that a higher level of internal voids would cause 
lower insulating properties.  
 
However, more experimental work has to be carried out 
in order to improve the conclusions by using more 
advanced models, and thereby be able to give a better 
description when, or not to use vacuum, and at which 
level. The level of vacuum was only on or off, in this 
study. For instance, it is commonly known in the 
industry that some prepreg materials behave worse 
under full vacuum than under half vacuum. Therefore it 
would be interesting to carry out experiments at 
different levels of vacuum 
 
ACKNOWLEDGEMENT 
The research in this article has been founded by the 
Swedish Agency for Innovation Systems (VINNOVA) and 
the participating industries in the FYS-project. The 
authors appreciatively acknowledge invaluable infor-
mation from years of experience from Åke Westerlund 
and Joakim Pettersson, at ABB Power Technologies AB 
and Hans Bernlind, at Polytec Composites AB.  
 
REFERENCES 
Biard, V. (2004): ”Priming and painting of SMC” 
Technical Report LiTH-IKP-PR–04/06–SE, Engineering 
Materials, Linköpings Universitet. 
 
Cormier, P. (2004): ”Formation of surface voids in 
SMC” Technical Report LiTH-IKP-PR–04/08–SE, 
Engineering Materials, Linköpings Universitet 
 
Eriksson, L., Johansson, E., Kettaneh-Wold, N., 
Wikström, C., and Wold, S. (2000): “Design of 
Experiments - Principles and Applications”. ISBN 91-
973730-0-1. Umeå: Umetrics Academy; Stockholm: 
Learnways. 
 
Kia, H.G. (1993): ”Sheet Molding Compounds: Science 
and Technology” Hanser, Munich 
 
Lundström, T. S., et al.(1993): ”Void formation in RTM”. 
Journal of Reinforced Plastics and Composites, Vol 12, 
pp. 1339–1349. 
 
Montgomery, D.C. (2004): ”Design and Analysis of 
Experiments”. sixth edition. ISBN: 978-0-471-48735-7. 
Wiley 
 
Naidu, M.S., Kamaraju, V. (1996): ”High Voltage 
Engineering”. second edition. McGraw-Hill. 
 
Odenberger, T. (2005):”Compression Molding of SMC, 
Visualisation and Inverse Modelling”. Licentiate thesis 
2005:34, Luleå University of Technology, Luleå, 
Sweden. 
 
Pettersson, A. (2006): ”Dekorrelationsmätningar på ytor 
som förändras”.Technical Report CR06-012, SICOMP, 
Piteå, Sweden. 


