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Computerized numerically controlled (CNC) routers have been used under hard processing conditions
with the aim of raising productivity. Therefore, tool wear progresses rapidly, and burr formation occurs on
the surface of wood and wood-based materials frequently. Because this burr formation greatly influences
product quality and productivity, the development of a system that can monitor it automatically is needed.

In this study, to monitor the burr formed because of tool wear, a charge—coupled device (CCD) vision
sensor with high reliability in monitoring was installed in a CNC router, and a system for monitoring the
burr formation in side milling and for removing it automatically was developed. In addition, verification
experiments of this system were carried out. The main results obtained are as follow:

The side milling system for monitoring burr formation was composed of a CCD vision sensor, a personal
computer (PC) for CNC router control, and a monitoring PC to control other devices and collect sampling
data for the burr formation. From the result of our verification experiment, it was found that this system

could measure the area of the burr formed in side milling and remove it automatically.

INTRODUCTION

Recently, CNC routers have become especially pop-
ular in furniture manufacturing, and have been used for
the grooving, side milling, and patterning of furniture
materials. In these manufacturing processes, a CNC
router has been used under hard processing conditions
with the aim of raising productivity. Thus, tool wear
progresses rapidly, and burr formation on the surface of
wood and wood-based materials, as well as chipping of
the bit, occur frequently, greatly influencing productivity
and product quality. Therefore, the development of a
system that can monitor both tool wear and burr forma-
tion automatically is needed.

In order to monitor the cutting edge profile of the
router bit easily and automatically under processing, the
authors installed a laser measuring instrument in a CNC
router, and constructed a cutting edge profile measuring
system (Ohuchi and Murase 2002b, 2005). The system
was composed of a laser measuring instrument, a per-
sonal computer (PC) for CNC router control, and a mon-
itoring PC for the control of other devices and the col-
lection of sampling data.

In addition, an adaptive control processing system
not only to improve the machining accuracy, which dete-
riorates with increasing tool wear, but also to control the
burr formation that occurs in grooving was constructed
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(Ohuchi and Murase 2006). That is, the design was
based on experimental data on both the machining accu-
racy for grooving and side-milling of grooves and the
effect of tool wear on burr formation obtained in previ-
ous studies (Ohuchi and Murase 2001a, 2001b, 2002a).
Thus, a system that automatically optimizes the process-
ing condition for grooving corresponding to the expected
progression of tool wear was developed.

However, for the monitoring method of the
above-mentioned studies, it was necessary to experi-
ment on various materials to optimize the processing
condition. Moreover, its reliability in monitoring burr
formation was not sufficient because this method does
not perform direct monitoring. Therefore, it was neces-
sary to devise a new sensor that could directly monitor
the burr formation.

In this study, to directly monitor burrs formed
because of tool wear, a charge—coupled device (CCD)
vision sensor with high reliability in monitoring was
installed in a CNC router, and a system for monitoring
the burr formation in side milling and removing it auto-
matically was developed. Verification experiments of
this system were then carried out.

SIDE MILLING SYSTEM

Outline of system

Figure 1 shows a schematic diagram of the system
for automatically measuring burr formation. This system
was composed of a picture processing device, a PC for
the CNC router control, and a monitoring PC which con-
trols other devices and collects sampling data. The
image—processing device was composed of a CCD vision
sensor and controller, and the CCD vision sensor was set
at the spindle flame of a CNC router as shown in Fig. 1.

A flow—chart of the measurement process in this
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Fig. 1. Schematic diagram of the system for automatically mea-
suring burr formation.
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Fig. 2. A flow—chart of the measurement process.

system is shown in Figure 2. As the first step of meas-
urement procedure, the monitoring PC transmits the NC
data for side milling to the control PC, and side milling is
performed. As a means to monitor automatically wheth-
er a burr has been formed or not, a method to check for
burr formation when the process reached the number of
parts or the processing time established beforehand was
devised. That is, the monitoring PC transmits the NC
data for the movement of the CCD vision sensor to the
control PC when the process reaches the number of
parts or processing time experimentally determined to
make burrs more likely. Then, the CCD vision sensor
that is set at the spindle frame moves to the measure-
ment position at a distance of 240 mm from the side sur-
face of material. Here, the CCD vision sensor measures
the burr area, and the controller outputs this obtained
value to the monitoring PC. The monitor PC recognizes

the burr formation when the burr area exceeds the
threshold, and the NC data that adds the process of
removing burr is restructured. The monitor PC trans-
mits this new NC data to the control PC, and the system
returns to the process of side milling.

Measurement method of burr area

After side milling has been performed for a long
time, tool wear progresses and burrs are formed on the
surface of the material. The CCD vision sensor moves to
the measurement position when the process of side mill-
ing reaches the pre—established number of parts or
processing time, and the burr formed on the surface of
material enters into the measurement area of the con-
troller. The image of the material with burr formation is
input to the controller and the color information in the
part with the burr is analyzed as shown in Fig. 3. When
the burr in this area is recognized as the color of a burr
as analyzed beforehand, the burr area is measured. In
addition, the measurement area is set on the surface of
material (4 mm in height, 106 mm in width).

Setting of measurement area

106mm

Measurement
of burr area

Fig. 3. Measurement method of burr area by using picture—pro-
cessing device.

Method of removing burr

To remove burrs formed on the processing surface
of the material after side milling, a re—milling process for
the material surface was devised. That is, the center of
the bit is located on the edge of processing surface, the
bit point is set on the surface of the material, and the
re—milling is performed as shown in Fig. 4.

In this system, there are two methods for removing
the burr formed by the direction of up-milling. One
method sets the feed direction of the bit in the same
direction as the original side milling (type 1). The other
method sets it in the opposite direction (type2). There
are also two methods for removing the burr formed by
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Fig. 4. Method of removing burr (typel-4).

down-milling. One sets the feed direction of the bit in
the same direction as the original side milling (type3).
The other sets it in the opposite direction (type4).
Thus, the system adopts four methods for removing
burrs. The d symbol in Fig. 4 shows the distance from
the surface of the material to the bit point.

VERIFICATION EXPERIMENT

Cutting tool and work material

A throw—away type straight bit with a single—edged
blade having a cutting diameter of 10 mm was used (F'ig.
5 (A)). The shape of the tip is shown in Fig. 5 (B). The
tip materials were KO5-grade cemented carbide and the
edge angle was 55 degrees. The rake and clearance
angles in the setting were 22 and 13 degrees, respective-
ly. A router bit in which the tool wear (edge recession)
reached 40 microns by continuous cutting of particle-
board was prepared. For our experiment, this worn bit
was used.

Work materials used in this experiment were a medi-
um-density fiberboard (moisture content: 8.5%, specific
gravity: 0.62) and air—dried spruce (moisture content:
12.6%, specific gravity: 0.36). All pieces were 90mm
long, 90 mm wide, and 12 mm thick.

55°

i
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Fig. 5. Drawings router bit (A) and cemented carbide tip (B).
unit (mm).

(A) (B)

Method of verification experiment

The spindle speed was set at 250 7ps, knife per revo-
lution at 0.067 mm, depth—of—cut at 2 mm, and depth at
4 mm, respectively. After side milling was conducted in
the above-mentioned condition, the burr area was meas-
ured. The burr area was re-measured after the removal

of burr had been conducted in the conditions shown in
Table 1. The difference between the measurement val-
ues was calculated, and divided by the value of the burr
area. The calculated value was evaluated as a ratio of
removal. Side milling and burr removal were repeated
three times per experimental condition, and the average
value was taken. The inclination angle of the grain on
side milling for spruce was set at 90 degrees.

Table 1.  Milling conditions in this study

Spindle speed  Knife per revolution d Method of
(rps) (mm) (mm) removing

0.033 0 typel

0.067 0.1 type2

250
0.100 0.2 type3
0.133 type4

RESULTS AND DISCUSSION

Fig. 6 shows the relationships between the ratio of
removal and feed per knife in MDF. From this figure,
the ratio of removal was almost unaffected by feed per
knife regardless of removal type (1-4), and it increased
as the value of d decreased. From this result, highly
accurate burr removal can be conducted by decreasing
the value of d when MDF is processed in this system.
Moreover, adopting type2 and 4, keeping the tool path
from the side milling to the burr short and increasing the
amount of feed per knife, improves the efficiency of this
system.

Fig. 7 shows the relationships between the ratio of
removal and feed per knife in spruce. From this figure,
the ratio of removal was almost unaffected by feed per
knife regardless of removal types. On the other hand,
when the value of d is between 0 and 0.1 mm, the ratio
of removal in typel and 2, which remove the burr after
up-milling, showed higher values than that in type3 and
4, which remove the burr after down-milling.

Figure 8 shows photos of burr formed when side
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Fig. 6. Relationships between the ratio of removal and feed per

knife in MDF.
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Fig. 7. Relationships between the ratio of removal and feed per
knife in spruce.

milling is processed by up— and down-milling, respec-
tively. In up-milling, the burr is formed in the vertical
direction of the surface of the work material, while the
curly burr is confirmed in down-milling. The decrease
of the ratio of removal in type3 and 4 is probably due to
this curly burr.

Fig. 9 shows photos of burrs removed in type2 and 4
milling. From this figure, it is confirmed that the burr
falls right in type2, and falls left in type4. This is proba-
bly because the bit is put down on the burr that has not
yet been removed when it passes for burr removal. In
the image—processing device in which the image of the
burr is input from one direction, there were differences
in the ratio of removal in the four types at 0.2 mm of d
because the burr which was put down as above-men-
tioned could not be measured accurately. Therefore,
highly accurate removal during spruce processing can be
conducted by decreasing the value of d and adopting
typel and 2 so that the burr is removed after side milling

Down-milling

Up-milling

Fig. 8. Photos of burr formed after side milling (Spruce).

type 2 type 4
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Fig. 9. Photos of burr after removing (Spruce).

by up—milling. Moreover, this system can be made more
efficient by increasing the amount of feed per knife.

CONCLUSIONS

In this study, to monitor burrs formed because of
tool wear, a CCD vision sensor with high reliability in
monitoring was installed in a CNC router, and a system
for monitoring burr formation in side milling and for
removing burrs automatically was developed. In addi-
tion, verification experiments of this system were car-
ried out.

The side milling system for monitoring burr forma-
tion was composed of an image—processing device, a
control PC for the CNC router, and a monitoring PC to
control some devices and collect sampling data for burr
formation. From the result of the verification experi-
ment, it was found that this system could measure the
area of burrs formed in side milling and remove them
automatically.

In addition, considering the ratios of removal, the
recommended method of removing burrs in MDF with
this system is to adopt type2 and 4 such that the tool
path is short, while that recommended for spruce is to
adopt typel and 2 such that the burr removal is con-
ducted after side milling by up-milling. Highly accurate
burr removal can be conducted by decreasing the dis-
tance from the bit point to the surface of the work mate-
rial, and the system’s efficiency can be improved by
increasing the amount of feed per knife.
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