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A study on the characteristics of intelligent sawing system for band
saw
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Abstract To help solve the problems of how to set the optimal sawing force and the optimal controller
parameters for different sawing conditions, a mathematical model of a proposed sawing system was
established according to the principle of sawing force control. The conventional PID control method was
then used for further research of the closed-loop control of the sawing force. Finally, through simulation
and experimental research, the influence rule of the controller parameters and sawing load on the
control performance and the relationships between the sawing width and controller parameters
(proportion coefficient) and the sawing force setting value were obtained, from which a system scheme
for intelligent sawing control of a band sawing machine was proposed. The research shows that the
sawing efficiency of the intelligent sawing system was 18.1 (48%) higher than that of the original sawing
system when sawing a grooved section sawing material, which verifies the good control effect of the

proposed scheme.
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(where, P is the main motor power, W; v, is the
sawing speed, m/min; F is the sawing force, V;
F, is the feed

is the feed speed, mm/min; F,
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(where, A is the sawing area, cm? h is the

sawing height, mm.)
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Fig. 1. Schematic diagram of band saw blade
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is the total number of teeth involved
in sawing, n, = — W is the sawing width, mm;

p is the equivalent pitch, mm;: b is the tooth

thickness, mm; f, is the wire sawing force of a

single equivalent tooth , V.)
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Fig. 2. Schematic diagram of 3/4 variable tooth band
saw blade
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(where, P= . W, P, is the rated power

of the main motor, W £, is the main motor loss

power, W, that is, the power consumed by the
motor at no load; r is defined as the sawing
characteristic parameter, that is, the sawing force
fluctuation curve under the rated working state
The ratio of the maximum value to the mean
value.)
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Fig. 3. Control principle of cutting force of band sawing machine

(where, L, is the center distance of the main and

driven wheel, mm; R is the radius of the main

f

and driven wheel, mm; f = P f is the static

friction coefficient of the band saw blade and

the main and driven wheels; n, is the tension

margin factor.)

n, = e T ®
v/ n?, + ni
(where, n; (=1) is the fatigue safety factor,

taken  as

B 0.230, )
" 127, 10257,

they are

B 0.280,
7 120,+030,, °

usually np=11;

n oy, is

the tensile strength of the band saw blade, MPa;
0,, is the average normal stress of the dangerous
point in the working cycle of the band saw blade,
MPa; o, is the normal stress of the dangerous
point in the working cycle of the band saw blade
Amplitude, MPa; 7, is the average shear stress
of the dangerous point in the working cycle of
the band saw blade, MPua ; 7, is the shear stress

amplitude of the dangerous point in the working
cycle of the band saw blade, AMPa;)
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(where, K is the feed force and sawing force

ratio coefficient associated with sawing materials.)
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Fig. 4. Sawing force response curve under different

controller parameters

Table 1. Influence of proportional coefficient on
control performance

Seale factor K Integral time Overshoot Adjust time
cale 1actor &b onstantTi N) (s)

0.4 40 110 50

0.6 40 206 80
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Table 2. Influence of integral time
control performance

constant on

Scale factor K Integral time Overshoot Adjust time
ale 1 P constantTi N) (s)
0.2 20 73 16
0.2 40 6 17
0.2 80 61 16
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Fig. 5. Band sawing machine intelligent sawing system structure
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Fig. 6. Band sawing machine sawing system simulation model
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Table 3. Comparison of sawing efficiency of different sawing systems

Sawing method of Band Sawing speed Initial feeding speed Sawing area Cut off time Sawing efficiency
sawing machine (m/min) (mm/min) (cm2) (s) (cm2/min)

Original sawing system 70 22 264 420 37.7

ConventiE-)na.l closed loop 70 2 264 322 492
sawing system

Intelligent sawing system 70 22 264 284 55.8
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