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Abstract. Moriseiki DMG 50U 5 Axis CNC machine that has a table-table 

configuration with 3L-2R machine type. Different configurations result in 

different machine movements, hence the need for a post-processor. The post-

processor is an interface that connects the CAM software system and the 

numerical control machine. The post-processor has a work function to convert CL 

data or Toolpath from CAM software into numerical language in accordance with 

the machine control used. This research aims to create a post-processor with a 

safe procedure for use on the Moriseiki DMG 50U 5 Axis CNC machine. The 

post-processor that has been made will be tested to make a product with indexing 

and simultaneous cutting methods then analyze the geometry of the product. The 

resultshow the post-processor can be used properly and can meet the demands to 

make products and can use in the Moriseiki DMG 50U 5 Axis CNC machine. 

Keywords: component; formatting; style; styling; insert (key wordPost-

processor, Siemens NX 12, 5-axis machine, Numerical control. 

1 Introduction 

In general, all CAM software can output general data called Cutter Location (CL file). 
This data is in the form of a TXT file containing movement coordinate data, cutting tools 
and so on. So that CAM data can be executed on a CNC machine, the resulting CL data 
must be converted into a language that can be understood by the CNC machine. The 
language commonly used on a CNC machine is called G language (G-code). Post-
processor is needed to change the CL datainto G language which must be adapted to the 
machine configuration and controls used on CNC machines. CNC machines have been 
widely used in the manufacturing industry because of their advantages, especiallyfrom 
in terms of precision, accuracy, cutting productivity and complexity of work that can be 
handled [1], especially on 5 Axis CNC machines. 5 axis CNC machining provides 
excellent machining capabilities to machine parts from any direction in one operation 
and machining setup, to eliminate the need for manual repositioning of the workpiece 
between operations as is done in 3 axis CNC machining and therefore, productivity and 
accuracy is improved, while reducing production time [2]. 5 axis machines have various 
configurations according to the kinematic chain of axes, namely translation and rotation 
[3]. It could be said that a 5 Axis CNC machine is a CNC machine that has 3 linear axes 
(X, Y, and Z) and 2 additional rotary axes. The rotary axis of a 5axis machine can be 
designed in a variety of configurations and kinematic structures [4]. 

  

© The Author(s) 2024
M. U. H. Al Rasyid and M. R. Mufid (eds.), Proceedings of the International Conference on Applied Science and
Technology on Engineering Science 2023 (iCAST-ES 2023), Advances in Engineering Research 230,
https://doi.org/10.2991/978-94-6463-364-1_109

mailto:haris@polman-bandung.ac.id
https://doi.org/10.2991/978-94-6463-364-1_109
http://crossmark.crossref.org/dialog/?doi=10.2991/978-94-6463-364-1_109&domain=pdf


 

 

Fig 1:5 Axis CNC Machine Axis System [5]. 

Several studies have been carried out in post-processor development, including Haris 
Setiawan and Arif Budiman who developed post-processor manufacturing procedures 
using SolidCAM 2015 software used on the DMG 50U 5 axis CNC machine [6]. Yogi 
Muldani H. who made the post-processor using SolidCAM 2010 software used on the 
Moriseiki Nmv5000dcg 5 axis CNC machine [7]. Meanwhile Yun, et al. (2013) 
developed a post-processor on a combination of machines with types 2R-3L (two rotary 
axes) and 3R-2L (three rotary axes) with the method used being Locations of Joint 
Points. The advantage of this method is that it does not require inverse kinematic and 
forward kinematic equation methods [3]. Sharifa Magambo and Liu Ying created a post-
processor based on UG for the Fanuc system [8]. The post-processor in the SIEMENS 
NX 12 software consists of 4 files which function to produce machining programs in 
numerical language (G-code) according to machine specifications, controls and features. 
These files are CDL, PUI, DEF, and TCL. CDL files function to create UDE (User 
Defined Events), PUI files function to define pre-postprocessor parameters, DEF files 
function to define machine configurations so that the resulting program output complies 
with certain machine specifications, and TCL files function to define commands. how 
the toolpath is built into a g-code for a particular machine. The focus of this research is 
how to develop a post-processor using SIEMENS NX 12 software and a 5 axis DMG 
50U CNC machine of type 3L-2R (3 linear axes and 2 rotary axes) with Heidenhain 
iTNC 530 series control. 

2 Method 

This research was carried out through several stages,including, (i) Machine 

identification. (ii) Create a simulation engine. (iii) Create a post-processor. 
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Fig 2. Flowchart for this research. 

3 Machine Identification 

The DMG 50U machine is a 5 axis CNC machine equipped with Heidenhain iTNC 530 
control, this machine can carry out milling and drilling machining processesand can 
carry out indexing and simultaneous cutting methods so that this machine is able to work 
on workpieces with complex profiles and contours (freeform surfaces). complex parts).  
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Fig 3. CNC 5 axis CNC Machine DMG 50U Axis System [6]. 

This machine has type 3L-2R, which means this machine consists of 3 linear axes and 2 
rotary axes. The 3 linear axes on this machine are found on the machine spindle so that 
the spindle can move on the X, Y and Z axes. 2 rotary axes are found on the machine 
table where the first rotary axis is the B axis its axis rotates about the Y axis. The second 
is the C axis it axis rotates about the Z axis. These five axes can move simultaneously. 
The following are the specifications of the 5 axis DMG 50U CNC machine which are 
listed in table 1. 

 

Table 1:DMG 50U CNC 5 axis Machine Spesification [9] 
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3.1 Create an Simulation Engine 

Creating a simulation engine on the SIEMENS NX 12 involves three main 

segments[10]. The first step is to create detailed geometric modeling of each part and 

assembly model with appropriate constraints.The second step is to identify the CAD 

model. Determine the junction of workpiece holding and tool holding.The third step 

involves a post-processor designed for the machine tool which will later be stored in 

the machine database file.The final stage of creating a simulation machine is creating a 

virtual control and post processor. The general procedure that can be established for 

any machine tool having 'n' number of axes can be explained with the flow diagrams 

shown in Figures 4 and 5. These figures show creating a kinematic model in SIEMENS 

NX 12 and creating a machine tool entry in NX native each in the native NX library 

[10]. 

 

 

Fig 4.Flowchart for create kinematics models in Siemens NX12. 
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Fig 5. Flowchart for create machine tool entry in Siemens NX12. 

3.2 Post-Processor Creation 

The post-processor created consists of 4 files, namely: CDL File, PUI File, DEF File, 
and TCL File. The creation of the post-processor was carried out using special software 
provided by SIEMENS, namely Post Builder. The process consists of defining the 
machine configuration and creating a program to convert the CL file into a numeric 
language (G-code). The program definition step is carried out in the Machine Tool menu 
by adjusting the machine configuration in the software with the DMG 50U machine 
configuration which has a -table-table configuration (both rotating axes are on the 
machine table) with a 3L-2R machine type or 3 linear axes (X, Y, and Z) and 2 rotary 
axes (B and C). Definitions in the Machine Tool menu as shown in Figure 6. 
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Fig 6. Machine congfiguration definition in Machine Tool Menu. 

In the step of creating a program to convert a CL file into G-code, this is done in the 
Program & Toolpath menu by creating a program that requires the resulting G-code 
output to be the same as the G-code structure that can be read and executed by a machine. 
Creation in the Program & Toolpath menu is divided into 5 parts, namely: Program Start 
Sequence, Operation Start Sequence, Toolpath, Operation End Sequence, and Program 
End Sequence. Program creation in the Toolpath menu as shown in Figure 7. 

 

Fig 7. Program Creation in Program & Toolpath. 

4 Result 

The result of this research is a new post-processor for the DMG 50U 5 axis CNC machine 
which can be used in SIEMENS NX12 software. Validation of the post-processor was 
carried out by G-code analysis and experimental studies with geometric results from 
direct cutting methods for indexing and simultaneous cutting methods which were 
executed with reference to the simulation machine that had been created. The following 
are the results of the analysis of the G-code produced by the post-processor. 
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Fig 8. Workpiece for direct cutting methods. 

 

4.1 G-Code Indexing Analysis 

This method uses coordinate system rotation, so to move the tool plane in position 1 to 
position 2 you must create a new MCS (machine coordinate system) which has been 
defined as a rotating CSYS (coordinate system) that references the first MCS (machine 
coordinate system).The following is the g-code that has been generated from the post-
processor, the g-code has successfully translated the movement of the MCS or tool plane 
of the workpiece as shown in Figure 9. 

 

 

Fig 9. G-code that has been generated from the post-processor. 

After the g-code has been successfully generated, we must validate the data from the 
g-code generated by the post-processor that was created. Therefore, a transformation 
matrix is used to calculate the linear axis displacement (shifting) so that the g-code data 
produced by the post-processor can be validated, namely as follows: 
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The calculation will be carried out on the Y axis, because the workpiece rotates about 
the B rotation axis and the C rotation axis, the rotation matrix formula on the Y axis is 
used: 

[
𝑐𝑜𝑠 𝜃 0 𝑠𝑖𝑛 𝜃
0 1 0

− 𝑠𝑖𝑛 𝜃 0 𝑐𝑜𝑠 𝜃
] 

So, 

[
𝑐𝑜𝑠 𝜃 0 𝑠𝑖𝑛 𝜃
0 1 0

−𝑠𝑖𝑛 𝜃 0 𝑐𝑜𝑠 𝜃
] [
𝑋
𝑌
𝑍
] = [

𝑋𝑐𝑜𝑠 𝜃 0 𝑍 𝑠𝑖𝑛 𝜃
0 𝑌 0

−𝑋𝑠𝑖𝑛 𝜃 0 𝑍 𝑐𝑜𝑠 𝜃
] = 

[
(0)𝑐𝑜𝑠(90) 0 (−32.5) 𝑠𝑖𝑛(90)

0 41.25 0
− (0)𝑠𝑖𝑛(90) 0 (−32.5) 𝑐𝑜𝑠(90)

] = [
0 0 −32.5
0 41.25 0
0 0 0

] 

In other words, the shifting value of the rotary axis C which is rotated from the reference 
axis corresponds to the angle given in the transformation data and is both at coordinates 
X0 Y41.25 Z-32.5. 

4.2 G-Code Simultan Analysis 

APT post-processor is a postprocessor for generating neutral cutter location programs 

or neutral files on NX CAM, neutral files define coordinates x, y, and z to define linear 

movement and vectors i, j, and k to define the angle of movement of the rotary axis. 

The following is an analysis comparing the neutral file with the g-code generated by 

the post-processor. Calculating the angular displacement of vectors I, j, and k: 

GOTO/-3.5715, 27.1594, -23.9602, 0.0478327, 0.7054871, 0.7071068 

G-code results: 

L X-3.571 Y27.159 Z-23.96 B45 C86.121 

The following is the position of the analyzed coordinates, as seen in Figure 10: 

 

Fig 10. The coordinate position that analyzed. 

4.3 Machine Simulation Result 

The following is a DMG 50U virtual machine that has been created in SIEMENS NX 

software, as can be seen in Figure 11. 
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Fig 11. Virtual machine DMG 50U. 

After the DMG 50U virtual machine is created, the simulation must be able to detect 

collisions that may occur. Collisions can be checked at two nodes either in 

programming or during workpiece simulation [10]. Can be seen in Figures 12 and 13. 

 

Fig 12.Checking the collosion in CAM Operation. 

 

Fig 13. Checking collision in the machine virtual simulation. 

Validation of the simulation machine is carried out by feeding the facing using the 

indexing cutting method in a position where there is a risk of collision during the 

process. As shown in Figure 14. 
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Fig 14. Test Cutting and implementation. 

4.4 Analysis the Workpiece Geometry in Indexing Machining 

After executing the program on the machine, the geometric analysis process is then 

carried out on the workpiece, the workpiece is measured to ensure whether the 

geometry of the measuringworkpiece resulting from the machining is the same as the 

geometry of the workpiece design that has been created in SIEMENS NX 12 CAD 

software, the measuring and auxiliary tools used for measuring the workpiece. Table 2 

shows the measurement data. 

 
Table 2:Data Result of the Dimensio for Workpiece Geometry in Indexing Machining 
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From Table 2 it can be seen that each size of the workpiece experiences deviations. 

However, the test workpiece has the same characteristics as the 3D model created. So 

it can be said that the ¬g-code produced by the post-processor is correct. 

 

4.5 Analysis the Workpiece Geometry in Simultan Machining 

After executing the program on the machine, the geometric analysis process is then 
carried out on the workpiece, the workpiece is measured to ensure whether the geometry 
of the workpiece resulting from the machining is the same as the geometry of the 
workpiece design that has been created in SIEMENS NX 12 CAD software, the 
measuring and auxiliary tools used for measurig the workpiece. Table 3 shows the 
measurement data. 

 

Table3: Data Result of the Dimensio for Workpiece Geometry in Simultan Machining 

 

From table3 it can be seen that each size of the workpiece experiences deviations. 
However, the test workpiece has the same characteristics as the 3D model created. So it 
can be said that the g-code produced by the post-processor is correct. 

4.6 Workpiece Geometry Analysis Using VXelements Software 

Measurements for analysis of geometric results are also carried out using VXelements 
11 software. This measurement process is carried out to determine how large the size 
deviation value is from the machining results. Measurements were carried out by 
comparing the 5-axis simultaneous deburring design model with the 5-axis simultaneous 
deburring model that had been produced from the machining process, where the 
machining model was taken from the 3D scanning process. 

The maximum nominal tolerance selected is 0.1mm while the minimum nominal 
tolerance selected is -0.1mm.  

After determining the tolerance limits, the next step is to compare the 5-axis 
simultaneous deburring design model with the 3D scanning model. The results of the 
comparison show differences in deviation which are marked by differences in color. 
Given these differences, different points are taken from each color to display the 
deviation value. Based on these results, 8 points were taken as a reference for size 
comparison. The following are the results of the size comparison that has been carried 
out. 
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Fig 15. Workpiece Geometry Analysis Comparison Result. 

 

Table 4:Deviation Data Form Comparison Result 

 

Based on the status data, there are 5 points that fall within the nominal tolerance and 
there are 3 points that do not match the nominal tolerance because the results of 3D 
scanning with a resolution of 0.2 are less than optimal for objects that have a profile 
measuring 0.5 with a shiny surface. 

5 Conclusion 

Here are several conclusions that can be drawn from this research they are, 

1. A post-processor has been created and can generate toolpath data contained in the 

SIEMENS NX software into a numerical language (G-code) that can be executed 

on a 5 axis DMG 50U CNC machine. 

2. After analysis, the G-code produced by the post-processor is in accordance with 

the toolpath data that has been created in the SIEMENS NX software. 

 

References 

1 A. Winarno, S. Lasiyah, I. A. Hendaryanto, F. X. Sukidjo and B. T. Prayoga, 
"DEVELOPMENT OF ACCURACY EVALUATION METHOD FOR OPEN LOOP 
EDUCATIONAL CNC MILLING MACHINE," JURNAL REKAYASA MESIN, vol. 

1214             H. Setiawan et al.



 

12. J. Clerk Maxwell, A Treatise on Electricity and Magnetism, 3rd ed., vol. 2. Oxford: 
Clarendon, 1892, pp.68-73.( 2021) 

2 C. AM, L. MT, H. NH and L. CH, "A Framework for Practically Effective Creation of 
Postprocessors for 5-Axis CNC Machine with All Possible Configurations and Working 
Mechanisms,". K. Elissa, “Title of paper if known,” unpublished.( 2023) 

3 J. Yun, Y. Jung and T. Kurfess, "A Geometric Postprocessing Method for 5-axis Machine 
Tools using Locations of Joint Points," vol. 14, (2013.) 

4 C. A. My and E. L. Bohez, "A novel differential kinematics model to compare the 
kinematic performances of 5-axis CNC machines," 2019M. Young, The Technical 
Writer’s Handbook. Mill Valley, CA: University Science, (1989) 

5 K. Apro, Secret of 5-axis Machining, New York: Industrial Press, Inc, (2009) 

6 H. Setiawan and A. Budiman, "PENGEMBANGAN POSTPROCESSOR UNTUK 
SOFTWARE SOLIDCAM 2015 DAN MESIN CNC 5 AXIS DMG 50U," (2016) 

7 Y. M. H, Pembuatan Postprocessor Untuk Software Solidcam dan Mesin CNC 5 Axis 
Moriseiki Nmv5000dcg, Bandung, (2011.)( 2010) 

8 S. Magambo and L. Ying, "The NC Machining Post-Processing Technology Based on 
UG," vol. 2, no. 9, p. 131, (2013) 

9 D. M. G. Seebach, Operating Instructions, Germany: Traunreut,( 2006) 

10 S. M. Shinde and R. Lekurwale, "Synthesising of flexural spindle head micro drilling 
machine tool in PLM environment," (2021) 

11 Siemens ®UG NX 12 Post Builder Help Manual. 

12 M. S. Adivarekar, Development of a postprocessor for a multi-axis CNC milling center, 
Missouri: Missouri University of Science and Technology,( 2013) 

13 A. Budiman, Pengembangan Postprocessor untuk Software Solidcam 2013 dan Mesin 
CNC 5 Axis DMG 50U, Bandung: Politeknik Manufaktur Bandung, (2015) 

14 M. Cope, The Power of FIVE: The Definitive Guide to 5-Axis Machining, Indianapolis: 
Hurco companies, Inc, (2017) 

15 D. J. G. Heidenhain, User manual Programming iTNC 530, Germany: Traunreut,( 2011) 

16 L. Kunwoo, Principles of CAD/CAM/CAE Systems, New York: Addison Wesley 
Longman, Inc, (1999) 

17 T. Rooker, G. Potts, K. Worden, N. Dervilis and J. Stammers, "Comparing approaches 
for multi-axis kinematic positioning in machine tools," vol. 235(10),( 2021) 

 

 

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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