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Integrated approach for milling impeller parts

Than Lin ©, Aruna Premarathna © and Erik L.J. Bohez

Asian Institute of Technology, Thailand

ABSTRACT

This paper presents an integrated approach for 4-axis milling impeller parts. Impeller blades are
designed with a ruledsurface which is twisted to achieve the required performance. It can affect
as an undercut or overcut on the part surface and collisions during machining. A method to man-
ufacture impeller parts on a 4-axis machine is presented. Impeller 3D CAD models are implemented
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using geometric design parameters and CAM for 4axis Point Milling and Flank Milling are prepared
under the SIEMENS UG NX. A postprocessor for desktop 4-axis CNC Mill using MATLAB® and a virtual
machine tool simulator using VeriCUT® has been developed. Actual machining for impeller blades
are done with Desktop 4-axis CNC Mill for the verification and validation purposes.

1. Introduction

Advanced Technology is emerging nowadays to mini-
mize time and scrap which is major concern in indus-
tries. Most complex models can be fabricated by CNC
machines like turbine blades, impellers, and propellers
[7]. Recent advances in computer numerical control
(CNC) machining technologies are discussed in [4]. The
blade of impeller is usually designed with a ruledsur-
face which is normally twisted in design to achieve
the required performance. It can affect as an under-
cut or overcut on the part surface and collisions dur-
ing machining. The issues to satisfy the quality require-
ments, to reduce the machining time and to avoid the
occurrence of collision become an integral problem [9].
The multi-axis toolpath generation using flank milling
method has been discussed for the ruledsurface of helical
rotor [2]. Authors discussed 5-axis machining on ruled-
surface in [3]. Post-processing technology is the key to
CNC automatic programming technology and important
module of the CAD/CAM system. The NC machining
Post-Processing technology based on Siemen UG NX is
explained in [5]. Post-processing of tool path for multi-
axis milling machines, generated by the CAD/CAM sys-
tem is a critical activity in engineering work [11]. The
technological process is important to enter the process
of manufacturing of various precision engineering com-
ponents of complex shape designed for the needs of
automotive and aerospace industries [1]. A specialized
program supporting new approach to integrated design
and manufacturing processes in CAD/CAM systems

plays a vital role in concurrent engineering concept,
particularly when virtual processes are concerned [10].
Companies are always looking for new ways to increase
productivity. 4-axis and 5-axis machines are just one of
many alternatives that could possibly help increase pro-
ductivity [6]. An excellent teaching contents and meth-
ods are discussed by [8]. In the process reform construc-
tion, the integration of product form design, analysis and
automatic NC programming can drive the CAD/CAM
theory teaching.

This paper describes an integrated approach from
design to manufacturing using CAD/CAM technolo-
gies and developed post-processing program and vir-
tual machine tool simulator. The remainder of the paper
is organized as follows. First, an integrated for milling
impeller parts is presented. Following to the overview
of integrated approach, CAM for Impeller parts 3D
CAD Models using SIEMENS UG NX is explained. This
section also briefly describes the software tool used for
the function listed. After the previous section, Develop-
ment of Post-Processor for Desktop 4-axis milling CNC
is presented. Development of Virtual Machine Tool for
Desktop 4-Axis CNC Mill is shown. Finally, in the last
two sections, results and discussion is discussed and
finally a conclusion.

2. Anintegrated approach for milling impeller
parts

The main objective of an integrated approach (See Fig. 1)
is to satisfy the quality requirements, to shorten lead time
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Figure 1. An overview of Integrated Approach for Milling
Impeller Parts.

of pre-manufacturing and to avoid the occurrence of col-
lision. Impeller parts 3D CAD models are implemented
by geometric design parameters and 4-axis milling (point
milling and flank milling) is applied for manufacturing
impeller blades. Under the MATLAB® environment, a
post processor is developed using transformation equa-
tions from workpiece coordinate to machine coordinate.
A virtual simulator for desktop 4-axis CNC Mill is imple-
mented using CAD models of machine tool. Verifica-
tion and validation are done by virtual simulation and
actual cutting. Maximum size of overcut and undercut
are checked after virtual cutting. If designer satisfy the
result, actual cutting will be performed using machine
and workpiece setups. If not satisfied, design and manu-
facturing parameters will be reviewed again. A finished
model will be processed until the acceptable level is
reached. Finally, actual machining will be finalized.

2.1. CAM forimpeller parts 3D CAD models using
SIEMENS UG NX

The impeller part is a perfect example of a part which
can be very efficiently designed with help of CAD/CAM
technologies. The blade has a very complex geometric
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shape which makes it difficult to design without help of
CAD/CAM systems like Siemens UG NX. The impeller
3D CAD models are implemented using the geometric
constraints approach in UG NX. Main steps for creat-
ing Impeller parts 3D CAD Models using SIEMENS UG
NX are shown in Tab. 1. Flank milling is applied for the
impeller part type 1 and point milling is applied for the
impeller part type 2. The variable streamline operation
has been used to mill the blades (See Fig. 2). The pro-
jection vector is selected as toward line which means XC
direction and the tool axis is selected as away from the
line. Then the tool always move parallel to the blade’s wall
as shown in the Fig. 3.

Variable contour operation has been used to mill the
body of the impeller part type 2 (See Fig. 4). Surface area
selected as drive method, Normal to drive selected as pro-
jection vector and 4-axis relative to drive selected as the
tool axis. Fig. 5 shows how to define the tool axis in the
4-axis relative to drive option.

2.2. Development of post-processor for desktop
4-axis milling CNC

This section describes how we apply inverse kinemat-
ics for post-processing. The kinematics chain diagram
(Fig. 6) is drawn following to the real desktop 4-axis CNC
Mill (Fig. 8). Fig. 7 presents a virtual model of desk 4-axis
CNC Mill which will be used for the development of vir-
tual simulator. Coordinates of frames shown in Fig. 9 are
set for the transformation matrix equations (see Equa-
tions (1-14). Inverse kinematics is used and a program
is developed using MATLAB®.

- O to O, Coordinate Transformation

X = X1 + X, (1)
Y, =Y, +Y? (2)
Zy =71+ 7} (3)
- O, to Rotation A
X(A) =X, (4)
Y5(A) = Y, Cos A — Z, Sin A (5)
Z2(A) = Z, Cos A+ Y, Sin A (6)
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Table 1. Main steps for creating impeller parts 3D CAD Models using
SIEMENS UG NX.

Step Impeller Type 01 Impeller Type 02

Sketch of the blade

Draw shape of the blade

Completed model Completed model
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Figure 2. CAM Tool Path Generation (Flank Milling).



Figure 3. Movement of the tool.
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Figure 4. CAM Tool Path Generation (Point Milling).
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Figure 7. A Virtual Model of Desktop 4-Axis CNC Mill.

Figure 8. A Real Desktop 4-axis CNC Mill.

Figure 9. Coordinates of frames for Post-processing.

Figure 10. Completed model implemented in VeriCut®.

2.3. Development of virtual machine tool for
desktop 4-Axis CNC Mill

A virtual machine tool (see Fig. 10) is constructed using
VeriCut® after importing CAD models of Desktop 4-axis
CNC Mill. Kinematic links are set and machine setup and
parameters are set following to the real CNC machine.
Veritying calculation’s results by using postprocessing
under Matlab and virtual simulation test under the Ver-
icut are analyzed first. After moving three translational
axis and one rotational axis from calculated values, the
CL vector coincided with the tool (See Fig. 11-12).

After verification and validation of the model, virtual
cutting on impeller parts (Type 1 & 2) are performed (See
Fig. 13 & 14).

3. Results and discussion

Tab. 2 shows the parameters and results of 4-axis machin-
ing on impeller blades. By using this approach, designer



COMPUTER-AIDED DESIGN & APPLICATIONS

1) g g Dianns  ©

Teaves bevet o ] o hirs ot g

FLaP 000w

Toal Doartmten |ormal -

Qe

Il s X0 = 20288

| Trawed vt s vkl of does ook et

PHOSHDm

| ool Onaritaton dormal T
Tost Aus Ofiset |
! Touk Tangent Oftuet
| ot ok Asin

Modal BuePine [ ]

=P mpowtea § o

22 imini=]~

NC ok List

Figure 12. Final Position of the machine.

Base (MachinaCut Slock)

Figure 13. Virtual Cutting Simulation for Impeller Type 1.

| Alminrs save localion | Save Locaton o List |

e b il

Vi View 7 < Shock (Wirkgietn)

185



186 (&) T.LINETAL.

VA i 1 - Bacs (M onn e e

Figure 14. Virtual Cutting Simulation for Impeller Type 2.

Table 2. Result and parameters of 4-axis machining impeller blades.

Impeller 3D CAD Models using Impeller Model Impeller Model
geometric design parameters Type 1 Type 2

Manufacturing Parameters set for toolpath generation in CAM & Actual Cutting

Type of Milling Flank Milling Point Milling

Drive Method Streamline or Surface Area Surface Area
Projection Vector Toward Line (+XC) Normal to Drive

Tool Axis Away from Line (4XC) or Swarf Drive 4-axis relative to Drive (4+-XC)
Feed rate (mm/min) 80 90

Tool Dia (mm) 3 mm Flat End Mill 3 mm Flat End Mill

Results of Actual Cutting on an Impeller Blade
Finished Blade after Actual Cutting on Desktop 4-axis CNC Mill

Machining Time (min/Blade)
Maximum Size of undercut (mm)
Maximum Size of overcut (mm)




can check the output of maximum undercut and overcut
until target is achieved.

4. Conclusions

An integrated approach for milling impeller blades are
discussed and presented. A post-processor for desk-
top 4-axis CNC Mill and virtual machine tool simu-
lator has been developed for a real 4-axis CNC. By
using CAD/CAM technologies and developed programs,
actual cutting on impeller blades are performed. Pro-
grams are verified and validated. By using this approach,
reducing lead time, increasing quality and avoiding colli-
sion can be achieved. Besides this advantage, this tool can
be used for teaching students as an educational tool.

ORCID

Than Lin © http://orcid.org/0000-0003-0522-4073
Aruna Premarathna ‘© http://orcid.org/0000-0002-5336-2932
Erik L.J. Bohez ‘© http://orcid.org/0000-0003-0476-4115

References

[1] Dubovska, R.; Jambor, J.; Majerik, J.: Implementation of
CAD/CAM system CATIA V5 in Simulation of CNC
Machining Process, Procedia Engineering, 69, 2014,
638-645.

[2] Lee, J. N; Huang, C. B.; Chen, T. C.: Toolpath Genera-
tion Method for four-axis NC machining of Helical Rotor,
Journal of Achievements in Materials and Manufacturing
Engineering, 31(2), 2008, 510-517.

(3]

(10]

(11]

COMPUTER-AIDED DESIGN & APPLICATIONS 187

Lin, T; Lee, J.-W.; Bohez, E.: A New Accurate Curvature
Matching and Optimal Tool Based Five-axis Machining
Algorithm, Journal of Mechanical Science and Technol-
ogy, 23, 2009, 2624-2634.

Li, Y; Lee, C.-H.; Gao, J.: From computer-aided to intel-
ligent machining: Recent advances in computer numer-
ical control machining research, Journal of Engineering
Manufacture, 229(7), 2015, 1087-1101. https://doi:org/
10.1177/0954405414560622.

Magambo, S.; Ying, L.: The NC Machining Post-
Processing Technology Based on UG, Journal of Science
and Research, 2(9), 2013, 131-134.

Sherman, D.; Cleve, A. V.: The Decision Process of Tran-
sitioning from a 3-Axis to a 4-Axis or 5-axis Milling
Machine, A Senior Project, California Polytechnic State
University, May 2013, 1-31.

Vineethkar, J.-J.; Umasekar, V. -G.: Multi Axis Machining
of Turbine blade Using 4- Axis Machining Center, Interna-
tional Journal of Engineering and Computing, 6(9), 2016,
2311-2314.

Yixian, D.; Qihua, T.; Xuan, D.; Kongde, He.: CAD/CAM
courses integration of theoretical teaching and practical
training, Procedia-Social and Behavioral Sciences, 116,
2014, 4297-4300.

Young, H. T; Chuang, L. C.: An Integrated Machin-
ing Approach for a Centrifugal Impeller, The Interna-
tional Journal of Advanced Manufacturing Technology,
21, 2003, 556-563.

Zietarski, S.: System Integrated Product Design, CNC
Programming and Postprocessing for Three-Axis Lathes,
Journal of Materials Processing Technology, 109, 2001,
294-299.

Zivkovic, S.: NX CAM Post Processing Errors: Machine
Data File Generator vs. Post Builder, FME Transactions,
44,2016, 159-164.


http://orcid.org/0000-0003-0522-4073
http://orcid.org/0000-0002-5336-2932
http://orcid.org/0000-0003-0476-4115
https://doi:org/10.1177/0954405414560622
https://doi:org/10.1177/0954405414560622

	1. Introduction
	2. An integrated approach for milling impeller parts
	2.1. CAM for impeller parts 3D CAD models using SIEMENS UG NX
	2.2. Development of post-processor for desktop 4-axis milling CNC
	2.3. Development of virtual machine tool for desktop 4-Axis CNC Mill

	3. Results and discussion
	4. Conclusions
	ORCID
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [609.704 794.013]
>> setpagedevice


