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Abstract

The objective of this research is to contribute an experimental guideline to manufacture micro-impellers by micro-milling
process. This guideline is composed by analyzing and resuming the machining result that performed this research and related
findings from other published journals. Numbers of machining process were performed in order to see the feasibility to produce
micro-impellers. There are three important aspects that must be considered for manufacturing a micro-impeller, which are the
geometric design of the micro-impeller, optimum cutting parameters and machining strategy to manufacture pre-eminent
micro-impeller. The capability of available commercial CAD/CAM system to design micro-impeller is found adequate to confirm
the design requirement in certain range of dimension. The constraints to manufacture micro-impeller such as dimensional
tolerance, burrs occurrence, and work piece deflection must be considered appropriately. Indeed, this paper is an
experimental reference to plan manufacturing process for micro-impeller or other micro-product.
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1. Introduction 2. Methods

The demand of micro technology to produce various
micro-products such as micro-impeller is increasing.
Micro-impeller consists of number of blades which might
have a complex shape. Several methods have been used
to produce micro-impeller successfully such as Electro
Discard [1], photolithography with ultra-thick photo resist
(SU-8 3000) [2], LIGA process for resin material [3], mold
Shape Deposition Manufacturing (SDM) for silicon nitride
material [4] and micro-milling process [5] [6]. Among
these methods, 5-axis micro-milling is a preferable
method to produce micro-impeller with complex shape of
blades.

Micro-milling is a scaling down technoclogy from
macro/conventional milling process; however in some
circumstances, it has its own characteristics which differ
with macro-milling process due to its size-effect [7] [8] [9]
Many researchers investigated the characteristics of
micro-milling process and a lot of experiments were done
to understand the behavior of micro-milling process.
However, the information about micro-milling technology
especially to produce a certain product is still scattered.
There is no integrated reference or guideline about how
to develop a micro-product such as a micro-impeller.

In this paper, a guideline about micro-milling process
that related to micro-product is explained in detail, in
terms of design feasibility and constraints, planning the
machining strategy by using commercial CADI/ICAM
system, and cutting parameter selection. Several of
cutting experiments to produce micro-impeller were
performed to investigate and verify the information. This
integrated guideline emphasizes the knowledge of micro-
milling process. The discussion is presented in three main
categories which are the micro-impeller design
consfraints, machining strategy, and cutting parameter
selection.

There are two approaches used to compile the guideline,
which are literature review and experimental analysis. The
first approach is by resuming important and relevant
information from journals or research reports. All information
in the journals was classified into three aspects which are the
design constraints, machining strategy and cutting parameter
selection. The design constraints to produce micro-impeller
were investigated throughout the reviewed journals. Journals
that discussed about thin wall and its problems were
summarized. The practical cutting parameters which applied
in the experiment, such as work piece material, tool material,
tool geometry and tool coating, cutting speed, feed-rate, the
effect of tool ware, surface roughness and burr characteristic
are concluded. These practical cutting parameters are tabled
and categorized based on work piece material. However,
there is a lack of information about the machining strategy for
micro-milling process, thus must be further investigated by the
second approach which is performing experiments to produce
micro-impeller.

The investigation begins from design to the machining
process. An integrated available commercial CADICAM
system is used to design micro-impeller. The capability and
reliability of CAD/CAM system to design micro-impeller is
analyzed. The machining strategy, such as the type of
operation, cutting direction, cutting patterns, engage and
retract strategy have to be determined appropriately, since it
influence the product quality and effectiveness of the micro-
milling process. Furthermore, the cutting parameter must be
selected by considering the literatures and the optimum
cutting parameter applied in the preliminary experiment of this
research. It is necessary to select the optimum cutting
parameter for the best result, but machine capability to reach
certain cutting parameters such as spindle speed must be
considered.

In this research, micro-milling process is performed on a




miniaturized micro-milling machine, Hadiia Micromill-5X,
as shown in Fig.1.Various tools with diameters of 0.1 and
0.2 mm are used to produce micro-impeller from AA7T075
material. The micro-impeller is designed with a diameter
of 2 mm and 3 mm, and with a blade thickness of 10 um
and 50 pum.

Fig.1. Micro-milling machine, Hadia micromill-5X
3. Design Constraint

Impeller is a main part of a compressor which is
designed to transfer energy or increase fluid pressure.
Impeller is designed by calculating several parameters
such as fluid flow rate, discharge velocity, total head
change, etc., to conform the desired working capacity.
The result of calculation defines the impeller geometry
and dimension. However, due to some shortage of micro
technology, it is necessary to acknowledge the capability
of micro-milling process on producing micro-impeller.

The most important obstacle in designing micro-
impeller is to define the acceptable blade thickness.
Blade has the same shape of thin-wall that gather around
forming a micro-impeller. Li et al [10] proved that
peripheral micro-milling process could produce 8 pm
thicknesses of thin-wall, but with inadequate quality. The
proper guality of thin-wall with a thickness of 14 pm could
be obtained by performing the cutting sequence proposed
in the research.

Due to the complexity to design an impeller, CAD
software is generally used to assist the design process.
Available CAD software is not prepared for design micro-
parts exclusively. There are few things need to be
considered during the design phase, especially to
generate extra complex thin-wall of micro-blades.

Various micro-impellers were designed using an
available CAD/CAM system. An integrated CAD/CAM
system is chosen, because the simplicity to transfer the
part designs into manufacturing process design.
Transferring micro-part design from different CAD and
CAM system might result in misinterpretation of data
points.

4. Machining Strategy

Complex product such as micro-impeller requires a
good planning regarding the tool movement, cutting
direction and cutting sequences, known as machining
strategy. Machining strategy is identical to tool path
generation. Brinksmeier et al [16] stated that
commercially available CAM tools was not suitable for
tool path generation of ultra-precise micro-milling
machine, due to the lack of machine kinematic in
commercial CAM software. However, in this research, a

kinematic calculation and post-processor was developed to
overcome the problem. One of post-processing tasks is to
interpret the data point in the CL file and transform it into
appropriate command to control the micro-miling machine
movement. Thus, the commercial CAM system can be used
to generate the micro-part tool path. It is found that, with some
considerations, machining strategy developed using
commercial CAD/CAM system is satisfying, according to
shape and dimension comparison between design and
machined micro-impeller.

Despite of a special feature to design impeller is available
in an integrated CAD/CAM system, it considers difficult to
imposing the micro-impeller design in micro dimension.
Therefore, skill to operate the CAD/CAM system to generate a
tool path is highly needed. Some parameter such as feed and
speed, cut direction, tolerance, smoothing, etc. needs to be
justified. To produce minimum burr, conventional or up-milling
cutting must be selected. Set the minimum value of intol and
outtol in Tolerance. This setting affects the number of data
point generate by the CAM system. More data point is
produced within minimum tolerance. Although it needs more
computing time, the computer capability still can pursue the
requisites.

5. Cutting Parameters

Cutting parameter such as depth per-cut, cutting speed,
and feed-rate is generally defined based on the work piece
material, cutting tool and type of process (i.e. roughing, semi-
finishing or finishing). Tool with diameter less than 2 mm is
classified as a micro tool. It has a similarity of material,
geometry and coating with conventional/macro tool, but in a
smaller dimension. The small size of the tool makes it very
difficult to inspect with naked eyes. Rejected tool could send
to the customer coincidently. Random inspection of available
micro-tool was performed using SEM. It is found that one of
carbide micro tool with a diameter of 0.1 mm is not in
acceptable condition, as shown in Fig. 2. It seems that some
substance, whether the tool coating or excessive tool material
is covering the cutting tool surface.

(a) (b)
Fig. 2 Unacceptable micro-tool conditions (a) 500X
(b} 5,000X

Recommended cutting parameter is commonly provided
by the tool manufacturer. However, sometimes the capability
of micro-milling machine cannot comply with the manufacturer
recommendation. Thus, practical reference of cutting
parameters in needed. This practical reference is compiled
and tabled from other published experiment reports and
journals.

Fig. 3 shows a range of spindle speed and feed-rate that
applied to various work piece material, which is collected from
journals. It describes that most of the micro-milling processes
were performed with spindle speed less than 100,000 RPM,
and feed-rate less than 640 mm/min. Meanwhile, Fig. 4 shows




the range of depth per-cut that applied in micro-milling
process, which are generally smaller than 0.5 mm.
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Fig.3.The range of spindle speed and feed-rate for various
workpiece materials.
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Fig.4.The range of depth per-cut and spindle speed for various
workpiece materials.

Several literatures explained that the cutting
parameter affects tool wear [11] [12], surface roughness
[13] and burr formation [14] [15]. It is true that improper
selection of cutting parameter will result in poor quality of
the micro-impeller. One of the crucial problems in micro-
milling is burr occurrences. Burr is a result of improper
cutting parameter selection or tool ware. Micro-burr
aggravates the micro-impeller quality. Fig.5. shows a 2
mm diameter of micro-impeller which covers with burr.
The micro-impeller was manufactured with 0.1 mm
diameter of carbide nACro coated flat end-mill tool which

has two flutes. The depth per-cut, spindle speed and feed-rate
are 0.01 mm, 80,000 RPM, and 60 mm/min, respectively.

Fig.5. Micro-impeller with diameter of 2 mm developed with depth per-
cut, spindle speed and feed-rate of 10 um, 80,000 RPM, and 60
mm/min, respectively.

In order to find the optimum cutting parameter, cutting
experiments was performed to investigate the suitability
cutting parameters for AA7075. This data of cutting parameter
is used as a reference to perform the following machining
process to produce satisfactory micro-impeller. Fig.6. shows
an adequate quality of 3 mm diameter micro-impeller. Ball-
nose Mega-T coated carbide tools with diameters of 0.2 mm
were used.

Fig.6. Micro-impeller with diameter of 3 mm developed with depth per-
cut, spindle speed and feed-rate of 10 mm, 70,000 RPM and 30
mm/min, respectively.

6. Conclusions

This paper gives comprehensive reference about how to
manufacture micro-impeller using micro-milling technology.
There are three important aspects must consider while
manufacturing micro-impeller, which are the design constrain
that related to size and shape of blade, selection of optimum
cutting parameter that enhance the quality of the micro-
impeller, and determination of machining strategy when using
available integrated CAD/CAM system.

The capability of CAD software and working range of
micro-milling machine must consider when designing complex
shapes of micro-impeller. Despite of there are some
constraints in commercially available CAD/CAM system that
related to minimum dimension and the complexity of blade, an
integrated CAD/CAM system was proven to be an adequate
tool to design micro-impeller. Integrated CAD/CAM system is
also satisfactory in planning the machining strategy.

Occasionally, recommendation of cutting parameters




from the tool manufacturer cannot be applied, due to
limitations of the micro-milling machine. Therefore, a
collection of practical cutting parameter to produce micro-
impeller with a particular quality of surface roughness and
minimal burr is needed. The list of practical cutting
parameters is proven to be an effective reference and
guideline in defining cutting parameter and give an
adequate result of the micro-impeller.
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