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Change in Revolution Speeds of Band Saw Wheels
and Power Consumption During Sawing

MURATA Kohji?”, IKAMI Yuji¥ and FUJIWARA Katsutoshi®

Abstract

It is said that the revolution speeds of band saw wheels change during sawing by the load acting on the band saw.
However, there are few quantitative data on such change during sawing. In this study, the revolution speeds of the band
saw wheels were measured precisely with rotary encoders, in order to examine the influence of sawing condition on the
change in revolution speed and the power consumption during sawing. The revolution speeds of band saw wheels
decreased along with the start of sawing, and then it resumed closely to the idling revolution speed level. It increased
immediately after sawing and then it came down to the idling revolution speed level before sawing. The power
consumption increased rapidly simultaneous with the start of sawing and then it decreased gently. After sawing, the
power consumption decreased rapidly and then resumed the level for idling. The differences between the maximum and
minimum revolution speeds of band saw wheels during sawing increased with an increase in feed speed and also with an

increase in depth of workpiece.
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1. Introduction

It is important to grasp the behavior of revolution
speed of band saw wheels and power consumption in
order to clarify the behavior of band saw during sawing.
It is said that the revolution speeds of band saw wheels
change resulted from the load acting on the band saw
during sawing. For example, the revolution speed of
band saw wheel was reported to decrease 5 % during
sawing 19 cm thick Buna (Fagus crenata Blume) lumber
with a table band re-saw (Yamaguchi and Mori, 1957).
However, there are few detailed data on the change in
revolution speed of band saw wheels during sawing.

The power consumption is one of the indexes of
sawing property. It is well known that the power
consumption of the main motor is greater during sawing
than during idling in band sawing (Sugihara, 1954A).
Sugihara reported that the power consumption increased
with an increase in cutting speed (Sugihara, 1954B). It
is reported that the net power consumption increased
linearly with an increase in depth of cut of workpiece in
band sawing (Konishi and Yamaguchi, 1978). Murata,
Fujiwara, and Nishimura reported that the net power
consumption increased with an increase in feed speed
and with a decrease in revolution speed of band saw
wheels (Murata, Fujiwara, and Nishimura, 1993).
However, there is no report that examines the change in
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power consumption of the main motor in band sawing.

The objective of this study is to examine the
influence of some sawing conditions on the change in
revolution speed of band saw wheels and power
consumption during sawing.

2. Experiment

Fig.1 shows the schematic diagram of the
experimental set-up for the measurement of revolution
speeds of band saw wheels. A band mill with a light
auto-feed carriage was used in this study. The diameter
of its band saw wheels was 1100 mm and the rated
power of its main motor with an inverter was 22 kW.
The revolution speeds of upper and lower band saw
wheels were detected with the rotary encoders installed
on their axes. The data of the revolution speeds of band
saw wheels were inputted into a computer in real time
through frequency/rate meters and a data acquisition
card. The power consumption of the main motor for the
band mill was measured with a power meter and its data
was also inputted into the computer in real time. The
sampling interval for the revolution speeds of band saw
wheels and the power consumption was 0.2 sec.

The workpiece was 2 m long green lumber from
Malas (Homalium foetidum Benth). Its average density
was 795kg/m? in oven dry condition. The band saw used
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Fig.1. Schematic diagram of experimental set-up for the measurement of revolution speeds of band saw wheels.

was 126 mm in width, 1.05 mm in thickness, 32 mm in
pitch, 220 in number of teeth, 1.96 mm in kerf width, 25
degrees in rake angle, and 45 degrees in sharpness angle.
The band saw teeth were tipped with stellite. The
experimental condition is summarized in Table 1. In this
paper, the set point of revolution speed of band saw
wheel, namely nominal idling revolution speed of band
saw wheel, is abbreviated to SPRS.

3. Results and Discussion

3.1. Behavior of revolution speed of band saw wheel and

power consumption during sawing

Fig.2 and 3 show the behavior of revolution speeds
of band saw wheels and power consumption at each
SPRS and at each feed speed, respectively. The
revolution speed of the upper band saw wheel was
slightly greater than that of the lower one as shown in
Fig. 2. This was mainly resulted from the difference
between circumferences of the upper and lower band
saw wheels. The net circumferences of the upper and
lower band saw wheels were 3456.5 and 3461.5 mm,
respectively: the ratio of the latter to the former was
1.001. The mean of the ratio of the revolution speed of

Table 1. Experimental condition.

the lower band saw wheel to that of the upper one was
also 1.001 under the all sawing conditions and
corresponded to the ratio of the circumference of the
upper one to that of the lower one.

The revolution speeds of the two wheels were almost
constant during idling. The revolution speeds decreased
along with the start of sawing and then resumed the
idling revolution speed level, namely the set point. After
sawing the revolution speeds increased immediately and
then reached to the idling revolution speed level before
sawing.

The power consumption increased rapidly
simultaneous with the start of the sawing and then
gradually decreased. After sawing, it decreased rapidly
and then resumed the idling power consumption level.
The load acting on the band saw should increase along
with the start of the sawing; consequently, the revolution
speeds of band saw wheels decreased, and the net power
consumption increased. While the revolution speeds
increased to the set point, the power consumption
gradually decreased after reaching the maximum.
Because the load acting on the band saw is removed
simultaneous with the finish of sawing, the revolution

Factors Levels
SPRS (rpm) 550 650 750
Feed speed (m/min) 229 36.2 43.9
Saw strain  (GPa) 76.4 81.3 94.1

SPRS : Set point of revolution speed of band saw wheel
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speeds increased immediately after the finish of sawing.
It is also apparent from Fig.2 and 3 that there was a
time lag between the response of the revolution speeds
of band saw wheels and the power consumption. The
time lag was 0.2 or 0.4 sec under each sawing condition.
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Fig.2. Behavior of revolution speeds of band saw wheels and power consumption at each SPRS.
Saw strain : 81.3GPa, Feed speed : 30.9m/min, Depth of workpiece : 10cm

DFRS : Difference in the maximum and minimum revolution speed of band saw wheel during sawing

DPRS : Depression of the revolution speed of band saw wheel during sawing
NPC : Net power consumption
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This time lag may lead to increase the revolution speeds
after finish of sawing: the load acting on the band saw is
removed immediately after finish of sawing but the
electric current still flows much as sawing level through
main motor for a while, so that the revolution speeds
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Fig.3. Behavior of revolution speeds of band saw wheels and power consumption at each feed speed.
Saw strain : 81.3GPa, SPRS : 650rpm, Depth of workpiece : 10cm
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increase temporarily.

The inverter is installed on the main motor of the
band mill used in order to keep the revolution speed
constant. When the revolution speed of the main motor
decreases, the inverter acts to keep the revolution speed
at the set point, i.e. it flows the electric current more.
This may be a reason that the revolution speeds of band

saw wheels decrease and then resume to the SPRS level
during sawing. After finish of sawing, the revolution
speed of the main motor increases because the electric
current still flows much as sawing level through main
motor for a while, so that the electric current is decreased
by the inverter. The electric current may be decreased to
less than idling level when the revolution speed of the
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main motor reaches at the set point; consequently, the
power consumption is temporarily lower after sawing
than during idling.

3.2. Influence of feed speed

As shown in Fig.2, the difference in the maximum
and minimum revolution speeds of band saw wheel
during sawing is abbreviated to DFRS, the depression of
the revolution speed of band saw wheel during sawing to
DPRS, and the net power consumption during sawing to
NPC, in this paper.

The relationship between feed speed and DFRS at
different saw stains is shown in Fig.4. The DFRS
increased with an increase in feed speed. In general,
sawing force increases with an increase in feed speed,
since feed per tooth, namely cutting stock, increases with
an increase in feed speed. It is thought the greater the
sawing force, the greater the braking effect is. The DFRS
shown in Fig.4 increased with an increase in feed speed
at each saw strain.

Table 2 shows the DPRS rate (ratio of DPRS to
SPRS) at each feed speed. In the case of the sawing 10

20 20
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cm thick lumber of Malas, the DPRS rate ranged from
0.009 to 0.02. These values are smaller than 5% shown
in the former study (Yamaguchi and Mori, 1957).
Although we can not easily compare these results
because the sawing conditions are different, it is thought
that the DPRS rate was smaller in this study since the
main motor of the band mill used had an enough power
to saw 10 cm thick lumber of Malas under this
experimental condition. This table indicates that the
DPRS rate has a tendency of decreasing with an increase
in SPRS. One of the reasons thought is that the feed per
tooth decreases with an increase in SPRS. Another
reason may be because the higher the SPRS, the greater
the revolution energy of band saw is.

Fig.5 shows the relationship between feed speed and
NPC. The NPC increased with an increase in feed
speed. The load acting on the band saw increased with
an increase in feed speed, so that the DFRS and the NPC
increased with an increase in feed speed. The influence
of the saw strain on the DFRS was not evident under the
experimental conditions in this study.

20

Saw strain : Saw strain : Saw strain :
94.1GPa 81.3GPa 76.4GPa
18 r 18 18
16 16 16
el
£ 14t 14 + 14 t
=
o 12 r 12 12
a
10 10 10
8 r 8 8 r
6 1 1 1 1 1 ] 6 1 1 1 1 1 1 6 1 1 1 1 1 ]
15 20 25 30 35 40 45 15 20 25 30 35 40 45 15 20 25 30 35 40 45
Feed speed (m/min) Feed speed (m/min) Feed speed (m/min)

Fig.4. Relationship between feed speed and DFRS of the upper band saw wheel.
SPRS : O 550rpm, m 650rpm, A 750rpm

Table 2. DPRS rate at each feed speed.

SPRS Saw strain of 94.1 GPa Saw strain of 81.3 GPa Saw strain of 76.4 GPa
Feed Speed 550 rpm  650rpm  750rpm 550rpm 650rpm 750rpm 550rpm  650rpm  750rpm
22.9 m/min 0.011 0.009 0.010 0.011 0.009 0.010 0.012 0.010 0.009
36.2 m/min 0.016 0.013 0.011 0.015 0.011 0.011 0.016 0.012 0.012
43.9 m/min 0.020 0.016 0.013 0.018 0.014 0.013 0.020 0.014 0.014

Depth of workpiece : 10cm, DPRS rate = DPRS/SPRS
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3.3. Influence of depth of workpiece

Fig.6 shows the relationship between depth of
workpiece and DFRS. This figure indicates that the
higher the depth of workpiece, the lower the SPRS, and
the faster the feed speed, the greater the DFRS is. The
load acting on the band saw increases with an increase in
depth of workpiece, since the number of teeth in the
workpiece during sawing increases with an increase in
depth of workpiece. During sawing, 1 or 2 teeth were in
the workpiece in the case of depth of workpiece of 5 cm
(50/32=1.5625), 3 or 4 teeth were in the case of 10 cm
(100/32=3.125), and 4 or 5 teeth were in the case of 15
cm (150/32=4.6875). The DFRSs were especially great
at feed speeds of 36.2 and 43.9 m/min and depth of
workpiece of 15 cm, in the case of SPRS of 550 rpm.

MURATAK. et al.

The DFRS was also especially great at feed speed of
43.9 m/min and depth of workpiece of 15 cm, in the case
of SPRS of 650 rpm. The DPRS rate for each depth of
workpiece is shown in Table 3. The DPRS rates were
also especially great under these conditions. It is thought
that the amounts of cutting stock per tooth were too large
to hold the sawdust in the gullets, so that the DFRSs and
DPRS rates were especially great under these conditions.

Since the wood removed per tooth is an important
factor in saw performance, the ratio of wood removed
per tooth to gullet volume is a useful index of operating
conditions and may be called as the Gullet Feed Index
(GFI) (Reineke, 1956). The GFI is calculated by
Equation (1).
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Fig.5. Relationship between feed speed and NPC.
Depth of workpiece : 10cm
SPRS : 0 550rpm, m 650rpm, A 750rpm
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Fig.6. Relationship between depth of workpiece and DFRS of the upper band saw wheel.
Feed speed : 0 22.9m/min, m 36.2m/min, A 43.9m/min

Saw strain : 81.3GPa
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Table 3. DPRS rate at for each depth of workpiece.

147

SPRS Feed speed of 22.9 m/min Feed speed of 36.2 m/min Feed speed of 43.9 m/min
D‘*"‘&Lgrfkpiece 550rpm  650rpm  750rpm  550rpm  650rpm  750rpm  550rpm  650rpm  750rpm
5¢cm 0.005 0.005 0.004 0.008 0.007 0.006 0.010 0.008 0.006
10 cm 0.012 0.009 0.009 0.018 0.012 0.012 0.021 0.015 0.013
15cm 0.016 0.013 0.012 0.066 0.019 0.015 0.125 0.077 0.019
Saw strain : 81.3GPa
Table 4. Calculated gullet feed index (GFI).
DePt\t‘Vg;‘kpi oce SPRS of 550rpm SPRS of 650rpm SPRS of 750rpm
Feed Speed 5cm 10cm 15cm 5cm 10cm 15cm 5cm 10cm 15cm
22.9 m/min 0.11 0.22 0.33 0.09 0.19 0.28 0.08 0.16 0.24
36.2 m/min 0.17 0.35 0.52 0.15 0.29 0.44 0.13 0.25 0.38
43.9 m/min 0.21 0.42 0.63 0.18 0.36 0.53 0.15 0.31 0.46
Saw strain : 81.3GPa
ki multiplying the GFI by the "balking factor” will give the
GFl = ad - a 1) true proportion of maximum capacity used (Reineke,

where, f is the feed per tooth, d is the depth of
workpiece, k is the kerf width, and a is the area of the
gullet. Table 4 shows the calculated GFI. In the case of
depth of workpiece of 15 cm, the GFIs exceeded 0.50 at
feed speeds of 36.2 and 43.9 m/min with SPRS of 550
rpm and at feed speed of 43.9 m/min with SPRS of 650
rpm.

In general, the volume bulks when the solid wood is
converted into the sawdust. The ratio between sawdust
bulk volume and solid wood volume can be denoted as
"bulking factor". For specified sawing conditions,

1957). If multiplying the GFI by the "bulking factor"
exceeds 1, the amount of sawdust exceeds the capacity
of the gullet and the sawdust overflows from the gullet.
Although it is not sure how much is the "bulking factor"
for the sawing in this study, it is assumed that the
amount of sawdust exceeds the capacity of the gullet
because the DFRSs and DPRS rates were especially
great at feed speeds of 36.2 and 43.9 m/min with SPRS
of 550 rpm and at feed speed of 43.9 m/min with SPRS
of 650 rpm.

Fig.7 shows the relationship between depth of
workpiece and NPC. The NPC increased with an
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Fig.7. Relationship between depth of workpiece and NPC.
Feed speed : [0 22.9m/min, m 36.2m/min, A 43.9m/min
Saw strain : 81.3GPa
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increase in depth of workpiece. When the workpiece,
depth of workpiece of 15 cm, was sawn at feed speeds of
36.2 and 43.9 m/min with SPRS of 550 rpm or at feed
speed of 43.9 m/min with SPRS of 650 rpm, the DFRSs
were especially great as mentioned above; on the other
hand, the NPCs were not especially great. This result
may indicate that the overloading on the band saw did
not begin under these conditions although the amount of
sawdust exceeds the capacity of the gullet.

4, Conclusions

The revolution speeds of the band saw wheels were
measured precisely during sawing. The revolution speed
decreased along with the start of sawing and then
resumed the idling revolution speed level. It increased
immediately after sawing, and then it resumed to the
idling revolution speed level before sawing. The power
consumption increased rapidly simultaneous with the
start of the sawing and then it gradually decreased. After
sawing, the power consumption decreased rapidly and
then resumed the idling power consumption level. The
load acting on the band saw increased along with the
start of the sawing; consequently, the revolution speeds
decreased and the net power consumption increased.
The DFRS increased with an increase in feed speed
because the load acting on the band saw increased with
an increase in feed speed. The DPRS rate tended to

decrease with an increase in SPRS. The DFRS increased
with an increase in depth of workpiece and was
especially great under several conditions; where the load
acting on the band saw was thought to increase since the
amount of sawdust exceeds the capacity of the gullet.
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