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ABSTRACT 

This paper presents the results of an analytical and experimental investigation into the effect of bandsaw 
roll-tensioning on blade stiffness and cutting accuracy. The results show that rolling in the centre 60% 
of the sawblade will increase blade stiffness while rolling outside this region will decrease it. The 
optimum rolling location was shown to be the blade centre-line. A modified roll-tensioning procedure 
coupled with an increase in bandmill strain was shown to increase blade stiffness and improve cutting 
accuracy over conventionally tensioned blades. This was accomplished without increasing sawblade 
stress levels. Benefits of the revised procedure are an estimated increase in lumber recovery of 0.5% 
coupled with reductions in sawblade maintenance requirements. Mill trials are in progress to determine 
the long term behaviour of saws with die modified tensioning. 
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1.0 INTRODUCTION 

The process of tensioning bandsaw blades involves the cold rolling of the blade in the longitudinal 
direction between two narrow rollers (Figure 1). The pressure between the rollers causes plastic 
deformation of the blade material resulting in permanent residual stresses in the blade (Anderson, 1975; 
Aoyama, 1971; Bajkowski, 1967; and Schajer 1981). The art of roll-tensioning involves the introduction 
of these stresses in a manner that increases the lateral stiffness of the blade and improves the cutting 
accuracy of the bandsaw. 

The tensioning process used in die preparation of bandsaws has been in existence for about 100 years. 
The process is still very much an art, with the skills being handed on by experienced filers to 
apprentices working in the sawmill filing room. The sawfiler does not consider the tensioning process 
in terms of induced stresses. Instead, the degree of tensioning is assessed by measuring the 
deformations of the blade when the blade is bent into a curve. Specifically, the curvature of the blade 
across its width is measured by shining a light through the gap between the blade and a template with 
a specified radius (Figure 2). The sawfiler thus assesses the amount of tensioning (cold rolling) required 
by ensuring that some specified radius or "light gap" is obtained. 

During tensioning, the blade is rolled symmetrically with respect to its centre-line with the rolling 
proceeding from the centre-line outwards. Additionally, a curvature in the plane of the blade is 
introduced into single cut blades (blades with teeth on only one edge) by rolling near to the back edge. 
This in-plane curvature is called "backcrown" and its effect is to elongate the back of the blade more 
than the front. This results in a higher stress and increased stiffiiess in the region of the teeth when the 
blade is strained by the bandmill and helps compensate for any in-plane curvature produced by a 
temperature gradient across the blade. Backcrown is normally measured by determining the 'height' of 
the curvature in the centre of a given chord length along the back edge of the blade. The industry 
standard is one sixty-fourth of an inch in five feet, equivalent to a radius of 2400 feet. 

Although the importance of bandmill strain and roll-tensioning are generally recognised, there is little 
consensus on what the optimum distribution of stress should be. The choice of bandmill strain can vary 
by a factor of two from one mill to another. Additionally, it has been shown (Foschi, 1975; Lister and 
Schajer, 1993) that specific transverse curvatures can be obtained with different distributions of stress. 
Thus the stresses in the sawblade can vary significantly from mill to mill. In general, increasing either 
the bandmill strain or the amount of roll-tensioning will improve sawblade stiffness and cutting 
accuracy, however, fatigue life considerations, such as gullet cracking, will set an upper limit to the 
magnitude of these stresses. 

The lateral static edge stiffness of the sawblade is considered to be one of the most important factors 
associated with cutting accuracy (Taylor, 1993; Lehmann and Hutton, 1993). In addition, the process 
of tensioning is generally considered to be of utmost importance to the satisfactory operation of the 
bandsaw. Therefore, the effect of roll-tensioning on the lateral stiffness is of prime importance if the 
relationship between roll-tensioning and cutting accuracy is to be understood. 
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Figure 1: Details of the Roll-Tensioning Process 

Figure 2: Measuring Roll-Tensioning in a Band 



This paper investigates the effect of roll-tensioning on the lateral edge stiffness of bandsaws. A 
tensioning procedure is proposed that optimizes the sawblade stiffness with respect to roll-tensioning and 
bandmill strain. The procedure is shown to improve blade stiffness and cutting accuracy, and reduce 
sawblade maintenance time, when compared to conventionally tensioned blades. 

2.0 EXPERIMENTAL EQUIPMENT 

2.1 Laboratory Bandmill 

The bandmill used in this study was a double column, 5 foot re-saw. The welded steel wheels were 5 
feet in diameter by 8 inches wide with a crown of approximately 0.004 inches. The distance between 
the wheel centres was 108 inches. Tension was applied to the band via a hydraulic straining system that 
could provide up to 30,000 lb. of force (or "strain"). The bottom wheel of the bandmill was driven, 
via a frequency inverter, by a 100 horsepower electric motor. This enabled the blade speed to be varied 
from zero to 13,000 fjpm. The blade was guided in the cutting region by a pair of pressure guides set 
0.25 inches to 0.375 inches out from the wheel tangent points. The span between the guides was set 
at 20 inches. 

The wood to be fed into the bandsaw was mounted on a rigidly constructed carriage running on 
precision aligned rails. The carriage was driven by a separate hydraulic system via a cable and drum. 
The carriage feed speed could be varied from zero to 600 fpm. 

2.2 Roll-Tensioning Machine 

A standard roll-tensioning machine, with the load being applied to the rollers via a lever and screw 
mechanism, was used for the experiments. The rollers were 4.0 inches in diameter by 0.5 inches thick 
with a 10 inch radius crown. The magnitude of the load was determined from bonded resistance strain 
gauges, located at a stress concentration point on the support frame, and a calibrated Wheatstone Bridge 
circuit. The stresses in the blade were also measured with strain gauges attached to both sides of plate. 

2.3 Data Acquisition 

Non-contacting displacement probes were used to monitor blade displacement. A loadcell and digital 
display were used to monitor bandmill strain, and tachometers were used to monitor the blade speed 
and carriage speed. The signals were collected with a PC controlled data acquisition system. This 
system monitored the blade deviation just above the lumber surface and the mean and standard deviation 
of the blade motion were calculated and recorded for each cut. The sawblade deviation was used to 
determine cutting accuracy as it is directly proportional to the sawn surface. In addition, a large number 
of samples can be collected automatically for each cut giving precise results. 



Using the information provided by the data acquisition system, the cutting accuracy of the sawblade was 
determined from the mean of the variances plus the variance of the means: 

X = 
N N 

Where: j = 1,2,3...N 
N = number of cuts. 
Xj = mean of blade displacement for cut 'j'. 
Vj = variance of blade displacement for cut 'j'. 
X = the average of the means 
V„ = the variance of the means 
y = the mean of the variances 
a = the total standard deviation of the sawblade for the set of cuts 

The above equations for the statistical behaviour of the sawblade are similar to those used for quality 
control in the sawmill where: 

yi^l is proportional to the between board deviation 
^ is proportional to the within board deviation 
a is proportional to the total board deviation 

3.0 THE RELATIONSHff BETWEEN LATERAL EDGE STIFFNESS 
AND CUTTING ACCURACY 

One of the most important factors determining the cutting accuracy of a bandsaw blade is the lateral 
stiffness of the cutting edge of the blade. The stiffness of the cutting edge can apply to either the tooth 
tip stiffness or the gullet line stiffness and is determined from the measured lateral displacement of the 
tooth tip (or gullet line) when subjected to a known force. Both roll-tensioning and bandmill strain have 
a significant effect on this edge stiffness. 

The relationship between cutting accuracy and gullet line stiffriess is demonstrated from the results of 
a series of cutting tests using two different blades, one with and one without tension, at three different 
strain levels. Thus the edge stiffness was varied using both roll-tensioning and bandmill strain. The saws 
used for these cutting tests were 9.6 inches gullet to back by 0.058 inches thick. The sawtooth pitch 
was 1.75 inches with a gullet depth of 0.69 inches and a kerf width of 0.128 inches. The cutting span 
length was 30 inches. The three bandmill strains were 16,000 lb., 22,000 lb. and 29,000 lb. The cants 
were built up from three 4-inch thick Douglas fir cants to give a 12 inch depth of cut. The feed speed 
was 200 fpm and the blade speed was 9425 fpm. Nine cuts were made by each blade at each strain 
level giving a total of 54 cuts. 



The results of the cutting tests are shown in Figure 3. Each data point was obtained from the measured 
deflection of the blade averaged over the 9 cuts (die mean deflection plus the standard deviation of the 
blade motion during the cut) and the corresponding lateral gullet line stiffness of the blade. For one of 
the sawblades the mean deflection was quite large and was direcUy affected by the stiffness of the 
sawblade. Because of this, the mean deflection plus the deviation of the blade was considered a better 
representation of cutting accuracy than the total deviation described in Section 2.3. This is comparable 
to adding the amount the boards are over or under target size to the within board deviation as a measure 
of cutting accuracy i.e. the smaller the sum of the two measurements are, the better the cutting 
accuracy. It is apparent from the results that a strong relationship exists between lateral edge stiffiiess, 
blade deviation, and hence, cutting accuracy. 

4.0 THE EFFECT OF ROLI^TENSIONING ON LATERAL EDGE STIFFNESS 

Having demonstrated that there is a strong relationship between the lateral edge stiffness of the sawblade 
and cutting accuracy, the effect of roll-tensioning on blade stiffness becomes an important consideration. 
In this section, the effect of rolling position on the lateral edge stiffness of the sawblade is analyzed 
using a finite element model. The torsional frequencies of the sawblade are also presented because they 
are related to blade stiffness, are easy to measure and give insight into the effect of roll-tensioning. 
Thus the relationship between rolling position and the edge stiffness and fiindamental torsional frequency 
of the blade are determined for a range of rolling positions. 

Details of the finite element model used to conduct the analysis can be found in Taylor (1993). The 
analysis determined the effect of one pair of rolls, symmetrically located with respect to the blade 
centre-line (Figure 4), on the torsional frequency and lateral edge stiffness of the sawblade. The tensile 
stress in the unrolled region was given a value of 1580 psi, which is comparable to the stress introduced 
by a rolling load of 3900 lb. (Taylor, 1993). Although the distribution of compressive stress in die 
rolled region is unknown, it can be shown to have a negligible effect on the results of the analysis, 
therefore, the compressive stresses are assumed to be uniform across the widdi of the roller path. This 
assumption, coupled with equilibrium considerations, gives a compressive stress of 30,000 psi in the 
roller patii. The analysis was repeated for a range of rolling positions and die results are shown in 
Figure 5. The horizontal axis represents the distance (d) of the rolls from the blade centre-line. The 
vertical axis is the change in torsional frequency (squared) and lateral edge stiffness for a single pair 
of rolls. 

For the investigated case of symmetric tensioning stresses, the results show a reasonable correlation 
between the square of the fundamental torsional frequency and the lateral edge stiffness (Figure 5). It 
is apparent that the effect of rolling decreases as the rolling position moves away from the blade centre
line. Rolling on die blade centre-line is optimal for increasing blade stiffness while rolling in the centre 
60% of the blade will increase the edge stiffness and rolling outside this central region will reduce the 
edge stiffness. As shown in Figure 3 the cutting accuracy is strongly related to the lateral edge stiffness, 
therefore, it would be expected that rolling outside the centre 60% of the blade will reduce the cutting 
accuracy. It is common practice in the industry to roll to within one inch of the edge of the blade, 
consequenUy, it would appear that cutting accuracy may be improved by restricting the rolling to the 
centre 60% of the sawblade. For example, if the stiffness of two sawblades were to be compared, the 
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first conventionally tensioned to within an inch of the edges of the blade, the second with identical 
rolling patterns to the first in the centre 60% of the sawblade, and no roll tensioning outside this region, 
the second blade will be stiffer than the first while having a lower value of tensile stress in the edge 
of the saw. In addition, the magnitude of tensile stress induced by rolling will also be lower. This is 
because the stresses induced by rolling (Figure 4) increase with increasing number of rolls and the 
second example has fewer rolls than the first. 

For those blades that are not rolled symmetrically, the relationship between the torsional frequency and 
the edge stiffness is more complex. For example, assume a single roll has been placed on the sawblade 
and the blade is strained on the bandmill. If the roll is located on the centre-line of the blade the 
frequency and both edge stiffnesses will increase by some value. If the location of the roll is moved 
away from the centre-line the change in frequency, and the change in stiffness of the edge nearest the 
roll, will decrease in a similar manner to that shown by Figure 5. The change in stiffness of the edge 
furthest from the rolling line will be only marginally affected. 

It is apparent that the effect of roll-tensioning on lateral edge stiffness is a balance between the positive 
effects of the increase in tensile stress in the blade and the negative effects of the compressive stresses 
in the rolled regior.s. Thus, keeping the rolled regions away from the cutting edge of the bandsaw is 
the most effective tensioning approach. Taking this a step farther why not remove the roll tensioning 
lines altogether and use the bandmill strain to introduce the tensile stress in the blade? In general, 
increasing the bandmill strain is a more efficient method of increasing blade stiffriess than roll-tensioning 
because the negative effects of the compressive rolling lines are removed and only the positive tensile 
stresses are introduced. Thus the question is raised as to why blades are roll-tensioned at all? Two 
important factors to consider are blade stability and blade position. For the current design of bandmills 
used in the sawmill industry, roll-tensioning has been shown to significanUy improve blade stability and 
allow for precise positioning of the sawblade on the wheels. A stable blade is desirable in a high 
production bandmill, allowing good feed rates with minimal blade movement. Precise positioning of the 
blade is desirable because significant amounts of overhang have been shown to reduce the stiffness of 
the cutting edge of the blade (Taylor, 1993). In contrast, too little overhang runs the risk of the blade 
moving back on the wheel and damaging the guides. 

5.0 ANALYSIS OF REVISED TENSIONING PROCEDURES 

It has been demonstrated that the lateral edge stiffness of the blade plays an important part in 
minimising sawblade deviations. Additionally, analytical investigations have shown that rolling in the 
centre 60% of the sawblade will increase the edge stiffness while rolling outside this region will 
decrease the edge stiffness. To fiirther investigate this behaviour a revised blade tensioning procedure, 
designed to increase the lateral edge stiffness of the saw witiiout increasing tensile stress levels, was 
analyzed. The analysis was based on the finite element method and is described in Taylor (1993). 

The principal sfresses in the cutting region of a conventionally tensioned saw are those due to roll-
tensioning and bandmill strain. These are shown, idealized, in Figure 6a, with some typical stress 
levels. To determine the increase in stiffness that can be achieved by revising the traditional rolling 
patterns, the effect of restricting the rolling to the centre 20% of the blade and increasing the bandmill 



strain, such that the stress in the edges of the saw are unchanged (Figure 6b), is investigated. The 
centre 20% was selected because rolling in this region would provide some transverse curvature across 
the blade for stability while keeping the roll-tensioning close to the blade centre-line where it is most 
effective for increasing blade stiffness. 

The stresses due to rolling in the centre 20% of the sawblade (Figure 6b) were estimated firom the 
stresses shown for a conventionally rolled blade (Figure 6a). Reducing the width of the rolled region 
from 75% of the blade width (Figure 6a) to 20% of the blade width (Figure 6b) reduces the width of 
the rolled region by 73%. Assuming the compressive stresses have the same magnitude in both rolled 
regions, reducing the width of the rolled region will reduce the magnitude of tensile stress in direct 
proportion. Therefore, the tensile stresses are also reduced by 73% to 2270 psi (Figure 6b). This is 
some 6230 psi lower than the tensioning stresses shown in Figure 6a. Increasing the bandmill strain 
to compensate for this difference in stress, until the gullet stress matches that of the conventionally 
tensioned example, results in the revised stress distribution shown in Figure 6b. The torsional 
frequencies and gullet line stifftiesses for the two stress profiles were determined analytically using finite 
element methods. The narrow centre tensioning, coupled with the higher bandmill strain, provides a 
12% increase in torsional frequency and a 16% increase in gullet stiffness over the idealized 
conventional tensioning, even though the combined tensile stress at the edge of the blade is equivalent 
in both cases. 

6.0 LABORATORY CUTTING EXPERIMENTS 

In the previous section, analysis of a revised tensioning procedure was shown to increase the lateral 
stifftiess of the sawblade by 16% over that for conventionally tensioned blades. To determine if the 
predicted increases in stiffness for the modified roll-tensioning profile occurred in practice, and could 
be shown to improve cutting accuracy, four new sawblades were prepared and cutting tests conducted. 

The four saws used for the cutting tests were 8.34 inches gullet to back by 0.057 inches thick. The 
sawtooth pitch was 1.75 inches with a gullet depth of 0.66 inches and a kerf width of 0.125 inches. The 
cutting span length was 20 inches. Amabilis-fir cants 10 inches by 10 inches by 8 feet long were used 
for the cutting tests. The feed speed was 244 fpm and the blade speed was 9425 fpm, this provided a 
gullet feed index of 0.7. Ten cants were used for the cutting tests and each saw cut each cant twice, 
giving 20 cuts per saw. 

The method used compared the cutting accuracy of two conventionally tensioned saws with that of two 
saws tensioned in the centre 1.625 inches only. The tooth stiffness and blade stresses were monitored 
throughout the experiment. The base bandmill strain for the conventionally tensioned saws was 12000 
lb. When using the centre tensioned saws this strain was adjusted such that the gullet stress was the 
same as the conventionally tensioned saws. Only new, untensioned, sawblades should be used for center 
tensioning. This is because the magnitude and distribution of stresses in a previously tensioned blade 
are unknown and may have a detrimental effect on blade stiffness and fatigue life. 

The four saws were prepared in a similar manner, levelled, swaged, side-ground and sharpened, but 
without tension or backcrown. The saws were checked and found to have virtually identical dimensions. 



Table 1 Sawblade Lateral Stifftiesses Beft)re Tensioning. 

Blade Tooth Gullet Centre Back 
(lb/in.) (lb/in.) (lb/in.) (lb/in.) 

RT-1 146 262 678 279 
RT-2 147 260 667 271 
RT-3 146 266 670 268 

1 RT-4 147 269 678 274 

transverse curvatures and backcrown profiles. Each saw was then run on the bandmill at a strain of 
12,000 lb. and positioned such that the gullet overhung the wheel by 0.25 inches. The bandmill was 
then stopped and the tooth and blade stifftiesses measured (Table 1). At this stage it was apparent that 
all saws exhibited very similar stifftiess characteristics. 

An important consideration when analyzing or testing the effect of the two different types of roll-
tensioning was to ensure that the final gullet stresses were the same in all saws. This would ensure no 
stifftiess advantage was gained by overstressing any of the blades. Maintaining similar fatigue lives for 
both types of tensioning and reducing the likelihood of fatigue cracks. For the blades used in the cutting 
tests it was necessary to keep track of the stress induced by the two types of roll-tensioning and the 
bandmill strain. To do this each blade was instrumented with strain gauges as shown in Figure 7a and 
the change in stress in the blade at each stage was then recorded. 

The two conventionally prepared blades were tensioned to a level where the transverse curvature (Figure 
2) fitted a 45 foot circle gauge. The two centre tensioned blades were prepared by rolling in a narrow 
centre region (1.625 inches) as shown in Figure 7b. The first roll was placed on the blade centre-line. 
Pairs of rolls were then placed synunetrically about the centre-line roll, moving further from the center-
line each time. The final pair of rolls were at a reduced rolling load to "soften" the transition from the 
rolled region to the unrolled region. The primary reason for rolling the centre tensioned blades was to 
give sufficient transverse curvature such that the blade was stable on the bandmill wheels. The light gap 
(Figure 2) was monitored after each roll using a straight edge across the width of the saw. The 
maximum displacement in the centre of the sawblade due to the transverse curvature was 0.020 to 0.025 
inches. This was considered more than adequate to keep the blade stable on the wheels. Care was taken 
to keep the backcrown the same for all the saws. The end result was a backcrown radius of 
approximately 6750 feet for all four blades. The larger the radius the smaller the amount of backcrown, 
therefore, these blades can be considered to have minimal levels of backcrown when compared to the 
industry standard radius of 2400 feet. 

The changes in edge stress due to roll-tensioning were determined from strain gauges attached to the 
edges of each blade prior to the tensioning procedure (Figure 7a). The stresses determined from these 
gauges are shown in Table 2. The difference in stress from the front edge to the back edge was most 
likely due to the initial in-plane curvature of the blades. The largest difference was seen in blade RT-1 
which had a slightly hollow back prior to tensioning. The amount of stress in the gullet area induced 
by the conventional roll-tensioning is in the order of 7000 psi and that for the centre tensioning around 
2000 psi. 
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Table 2 Increase in Edge Stress due to Roll-Tensioning. 

Blade Tension 
Gullet 

Stress (psi) 
Back Edge 
Stress (psi) 

RT-1 Standard 6675 8865 
RT-2 Standard 7590 7770 
RT-3 Centre 2115 2745 
RT-4 Centre 1665 2025 

Table 3 Bandmill Strains to give Equal Gullet Stresses. 

Blade 
Gullet Stress (psi) Bandmill 

Strain 
(lb) 

Blade 

Bandmill Strain 
Roll 

Tensioning 
Total 

Bandmill 
Strain 

(lb) 

RT-1 11865 6675 18540 12000 
RT-2 10950 7590 18540 11074 
RT-3 16425 2115 18540 16612 
RT-4 16875 1665 18540 17067 

Table 4 Sawblade Lateral Stiffnesses After Tensioning. 

Blade Tooth Gullet Centre Back 
(lb/in.) (lb/in.) (lb/in.) (lb/in.) 

RT-1 164 304 611 324 
RT-2 163 293 591 310 
RT-3 170 326 746 339 
RT-4 175 340 779 360 



To maintain similar fatigue lives for both types of blade, and to ensure no stiffness advantage was 
gained by over-stressing any of the blades, the bandmill strains were calculated such that the gullet 
stresses were equal in all four blades. The average stress induced in the gullet region of the sawblades, 
for a bandmill strain of 12,000 lb, was determined from the strain gauges attached to each blade. The 
result was 11,865 psi. The roll-tensioning stress for blade RT-1 was added to this value to give the total 
stress in the gullet region of this saw (18,540 psi). Using blade RT-1 as a baseline, the bandmill strains 
were then adjusted, based on the difference in roll-tensioning stress in each blade, to give equal gullet 
stresses in the blades. The results are shown in Table 3. 

The measured tooth and blade stiffnesses for each blade at these strains are shown in Table 4. The 
average increase in stiffness from the conventionally tensioned blades (RT-1 and RT-2) to the centre 
tensioned blades (RT-3 and RT-4) was 6% for die toodi stiffness and 12% for die gullet stiffness. 

Laboratory cutting tests were conducted to determine if the increase in lateral tooth stiffiiess led to an 
increase in cutting accuracy. From the information in Table 3, a bandmill strain of 12,0(X) lb. was used 
for the conventionally tensioned saws and 17,000 lb. for the centre tensioned saws. The cutting test used 
10 cants and each saw cut each cant twice (20 cuts per saw) for a total of 80 cuts, giving 40 cuts for 
each type of tensioning. The results of the cutting tests are shown in Figure 8. Averaging the results, 
the centre tensioned saws provided a reduction in sawblade deviation of 0.008 inches when compared 
to the conventionally tensioned saws. 

These results were considered to be very encouraging, however, it was noted that one of the 
conventionally tensioned blades and one of the centre tensioned blades had very similar cutting 
accuracies, therefore, any conclusions on die improvement in cutting accuracy due to the centre 
tensioned procedure would be based on the other two saws. To determine if the results were repeatable, 
and also to determine if the results were sensitive to changes in bandmill strain, the cutting tests were 
repeated at strains of 17,000 lb and 22,000 lb. Except for the fact that a different set of cants was used, 
the cutting tests were the same as the first set. The results of the second set of cutting tests are shown 
in Figure 9. The difference in cutting accuracy between the two types of sawblade is quite distinct. 
Averaging the results the centre tensioned saws provided a reduction in sawblade deviation of 0.010 
inches confirming the results of the first set of tests. 

The value of an 0.008 inch reduction in lumber deviation was assessed as follows. The lumber industry 
usually limits the amount of undersized lumber to 5%. A 0.008 inch reduction in the standard deviation 
of the lumber would enable a 0.013 inch reduction in the lumber target size without exceeding the 5% 
undersize limit. This reduction in target size would result in a considerable increase in lumber recovery 
for most mills. For example, calculations made using a sawmill simulation model (Lewis and Hallock, 
1974) indicate that, for a sawmill cutting logs 5 inches to 20 inches in diameter, recovery would 
increase by about 0.5%. 

Somewhat surprisingly, the cutting accuracy of the saws did not change very much for the second set 
of cutting tests at the increased strain levels. All other factors being equal, an increase in bandmill strain 
of 50(X) lb should have provided improved cutting accuracies for all sawblades. It is possible that the 
lumber samples used for die two test differed appreciably. Additionally, the sawblades were not 
sharpened between tests or checked for level and tension. This might have caused their performance to 
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have deteriorated for the second set of tests. It is important to note that the cutting tests were planned 
to determine the difference in cutting accuracy between the centre tensioned and conventionally 
tensioned saws for a given set of conditions. To this end both sets of cutting tests have demonstrated 
that the centre tensioned saws provide some reduction in sawblade deviation and we are confident of 
the results. The second set of cutting tests were planned and conducted after the first set and 
comparisons between the two are not necessarily justified. 

7.0 MILL TRIALS 

The objective of the mill trials was to compare the performance of the centre tensioned blades with that 
of conventionally tensioned blades under mill conditions. The trials examined blade stability, 
maintenance requirements and cutting accuracy. 

A 6 foot shifting line bar re-saw was used for the mill trials. The bandmill had a double column and 
a combined air and mechanical straining mechanism. The sawblades were 11 inches wide by 0.072 
inches thick (15 ga.) with a 2 inch tooth pitch. The blade speed was 10,130 fpm and the manually 
controlled feed speed could be varied from zero to 370 fpm. The depth of cut varied from 4 inches to 
14 inches. Two centre tensioned sawblades, identified as C51 and C52, were used for the tests and their 
performance compared to that for the conventionally tensioned blades used at the mill. The same 
backcrown curvature was used for both types of blade. 

One of the first steps was to determine the magnitude of bandmill strain for the centre tensioned blades. 
The bandmill strain must be selected such that the combined magnitude of axial stress in the gullet 
region, from roll-tensioning and bandmill strain, is similar to that for the conventionally tensioned 
blades. This required that the stresses due to conventional roll tensioning be determined. In the 
laboratory tests, the stresses introduced into the bandsaw by roll-tensioning and bandmill strain were 
measured using electrical resistance strain gauges. For the mill trials this approach was impractical and 
a relatively fast method of estimating the stresses in the conventionally tensioned blades was required. 
This was accomplished using a computer program developed by Lister and Schajer (1993). For a given 
roll-tensioning stress profile the program enabled the transverse shape of the blade to be calculated and 
displayed. Assuming a sequence of rolling lines progressing outward from the sawblade centre-line, a 
trial and error method was used to fit the transverse curvature of the model to that used by the sawmill 
for their conventionally tensioned blades. From this analysis it was possible to determine a minimum 
level of tensile stress in the gullet region of the blade. The magnitude of stress due to the centre 
tensioning was determined from empirical relationships developed by Taylor (1993) and corroborated 
with the above program. The results of this analysis estimated the difference in stress in the two types 
of blade to be 8,000 psi. This corresponds to a possible increase in bandmill strain of 11,000 lb. for 
the cenfre tensioned blades. 

The relative performances of the two types of saw were determined by running the cenfre tensioned 
saws and the conventionally tensioned saws for half a shift each (3.5 or 4 hrs.). The stability, cutting 
accuracy and maintenance procedures were then compared. Data were collected for a total of twelve 
shifts. 



The stability of each sawblade was determined from its ability to maintain its initial position on the 
wheel over the operating period and any forward or backward motion during the cutting process. The 
centre tensioned saws were more sensitive to the tilt angle of the wheel than the conventionally 
tensioned blades and it was necessary to adjust the wheel tilt once or twice during the first few hours 
of operation. After the first shift the blades bedded in and there was little difference in the stability 
characteristics of the sawblades due to the centre tensioning procedure. With respect to the movement 
of the blades on the wheels while cutting, there was no noticeable difference between the two types of 
blades. 

To determine the maintenance requirements of the two centre tensioned saws (C51 and C52) they were 
checked after each four hour operating period. After sharpening, the level, tension and backcrown of 
the saws were checked and recorded. The tension was checked by placing a straight edge across the 
width of the saw and measuring the maximum displacement of the centre of the saw due to the centre 
tensioning, i.e. the amount the saw dropped away from the straight edge. The straight edge incorporated 
a dial gauge for this purpose. The maximum displacement was 0.010 to 0.015 inches for saw C51 and 
0.015 to 0.020 inches for saw C52. The maintenance of die centre tensioned saws after each operating 
period consisted of a minimal amount of levelling, mostly around the weld area as the blade bedded in, 
and the repair of one gullet crack. As only one crack occurred during die trials this was considered an 
isolated incident rather than due to excessive stress in the gullet region. The tensioning and backcrown 
required no adjustment over the course of the mill trials. This was estimated to save 15 minutes per saw 
in saw maintenance time over conventionally tensioned saws or 30 minutes per shift for the single 
bandmill used for the mill trials. 

One concern widi die centre tensioned saws is how well they can be maintained in the long term 
without rolling in the front portion of die saw where roll-tensioning reduces the stiffriess of the front 
edge. For example, if the back of the saw was too long (excessive backcrown) normal practice would 
be to lengthen the front edge by rolling in this area, this should be avoided with the centre tensioned 
saws. If possible, the long back should be reduced by using a heat line near the back edge, this would 
avoid having to roll in the front region. Until these saws have been used for an extensive period of 
time, the problems that are likely to occur and methods of overcoming them have yet to be established. 

The cutting accuracy of each type of blade was determined from the displacements of the blade during 
the cutting process. The location of the displacement probe used to measure the blade displacements is 
shown in Figure 10. A PC based data acquisition system monitored the blade displacement and 
calculated the mean and standard deviation of the sawblade for each of the several hundred cuts that 
occurred over the 3.5 or 4 hour operating period. This information was used to compare the 
performance of the blades. 

Because of the varying number of cuts that occurred during each test period, and the very large number 
of cuts for which sawblade displacement was recorded, analysis of variance (ANOVA) methods were 
used to determine the difference between die two types of tensioning. The analysis was based on the 
mean and standard deviation of the sawblade for each cut. A summary of the statistical results are 
presented in Table 5. The first column identifies whether the blade used was standard (STD) or centre 
tensioned (C51 or C52). The second column defines the variable, eidier the mean, X, or the standard 
deviation, Y, of the sawblade. The third column is the number of samples (cuts) for which a mean or 



Figure 10: Details of Blade and Displacement 
probe in the Cutting Region 



Table 5 Summary Statistics for Cutting Tests. 

1 Saw Var. n min 
(in.) 

5th 
%tile 

mean 
(95% CI) 

95th 
%tile 

max 
(in.) 

STD X 5993 -0.047 -0.008 -0.0028 
(±0.0001) 

0.002 0.066 1 

C51 X 8529 -0.061 -0.008 -0.0021 
(±0.0001) 

0.002 0.268 

C52 X 5809 -0.031 -0.007 -0.0024 
(±0.0001) 

0.002 0.032 

STD Y 5993 0 0.002 0.0052 
(±0.0001) 

0.010 0.194 

C51 Y 8529 0 0.001 0.0041 
(±0.0001) 

0.009 0.273 

C52 Y 5809 0 0.001 0.0041 
(±0.0001) 

0.008 0.109 

standard deviation was obtained. The fourth and eightii columns define the range of the measurements. 
The fifth and seventh colunms are the 5th and 95th percentiles of the data collected, i.e. 90% of the 
data falls between these two values. The sixth column is the average value of the mean or standard 
deviation with the 95% confidence interval. Because of the large sample sizes (n) obtained, the statistical 
accuracy of the result is within +/- 0.0001 inches, with 95% confidence. This level of confidence 
shows that, with respect to the means, X, all blades are significantly different (though only by a small 
amount), while for the standard deviation, Y, the centre tensioned blades C51 and C52 are significantly 
different to the conventionally prepared blades but there is no difference between C51 and C52. 

From the point of view of cutting accuracy the difference in performance due to the modified tensioning 
was quite small. However, the small improvement of the centre tensioned saws over the conventional 
saws was statistically significant. 



8.0 CONCLUSIONS 

1. The cutting accuracy of bandsaws is strongly related to the lateral edge stiffness of the 
sawblade. 

2. The edge stiffiiess of a tensioned blade depends upon the location of the rolling lines. The closer 
to the blade centre-line the rolling occurs the more effective the increase in stiffness. To ensure 
the increase in stress due to roll tensioning is accompanied by an increase in stiffness, rolling 
should be confined to the centre 60% of the sawblade. 

3. For the case when the roll-tensioning stresses are symmetric with respect to the sawblade centre
line the torsional frequency is a good indicator of sawblade stiffiiess. 

4. Confining the roll-tensioning to die centre 20% of the sawblade, coupled with an increase in 
bandmill strain, improves blade stiffness and cutting accuracy without increasing the gullet 
stress. 

5. Confining the roll-tensioning to the centre 20% of the sawblade makes the blades more sensitive 
to changes in wheel tilt. However, the mill trials demonstrated that there is little difference in 
the stability of these 'centre tensioned' blades when compared to the conventionally tensioned 
blades. 

6. Only new, previously untensioned blades should be used for the centre tensioning procedure. 

7. Maintenance of the centre tensioned blades was also tested under mill conditions and showed 
that only a minimal amount of work is required to maintain the blades. The tensioning and 
backcrown did not change significandy during the test period. 

8. Centre tensioned blades cut more accurately dian conventionally prepared blades, though for the 
mill trials only a small improvement in accuracy was noted. 

With respect to the performance of the centre tensioned saws, the important point to remember is that 
this is a radically different method of tensioning. The initial laboratory and mill tests have demonstrated 
the feasibility of the process and have provided some very promising results. What are needed now are 
long term test results to determine die practicality of centre tensioning on a larger scale. Questions that 
need to be addressed are: can a centre tensioned saw be returned to normal performance after it has 
been severely damaged? How will performance be affected as the front edge of the saw is ground 
down? Will the tensioning process have to be modified over the life of the saw? With these questions 
in mind, tests are currendy being conducted in a second sawmill where the centre tensioned saws are 
being used continuously on a twin band machine centre. The practical implications of using the centre 
tensioned saws will be reported when the tests are completed. 
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