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1. Introduction
Wood and wood-based materials have numerous applications

due to their low cost, high strength and low energy
consumption. In the production of wooden parts and tools, such
operations as drilling, cutting and engraving are the main parts
of the work, which have been performed manually by skilled
craftsmen since ancient times. Nowadays, computer numerical
control (CNC) process is a dominant operation in the machining
industries. CNC machines are widely employed in different
manufacturing processes such as plastic cutting, steel
machining and wood working industries. Computer numerical
control operation is strictly reined via software program and
needs limited human interaction aside from initial setup and
data feeding. Moreover, CNC machines are employed for exact
speed and positioning control. For this reason, CNC machine is
capable to manufacture complex geometries using various
substances.

In order to enhance the quality of CNC machining, several
criteria such as machining forces, accuracy, and surface
roughness can be introduced. One of the main factors that have
been investigated by many researchers is surface quality of the
product. This criterion is remarkable in finishing processes of
products. For this purpose, this current research examines the
impact of machining parameters (feed speed, rotational speed,
and step over) and tool parameters (diameter, number of cutting
edge, and type of cutting edge) on the surface roughness of
beech wood.

2. Experimental procedures

A 3-axis CNC machine with 6 KW spindle power and spindle
speed of 32,000 rpm is used to investigate the impacts of several
parameters on surface quality of wooden product. Figure 1
shows the wood CNC machine employed in this study.

Figure 1. Numerical control milling machine in the present study

The material used in this research is Beech wood with a
thickness of 18 mm. It should be mentioned that the cut depth
was fixed and considered to be 3 mm. Tideway brand
machining tools with diameters of 3 mm, 4 mm, and 6 mm for
milling operation of wood workpiece were used. To measure
surface roughness of specimen, Time 3110 portable roughness
meter was employed.
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3. Results and discussion

Figure 2 shows changes in surface roughness versus variations
in tool diameter for three different types of tools (single spiral,
double spiral, and straight double). This diagram shows that the
surface roughness value increases with the enhancing of the tool
diameter. This parameter has the maximum value for straight
two-point tools and the minimum value for spiral two-point
tools.
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Figure 2. Surface roughness changes in relation
to different conditions

4. Conclusion

This study deals with the effects of machining and tool
parameters on surface roughness of beech wood. A summary of
the results is as follows:

1. A tool with a double-edged spiral creates a better surface
quality than a single-edged spiral tool and leads to the
improvement of machining conditions;

2. By increasing the feed speed from 20 to 60 (mm/min),
especially in tools with a larger diameter, the machining
conditions tend towards instability and the surface roughness
increases.
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Investigating the Effects of CNC Milling Machine Parameters and Machining Tool Specifications on

Surface Roughness of Wooden Products
Saeed Yaghoubi Farshad Rabiei
Abstract Today, wooden products are widely spread in the industry of furniture, art boards, wooden dishes,
etc. The traditional and manual manufacturing methods of producing these artefacts cannot compete with
mechanized production methods, especially computer numerical control (CNC) machines. Therefore, using
of these devices is always increasing. Nevertheless, one of the parameters that affect the production speed is
the surface roughness, and the workshops have to spend a lot of time on polishing the products. For this
reason, in the present research, the effect of machine parameters (feed speed, rotational speed and
transverse step) and tool characteristics (diameter, number of cutting edge and type of cutting edge) on
surface roughness of beech wood has been investigated. The outcomes demonstrated that cutting tools with
two spiral cutting edges have a more favorable surface roughness than cutting tools with a straight cutting
edge and one spiral cutting edge, and tools with a straight edge are not suitable for beech wood. It was also
observed that by reducing the transverse step from 0.7D to 0.3D, a lower surface roughness is created. By
reducing the tool diameter from 6 to 4 and 3 (mm), reducing the feed speed from 60 to 20 (mm/min) and
increasing the rotational speed from 15000 to 25000 (rpm), the surface roughness of final product was
improved, significantly.

Key Words CNC Milling, Wooden Products, Cutting Edges Number, Step Over, Feed Speed, Rotational Speed.
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