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Abstract: The LaserForm St-100 material, which is used 
for manufacturing metallic parts by means of the selective 
laser sintering technology is a stainless steel powder mixed 
with an epoxy resin for binding the grains. In order to 
obtain a fully dense metal part, a second stage is 
compulsory needed in the oven, when, at 1070 ˚C, the 
binder is burned out and under the capillarity effect, the 
bronze is infiltrated. The paper presents a finite element 
analysis done by the authors, by using CosmosWorks 
software, in order to correctly estimate and compensate the 
3D deformations that occur during the post-processing 
stage of the metal parts in the oven.     
Key words: finite element analysis, rapid prototyping, 
selective laser sintering, SLS 
 
1. INTRODUCTION  
 
DTM Company is one of the biggest producers of 
Selective Laser Sintering equipment, offering a series of 
algorithms in order to determine the scale factors used 
on SLS machines for compensating the part shrinkage 
that occurs in the SLS process. There is a calibration 
procedure for the SLS machine, in order to estimate 
some compensation factors for the SLS process on the 
Sinterstation 2000 machine. There are several scientific 
publications in the world (Chatterje et al., 2003), 
(Dimov et al., 2005), (Liao & Shie, 2007), analyzing the 
accuracy of the SLS metal part manufacturing process. 
An interesting case study has been developed by dr. 
Dimov from the University of Cardiff, proving that the 
manufacturing errors that are obtained in the SLS 
process are dependent by the type and temperature of 
the post processing cycle (DTM, 2000). 
If the estimation of the metal parts shrinkage during the 
post-processing stage in the oven is done correctly, this will 
contribute to a precise calculation of the scale factors on x, y 
and z-axis and precise shrinkage compensation, as well.     
 
2. FINITE ELEMENT ANALYSIS FOR 
ESTIMATING THE SHRINKAGE OF 
METAL PARTS DURING POST-
PROCESSING STAGE IN THE OVEN 
 
During the post processing cycle of the SLS metal parts, 

3D deformations occur, depending on the type and 
temperature of the post processing. The CosmosWorks 
module of the SolidWorks software was used in order to 
perform the finite element analysis (FEA).  
Theoretical estimations of the thermal shrinkage have 
been made using the FEA method, by taking into 
account the following material properties: Young’s 
modulus, Poisson’s ratio, shear modulus, mass 
density, coefficient of thermal expansion, thermal 
conductivity and specific heat. These material 
characteristics of the Laserform St-100 powder were 
taken from the 3D Systems website (the manufacturer 
of the SLS System) and have been introduced into the 
CosmosWorks software.  
Figure 1 illustrates such a dialog box and presents the 
values of those parameters. 

 

 
Fig.1. Material parameters of the FEA analysis 

(CosmosWorks) 
 

Further on, the model (caliper) designed at the 
Technical University of Cluj-Napoca was meshed 
using tetrahedral elements. A total number of 11243 
elements (18386 nodes) have been generated (Fig. 2). 

 

 
Fig. 2. Meshing parameters for the FEA analysis 
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The FEA has been done in two stages.  
The first stage consisted in a transient thermal 
analysis (Fig. 3), (Berce et al., 2008). For the 
undertaken case study, the warming up time was 12 
hours (up to 1070 ˚C), the maintaining period was 3 
hours and the cooling period was 12 hours (Fig. 4). 
The second stage consisted in a thermo elastic 
analysis. Two cases have been studied: 
- Thermal expansion during the heating process from 
room temperature up to 1070 ˚C. In this case, the 
thermal expansion coefficient has been set to a higher 
value, due to the fact the sintered material is in a 
powder state. 
- Thermal contraction during the cooling process in 
the oven, from 1070 ˚C to the room temperature. In 
this case, the thermal expansion coefficient has been 
set to a lower value, due to the fact the part is already 
in a compact state. 
 

 
Fig. 3. Transient thermal analysis 

 
Finally, some estimations regarding the shrinkage of 
the model after the post-processing stage in the oven 
were made (as illustrated in Figure 5), first of all in 
the warm-up cycle and second of all in the cool-down 
stage. 
 

 
      Fig.4. Time-temperature curve 
 

As a conclusion, the effects of the infiltration process 
can be modeled by modifying the value of the 
thermal expansion coefficient (α - coefficient). 

 

 
Fig.5. Thermal expansion and thermal contraction 

– Z-axis 

3. NEW METHOD TO CALCULATE THE 
X, Y AND Z-AXIS COMPENSATION 
FACTORS 
 
By using the “Probe result” option of the FEA 
software, it was possible to calculate the percentage 
shrinkage for each level of the part, by using formula (1). 
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where cL  is the CAD theoretical dimension and mL is 

the measured dimension obtained by using the “Probe 
result” FEA option of the CosmosWorks software. 
After calculating the percentage shrinkage for each 
level of the part, the mean value of the percentage 
shrinkage has been calculated according to formulas 
(2) and (3). 
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where MCE x,y,z  is the percentage contraction mean 
calculated for the external dimensions of the part 
along each axis, MCi x,y,z  is the percentage contraction 
mean calculated for the internal dimensions of the 
part along each axis and enCp , inCp are the 

percentage shrinkage calculated for each level of the 
part for the external dimensions and the internal ones. 
The general mean of the contractions was calculated 
for each axis, by using formula (4). 
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Finally, the obtained results were used for better calculating 
the scale factors of the SLS process, by taking into account 
and compensating the shrinkage that occurs during the SLS 
metal part post-processing stage in the oven. 
A new original software package was developed by 
the authors for calculating better the scale factors of 
the SLS process, taking into account the post 
processing deformations (Fig. 6). 
The new software developed in Visual C++ was 
tested and validated on the test parts and some case 
studies of producing complex metal parts by SLS. 
The FEA was used to estimate the 3D deformations 
during post processing by infiltrating the SLS steel 
parts with epoxy resins. Both experimental data 
measured on green parts and post processing data 
estimated using FEA were used as input data for the new 
FOS software, which calculates better scaling factors to 
alter the dimensions of the 3D virtual model, in order to 
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obtain good dimensions of the SLS part, as closed as 
possible to the theoretical dimensions. 
 

 
 

Fig. 6 . Input data for the new FOS software (FEA) 
 
Finally, as it could be observed in Figure 7, the user 
has the possibility to choose the designed dimensions 
on all 3 axes for different metallic parts that are to be 
manufactured on the SLS system. After the user is 
making the selection, the software will take into 
account only those values of the percentage that 
correspond for the selected level on the axes. The 
scale factors are recalculated and the optimized 
values are displayed.  
The FOS program was optimized not only for the classical 
route in the oven, but also when besides this route, 
supplementary operations, such as sand blasting or resin 
impregnation are done on the SLS metallic parts and their 
accuracy needs to be adjusted accordingly. 
 

 
 

Fig. 7. Scale factors calculated by using FOS software 
 
4. PARTS MANUFACTURED BY SLS AND 
MEASUREMENTS 
 
Two parts similar to the one presented in Figure 2 
were manufactured from Laserform St-100 powder at 
the Technical University of Cluj-Napoca – National 

Center of Rapid Prototyping - by using the SLS 
technology. The Sinterstation 2000 equipment and 
the oven presented in Figure 8 were used in order to 
manufacture the parts. 
The SLS manufacturing parameters (laser power, 
layer thickness, scan spacing, build temperature, etc) 
were the same in both cases. The only difference 
consisted on the applied scale factors. One part has 
been manufactured by taking into account the scale 
factors determined by using the classical method 
(DTM) of calculation (1,02054 – X-axis; 1.02144 –
Y-axis and 1.01950 – Z-axis). The other one has been 
scaled according to the calculus done by using the 
FOS software (1.01916 – X-axis; 1.01859 – Y-axis 
and 1.01674 – Z-axis).  
 

 
 

   
 

Fig. 8. Parts manufactured by using the Sinterstation 2000 
equipment and the oven  (TUCN) 

 
After being manufactured, the parts were measured at 
TUCN – Regional Center of Industrial Metrology – 
by using Werth Video Check IP 250 equipment, as 
illustrated in Figure 9. Both, external and internal 
dimensions were measured 5 times, the mean being 
considered for each measure that was taken. The 
obtained results are presented in Figure 10. The 
manufacturing errors on X, Y and Z-axis are 
comparable and systematic in all three cases that 
were presented in Figure 10 (FEA, DTM and FOS). 
The measurements that were performed at TUCN by 
using the Werth Video Check IP 250 equipment 
confirmed the fact that there are small differences 
between the estimated deformations and the expected 
ones after the post-processing stage in the oven (in 
the range of 0,05-0,07 mm). 
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Fig. 9. Parts measured by using Werth Video 
       Check IP 250 equipment (TUCN) 

 
 

 X-Outside Y-Outside 

CAD X-FEA X-DTM X-FOS Y-FEA Y-DTM Y-FOS 

10 10,017 10,032 10,032 10,017 10,042 10,035 

20 20,028 20,051 20,045 20,028 20,062 20,063 

30 30,035 30,071 30,072 30,035 30,093 30,084 

40 40,054 40,093 40,087 40,054 40,118 40,117 

50 50,073 50,124 50,111 50,073 50,135 50,128 

60 60,091 60,161 60,142 60,091 60,163 60,141 

70 70,110 70,183 70,163 70,110 70,189 70,152 

80 80,128 80,196 80,178 80,128 80,204 80,178 
 X-Inside Y-Inside 

10 9,985 9,962 9,961 9,985 9,954 9,951 

20 19,972 19,941 19,944 19,972 19,923 19,932 

30 29,965 29,925 29,947 29,965 29,911 29,927 

40 39,954 39,917 39,922 39,954 39,885 39,906 

50 49,938 49,896 49,902 49,938 49,869 49,883 

60 59,916 59,865 59,883 59,916 59,843 59,861 
 Z-Outside-I Z-Outside-II 

CAD Z-FEA Z-DTM Z-FOS Z-FEA Z-DTM Z-FOS 

10 10,009    10,021 10,014 10,009 10,028 10,018 

20 20,027 20,044 20,037 20,027 20,062 20,041 

30 30,051 30,092 30,061 30,051 30,083 30,066 

40 40,065 40,117 40,108 40,065 40,108 40,113 

   50 50,079 50,125 50,113 50,079 50,128 50,116 

60 60,093 60,144 60,128 60,093 60,149 60,135 

70 70,107 70,161 70,152 70,107 70,174 70,156 

80 80,121 80,184 80,167 80,121 80,191 80,172 

Fig. 10. Measurements performed at TUCN and manufacturing errors obtained on X, Y and Z-axis 
 
The explanation for this fact came from the 
variation of temperature during the manufacturing 
stage on the SLS equipment. Applying the scale 
factors obtained by using FOS software package 
has proved to be a good solution in order to 
improve the accuracy of the SLS metallic parts 
manufactured at the Technical University of Cluj-
Napoca (TUCN).  
 
5.  TOOLS MANUFACTURED BY USING 
THE SELECTIVE LASER SINTERING 
TECHNOLOGY  
 
The new original software package FOS developed 

in Visual C++ by the authors was successfully 
tested and validated on the test parts and some case 
studies (complex metal parts, SLS tools for 
injection moulding process) that were manufactured 
by using the Sinterstation 2000 equipment from the 
Technical University of Cluj-Napoca (TUCN). 
A case study developed within the research 
presented in this paper, is a lid component of a 
grass-cutting machine (presented in Fig. 11), made 
within the Plastor SA Company from Oradea 
(Romania), in co-operation with the Brill Company 
from Germany.  The CAD model of the lid and the 
punch were designed at Plastor SA using the 
SolidWorks 2009 software (Fig. 12). 
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Fig. 11. Lid component of a grass-cutting machine 

 
The punch virtual model has been transferred to the rapid 
prototyping machine, via the *.STL files, being 
manufactured from Laserform St-100 metallic powder 
material, by using the Sinterstation 2000 equipment from 
the Technical University of Cluj-Napoca (TUCN).  

     
           Fig. 12. The part prototype and the punch 
 
The most important technological parameters used 
for manufacturing the punch on the SLS equipment 
are presented in Table 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
         
The scale factors that were applied on the x,y and z- axis 
in order to compensate the errors that occur in the SLS 
process, mainly in the post-processing stage in the oven 
were calculated by using the classical method of 
calculation (DTM method) and by using the new 
developed FOS software. The surrounding bounding box 
has been considered in the second case by having the 
following dimension: 70 x 70 x 40 mm. These values 
were selected in the FOS software as designed 
dimensions and scale factors were re-calculated 
accordingly, by taking into account only those values of 
the percentage from the caliper part (pyramide) that 
corresponds to the selected level on all the axes (Fig. 7). 
Two punches were manufactured by using the SLS 
technology, following the classical route of post-
processing stage in the oven, when at 1070 ˚C, bronze is 
being infiltrated into the SLS tools (Fig. 13). 

 
     Fig. 13. SLS tools - post-processing stage in the oven 
 
The SLS tools were afterwards measured at TUCN – 
Regional Center of Industrial Metrology (RCIM) – by 
using the Zeiss Eclipse 550 Coordinate Measuring 
Machine (CMM) - as illustrated in Figure 14. The 
dimensions were measured 5 times, the mean being 
considered for each measure that was taken also in this 
case. 

 
                     Fig. 14. Zeiss Eclipse 550 CMM 
 
Tables 2 and 3 present the obtained results. It can 
be seen that there are differences between the CAD 
dimensions and the punch manufactured by SLS. It 
can also be observed that there are some differences 
between the measurements taken for the punch 
manufactured using the classical DTM method and 
the measurements taken for the punch 
manufactured by using the FOS software.  
 
 
 
 
                        
 
 
 
 
 
 
 
 
 
It is noticeable from the results presented in Tables 2 and 
3, by comparing the CAD dimensions of the punch and 
the measured dimensions of the manufactured tools, that 

             Table 1. SLS technological parameters 
Parameter Punch 

(Laserform St-100) 
DTM FOS Scale factors 
X=1.02054 
Y=1.02144 
Z=1.00950 

X=1.01748 
Y=1.01967 
Z=1.01725 

Fill laser power 28W 
Slicer fill scan spacing 0.08 mm 
Powder layer thickness 0.08 mm 
Manufacturing temperature 98˚C 
 

Table 2. SLS measurements – punch  (DTM method) 

CAD model Manufactured punch 

De1 = 66.5 mm 
De2 = 65 mm 
De3 = 62 mm 
di = 22 mm 

Dem1 = 66.72 mm 
Dem2= 65.18 mm 
Dem3= 62.15 mm 
dim = 22.14 mm 

 
Table 3. SLS measurements – punch (FOS method) 

CAD model Manufactured punch 

De1 = 66.5 mm 
De2 = 65 mm 
De3 = 62 mm 
di = 22 mm 

Dem1 = 66.64 mm 
Dem2= 65.15 mm 
Dem3= 62.1 mm 
dim = 22.12 mm 
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there are some differences between these items around 
0.1-0.22 mm. The explanation for this came not only 
from the variation of temperature during the 
manufacturing stage on the SLS equipment, but also due 
to the hardly controllable post processing stage in the 
oven, when at 1070˚C degrees, the bronze is being 
infiltrated into the tools. By further comparing of the 
results obtained in Tables 2 and 3, it is also possible to 
observe that there are some differences between the 
measurements taken for the punch manufactured by 
using the DTM method and the measurements taken for 
the punch manufactured by using the FOS method. The 
deformations are between 0.1 – 0.22 mm in the DTM 
case and 0.1 – 0.15 mm in the second case, when scale 
factors calculated within the FOS software were applied. 
In conclusion, we can state that the SLS punch 
manufactured by applying the FOS scale factors has 
been more accurate then the one obtained in the second 
case, when DTM scale factors were applied. 
Some finishing operations to the SLS tools were 
necessary in the end in order to obtain a perfect closure 
of the active elements.   
The tests of the SLS punch behavior were made at 
Plastor SA, using a Krauss Maffei 90/340 A injection 
moulding machine illustrated in Figure 15. 
 

 
    Fig. 15. Krauss Maffei 90/340 A injection moulding  
                                        machine 
 
The injection moulding tests were made using a 
polyamide PA 6 + 30 % fibre-glass material. Some 
injected parts, using the SLS punch manufactured by 
applying the FOS scalling method are presented in 
Figure 16. 
 

        

 
Fig. 16. Injection moulded parts, using the SLS punch 

 

6. CONCLUSIONS 
 
The accuracy of the metallic parts manufactured by 
selective laser sintering (SLS) technology is mainly 
influenced by the second cycle that has to be performed 
in the oven, when at 1070 ˚C, bronze is being infiltrated 
into the parts. That is why we used the finite element 
method in order to estimate the 3D deformations of 
metallic parts that occur during the SLS post processing 
stage in the oven. The post processing data estimated 
using finite element analysis were used as input data for 
the new FOS software that has been developed in Visual 
C++ by the authors, in order to alter the dimensions of 
the 3D virtual model with the dimensions of the SLS 
manufactured part. The manufacturing errors of the 
caliper part were comparable and systematic in all three 
cases that were presented in the paper (FEA, DTM and 
FOS). Applying the scale factors obtained by using the 
FOS software package has proved to be a good solution 
in order to improve the accuracy of the SLS metallic 
parts manufactured at the Technical University of Cluj-
Napoca. The new original software package FOS 
developed by the authors was successfully tested on 
some case studies (SLS tools) that were manufactured by 
using the Sinterstation 2000 equipment from the 
Technical University of Cluj-Napoca – National Center 
of Rapid Prototyping., in cooperation with Plastor SA 
Company from Oradea. 
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