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CUTTING WOOD BY MEANS OF KNIVES

Elimination of saw kerf through the compression slicing process has 

initiated research into the optimization of the compression slicing 

parameters. Five of these parameters have been selected for study 

in the 1979-1980 federal fiscal year, through a contract given to 

Forintek Canada Corp. by Environment Canada. These parameters are 

the following:

a) Find an alternative to tires or pads for lateral pressurization;

b) Study knife profile to reduce checking damage;

c) Study knife tensioning to reduce checking, damage;

d) Study methods of reducing knife friction;

e) Study the distribution of stresses in the knife when tensioning 

and slicing.

Following is a detailed description of the work done during the 

1979-1980 federal fiscal year on each of these compression slicing

parameters.



A. ALTERNATIVE TO TIRES OR PADS FOR 
LATERAL PRESSURIZATION

INTRODUCTION

A lateral pressure of the order of 2/3 to 3/4 of the strength of the 

wood at the proportional limit perpendicular to the grain is needed to 

keep it from splitting ahead of the edge of the slicing knife. Since 

the high pressure aircraft tires used in continuous slicing are said 

to have a bursting pressure of 350 to 400 psi, and that a factor of 

safety of 2 is recommended by the tire manufacturers, this leaves a 

maximum operating pressure of 200 psi for the tires. Use of pressure 

pads would allow higher pressures but energy requirements would double 

at least because of the friction of these pads on the wood.

A simple method would be to replace the pads by rollers of ari optimum 

size relative to any possible damage to the wood surface. These rollers 

could be smooth steel or other moderately flexible material, such as 

hard rubber coated. They could be provided with some sort of adherent 

surface such as serrations or knurls to transmit some or all the cutting 

force to the wood.

DAMAGE CAUSED BY STATIC ROLLERS

Steel cylinders of various diameters were laid flat on white spruce 

(P-ccea.'giauca [Moench] Voss) samples in the green condition. Forces 

were exerted on them at right angles to their axes as shown in Figure 1.



Forces of 393N (225 pounds) and 825N (470 pounds) per centimetre (inch) 

of cylinder length were applied to a .43 mm (1-11/16 inch) diameter roller.

This would provide 1000 KPa (145 psi) and 1850 KPa (268 psi) respectively 

inside the wood some distance from the cylinders. There was no visual 

deterioration observed in the wood. It was only at levels of 1750N (1000 

pounds) per centimetre (inch) of cylinder length that, some damage, in the 

form of splits parallel to the grain a few millimetres below the surface* 

appeared in the wood. This was particularly the case when the cylinder 

was close to the end of the piece: a few centimetres from the end, the 

wood usually split, up to the end a few millimetres under the surface under 

a force of 1750N per centimetre. This force corresponds to almost 4000 KPa 

(570 psi) in the wood. After removal of the load, the wood recovered 

from its deformation (usually less than one millimetre) and there was only 

a light mark left on the wood surface where the cylinder had applied the 

force.

Figure 2 shows results of damage to white spruce samples in the green 

condition as a function of lateral pressure applied for single cylinders 

(or "rollers") of various diameters. The procedure was the same as described 

previously: the cylinders were not "rolled" on the wood, as would be the case

if this method was used to apply the required pressure in wood slicing.

Figure 2 shows that no damage occurs until a "non-rolling" pressure of 

over 8500 KPa (1240 psi) is applied on the wood. Permanent deformation 

remains on the wood only at about 5000 KPa (725 psi), and is slight 

(0.4 mm or less). It reaches about one millimetre at a pressure of 15 KPa 

(2175 psi) approximately.
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Pressures well above those required to slice white spruce in the green 

condition (1250 KPa) can thus be reached by statically compressing the 

wood with "rollers" before damage occurs in the wood. Roller diameters 

ranging from 19 mm to 79 mm were tested. From these tests, it would 

appear that rollers 25 to 50 mm in diameter would be suitable. Rollers 

within this range were chosen for "rolling" wood samples under pressure.

DAMAGE CAUSED BY A "ROLLING" PRESSURE

The pressurizing device shown in Figure 3 was fitted to the short (1 rneter 

stroke) longitudinal compression slicer used previously to slice 10 cm x 10 cm 

(4 x 4's, nominal) with pressure pads. This device can produce sliced 

5 cm x 10 cm (2 x 4's, nominal) by pushing the 10 cm x 10 cm piece through 

a pivoted V-shaped knife by means of a hydraulic cylinder having a 

stroke of about 1 meter (40 inches). Pressure is applied to the wood by 

a pneumatic cylinder and a lever mechanism.

For "rolling" pressure tests, the slicing knife assembly was removed and 

the wood was simply pushed through the pressurizing system. This system 

was composed of 3 to 4 consecutive rollers on each side. Roller diameters 

ranging between 41 and 60 mm, and roller surfaces ranging from smooth 

steel to sharply knurled steel were tested. Also, for higher pressures 

.required on stronger species, such as Western hemlock (TAaga -keteAopkylla 

[Raf.] Sang.) and Dougals-fir CPA2.udotàuga me.nzi2A>li [Mirb.] Franco), 1.09 mm 

(0.043 inch) thick plates were put between the wood and rollers, in 

addition to testing with roller surfaces directly in contact with the 

wood. Spacing between rollers wes 3.175 mm (1/8 inch) .

- 4 -



Tests carried out with four roller diameters (32, 41, 48 and 60 mm) have- 

revealed that no damage occurs below a pressure of 1450 KPa on red pine 

(P-crnr6 AZAinoAd [Ait]) samples. This value is much lower than that for 

"non-rolling" conditions, but is still above the 1380 KPa required to 

slice this wood species. The results, shown on Figure 4, are from 2i 

tests made with 9 cm x 10 cm red pine blocks in the green condition 

measuring 50 cm long. These were pushed through the short longitudinal 

slicer and the central portion of the blocks (about 10 cm in length) 

was evaluated by the dye technique.

More elaborate tests were carried out on white spruce and the results 

are shown in Figure 5. In this case, 3-48 mm diameter rollers of various 

surface finish were used. Evaluations were again done on a cenural 

portion of the specimens to eliminate any effect that the beginning or 

end of rolling, where all rolls do not apply the pressure, could have 

on the wood. The evaluation technique was the dye one or the band sawing 

method, where thin ( 2 mm thick) slices are sawn parallel to the sliced 

surface with a 1 mm kerf small bandsaw. The thin slices are then flexed 

to reveal any damage to the wood.

Results indicate that a pressure of up to 3450 KPa ori white spruce in the 

green condition does not cause damage to the wood. I his data is from 

13 tests, and was obtained with a "dull" knurled surface on the rollers. 

When the roller surface was sharply knurled, 16 tests revealed a minimum
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pressure of 1105 KPa before damage occurred to the wood. Six tests 

with smooth rollers indicated a minimum pressure of 11/0 KPa. The 

required slicing pressure for white spruce is 1250 KPa.

Seven "controls" were tested and all of them revealed damage of the same 

magnitude as that of the rolled samples over the minimum pressure noted 

above. These controls had been planed in the green condition, which is 

an operation somewhat similar, but much less severe, to that of some

types of chipper-canter heads. Chipper-canters would normally be expected 

to flatten out two opposed surfaces, at least, before a cant can be put 

through a slicer.

At this stage, a more elaborate testing program was undertaken. Fifty-four 

white spruce specimens were rolled at various pressures with two pressurizing 

configurations (Four 38 mm rollers and three 49 mm rollers). Fifty eight 

controls.-were also evaluated, and statistical t-test-comparisons made. 

Results, shown in Figure 6, are averages. The statistical evaluations 

indicated that there was no significant difference between the extent of 

damage observed in the controls and any of the rolled samples at up to 

over 1800 KPa. Both the controls and the rolled samples had sawn surfaces
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LOCATION OF DAMAGE

Visual observations made during the evaluation of the damage revealed 

that, both in the rolled specimens and the controls, the damage was located 

around knots and cross grain. Although application of lateral pressure by 

means of rollers does not in itself seern to damage the wood at the pressures 

required for slicing white spruce in the green condition, it was observed 

that any splinter already present in the wood would be pulled up by the 

rollers and would catch between them. Thus would cause severe damage 

to the wood surface. It is possible that an endless belt, wrapped around 

the set of rollers, would prevent this.

TESTS ON OTHER WOOD SPECIES

Slicing tests with rollers and with insertion of a thin (1.09 mm) plate 

between the rollers and the wood were carried out on Western hemlock for 

MacMillan Bloedel Research, in Vancouver, B.C. These revealed that the 

optimum slicing pressure for this species is 1930 KPa (280 psi) but that 

slicing can be done at 1380 KPa (200 psi) with little more damage than 

at the higher pressure. In the case of the higher (1930 KPa) pressure, 

the thin steel plate must be inserted between the rollers and the wood, 

otherwise the rollers damage the hemlock excessively. At 1380 KPa, 

rollers alone and even high pressure tires can apply the pressure.

A complete report on the work done for MacMillan Bloedel Research has 

been prepared.
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CONCLUSIONS

It would appear that rollers would be an inexpensive way of pressurizing 

wood at the levels required for compression slicing white spruce in the 

green condition. However, it appears that damage already present in the 

wood, around knots for example, is, in some cases, severely increased and 

splinters can be caught in the rollers causing unacceptable surface 

defects. Insertion of a semi-flexible belt or segmented plate between 

the rollers and the wood would solve the problem.



B - STUDY KNIFE PROFILE TO REDUCE CHECKING DAMAGE

INTRODUCTION

In compression slicing, application of lateral pressure at levels of the 

order of 2/3 to 3/4 of that of the strength of the wood at the proportional 

limit perpendicular to the grain prevents splitting ahead of the knife 

edge when the knife penetrates it to cut it. However, localized permanent 

deformation occurs along the bevels and sides of the knife, and this 

appears as shallow checks on the sliced surfaces. These checks average 

about 3 mm deep for a 4 or 5 mm thick knife, and are found to increase 

with knife thickness. It is therefore evident that the knife thickness 

should be kept to a minimum, but it is possible that a more suitable profile 

associated with a pressure applicating distribution corresponding to 

this profile, would also be beneficial in reducing checking damage.

PRESSURE APPLICATING MECHANISMS

The pressure applicating mechanism composed of rollers is shown in Figure 3. 

It also incorporates,means of,,narrowing slightly the entrance between the 

rollers compared to their exit. This would create a higher pressure 

at the entrance compared to the exit if the knife is not inserted between 

the rollers. If a knife with varying thickness, as illustrated in 

Figure 7, is inserted, the thicker back of the knife would cause a 

higher pressure at the exit than at the entrance, and the pressurizing 

roller assembly exit could be adjusted to counteract this effect. It is 

therefore possible that the damage to the wood would be that associated 

with the thinnest (beginning) part of the knife, while knife lateral 

stiffness would be related to its average thickness.
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The knife profile shown in Figure 7 was ground on a surface grinder and 

fitted between the pressurizing mechanism. It has a uniform cross section 

(a straight vertical edge), so that the tapering of its sides can be more 

easily matched by the pressurizing mechanism at this stage of the investigation

TESTING OF VARYING THICKNESS KNIFE

The knife shown in Figure 7 was mounted in the slicing pivoted frame of 

the 1 meter longitudinal compression slicer. Its edge (vertical) was located 

longitudinally at mid-distance between the most forward point of contact 

of the wood with the two inclined edges of a 68°-70° V-edged knife and 

the bottom of the V. Since the knife had only a 5 cm length in the cutting 

direction, this means its back was approximately 2.5 mm ahead of the back 

of the "standard" V knives normally used.

A tension of the order of 350N/mm^ (50,000 psi) was applied to the vertical 

edge of the knife by means of the tensioning bolts. Then 45 cm (18 inch) 

long white spruce pieces measuring 9.0 cm square were pushed through.

It was noticed that the first piece did not have a very accurate surface. 

However the sliced surface appeared to be quite good from the checking 

damage point of view. The second piece put through caused the knife edge 

to bend laterally. After the knife was straightened, 6 other pieces 

measuring only 4.3 cm (1- 11/16 inch) in height were put through. In knot 

material, the cut accuracy was poor and the knife bent in one cut in 

the vicinity of a knot.
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RESULTS OF CHECKING DAMAGE

Figure 8 shows the results of the checking damage evaluation made on the 

4.3 cm high, 45 cm long sliced pieces with the variable thickness knife 

shown in Figure 7. With the variable thickness knife, there is more 

checking damage in the form of long checks (full length of 45 cm specimen) 

than with a 4.2 mm even thickness knife (2), but there is less short 

checks (on quarter length of specimen). Also, after 2 mm below the sliced 

surface, total checking is less with the variable thickness knife (average 

of 1.5 checks) than with a 4.2 even thickness knife (average of 3.0 

checks). At 8 mm distance from the sliced surface, there was no checking 

with the variable thickness knife, whereas there was still an average 

of about 0.6 checks of any length with the 4.2 mm even thickness knife.

CONCLUSION

Tests carried out with the variable thickness knife indicate that slightly 

less damage is generated at depths above 2 mm from the s-liced surfaee-«than 

with an even thickness 4.2 mm thick knife. However, knife tensioning is 

needed as the forward edge is thinner than 4.2 mm (it is 1.6 mm). It would 

probably be preferable that a V-shaped edge be used with such a knife 

instead of a straight edge. This would take advantage of the auto 

tensioning" provided by the two oppositely inclined V-edges.
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C - STUDY OF KNIFE TENSIONING TO REDUCE CHECKING DAMAGE 

INTRODUCTION

It is a common practice to stretch a band saw blade to stresses of the order 

of 35N/mm2 (5000 psi) to stiffen the blade and thus make it more accurate 

while sawing. Modern high strain band mills can apply 3 to 4 times this 

value (3). Since there are no bending stresses associated with slicing as 

in band sawing, it is possible to reach much higher tensioning stresses in 

slicing blades. If bending stresses in conventional band saw blades 

constitute 75 to 80 per cent of the total stress on the blade, stresses of 

up to 200N/mm2 (30,000 psi) should be available for tensioning the front 

edge of a slicing knife, and elimination of stresses induced by the rolling 

of the saw blades should allow much higher tension in its edge.

TENSIONING APPARATUS

The testing apparatus shown in Figure 3 has been designed with two 

tensioning bolts in place of the vertical members ir. the forward stiffening 

frame of the knife holder. These bolts are fitted with strain gauges 

to measure the amount of tension being applied to the front, edge of the 

knife after calibration by fitting a knife with a strain gauge bonded 

close to its cutting edge. Putting the two tensioning bolts in compression
o

by means of the two nuts introduced up to 18GN/mm (25,875 psi) near the 

edge of a 3.94 mm thick slicing knife. Putting a thinner knife at the 

same position in the knife holder would require a lesser amount of tensioning 

of the bolts in proportion to the change in thickness. Table 1 shows the
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levels of strain and stress achieved in the center of the slicing knife, 

slightly behind the cutting edge. Figure 9 shows the knife in its holder 

with the two tensioning bolts wired to a strip chart recorder and strain 

indicator for calibration.

Stiffening of the slicing knife by tensioning its edge will allow a more 

accurate cut for a knife of the same thickness, or will allow a reduction 

of thickness of the knife while maintaining the same slicing accuracy.

The second alternative is being explored at this stage, as a reduction in 

knife thickness will mean a reduction in checking damage in the wood.

It has been calculated that a reduction of knife lateral deflection of 

38 percent can be expected if a tensioning stress of 2QQN/mrn (p8,000 psi) 

is applied to a 10 cm (4 inch) high knife. If a reduction in thickness 

with the same accuracy of cut is desired, then this reduction can be 

calculated at 15 per cent since lateral stiffness varies with the cube of 

thickness. This is not very much, but band saw steels have tensile 

strengths that can be over 5 times that of mild steel (240N/mm'). A 

tensioning stress of 800N/mm2 (120,000 psi) would allow a knife thickness 

reduction of 34 per cent, which should reduce checking damage by about 

the same percentage.

TESTING OF TENSIONED V-KNIFE

Calibration of the tensioning device was done, as mentioned, with a 3.94 mm 

thick slicing knife fitted with strain gauges. To test slicing damage with 

a tensioned blade, a 1.9 mm thick V knife of the same configuration as
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the knives used in slicing up to present (68° V angle, 5 cm between bottom 

of V and straight back edge) was mounted in the holders of the tensioning 

device (Figure 10). A stress estimated at 345N/mrn (50s000 psi) was 

applied to the edge of the V knife by the two tensioning bolts. Then 

6 white spruce pieces in the green condition, measuring 43 cm (18 inches) 

long, and only 4.3 cm (1-11/16 inch) high were sliced at the appropriate 

lateral pressure for this species. The height of the pieces was kept 

to this rather low value to ensure the knife did not bend for the first 

trials. Evaluation of the checking damage for these 6 pieces is shown 

in Figure 11. Then 6 other pieces of the same species and length, but 

measuring 9.0 cm (3-1/2 inch) high were sliced. For these 6 pieces, 

an estimated stress of 55QN/mm (80,000 psi) was applied to the V knife 

front edge. Results of the checking damage evaluations are shown in 

Figure 12.

SLICING ACCURACY

Following the tests made on 45 cm long, 9.5 cm high short cants, two of 

the longest pieces that the 1 m longitudinal slicer can handle were sliced. 

These pieces (or cants) were 9.5 cm square and 1.22 m (48 inches) in 

length and of white pine in the green condition. As for previous tests, 

the knife was set about 3 cm from the pressure applicating rollers, thus 

slicing pieces 3 cm (about 1-1/4 inch) and 6 cm (about 2-1/2 inch) thick. 

After slicing these two pieces, they were put together and sliced again 

to make 3 boards approximately 3 cm thick and 9.5 cm wide. These were then
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put through the lumber accuracy gauge (1) and the accuracy of the 6

boards was recorded over 3 profiles; two of these were approximately

1.5 cm from the top and bottom and the third approximately at the center

of the thickness (4.5 cm from the top or bottom of each board). Results 

are shown in Figure 14.

The 45 cm long pieces evaluated for checking damage were also measured

for accuracy by recording the thickest and thinnest parts by means of 
calipers.

DISCUSSION OF RESULTS

The checking damage was evaluated by sawing off thin 2 mm slices parallel 

to the sliced surface with a 1 mm kerf band saw. The 6a4.3 mm high cuts 

were evaluated on both sides of the sliced out. Of the 12 evaluations, 

only one showed cheeking damage beyond the 2 mm thick slice that was 

sawn off. Both sides of these 6 sliced surfaces were in clear wood..

Only one of the 6 pieces had two very small knots (5 mm diameter) in the 

slicing path, and it produced eneof the best cut. Slicing accuracy of tha 

cut (difference between thickest and thinnest part of the piece over its 

entire 45 cm length and 4.3 mm "width") was the best of all (0.5 mm 

[0.020 inch]) and there was only 3 short checks in the first 2 mm sawn 

slice on one side only. In summary, as shown in Figure 11, the cheeking 

damage in white spruce with thicker untensicned knives (usually about

' ”  thi0k COmpared to X-9 ”»  ‘M < *  fur the tensioned knife). It ia 

to be noted, however, that the cuts were made in clear weed.
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The checking damage and slicing accuracy measured in the 9.0 cm high 

cuts 45 cm long are quite different from that measured in the 4.3 cm high 

cuts. First of all, two of the 6 pieces had at 3east one large knot 

( 3 to 4 cm diameter or over). These two cuts showed very poor slicing 

accuracy (6.2 and 6.6 mm [0.244 and 0.260 inch]). The other four- 

pieces showed a poor to acceptable slicing accuracy (2.1 to 4.2 mm 

[0.083 to 0.165]), equivalent sawing accuracies in commercial mills (1) 

being 1.5 mm in the best mill and 5.4 rnm in the worst for an average 

of 100 boards (8 to 16 feet long).

The checking damage on these 9.0 cm high cuts is worse than with an 

untensioned 4.2 mm thick knife (2). It is probable that a 1.9 mm thick 

knife is adequate for slicing 5 cm (2 inch,, nominal) high lumber when 

tensioned to about 345N/mm* (50,000 psi) but that a combination of 

a thicker (about 3 mm) and more highly tensioned knife is required for 

10 cm (4 inch, nominal) high lumber. Also, tensioning distribution is 

probably not ideal with respect to knive V angle, length in cutting 

direction, etc. More research is warranted on this aspect, and it will 

be undertaken in connection with fabrication of a higher capacity 

(8 to 10 inch high) machine.

Slicing accuracy of the 1.22 m (48 inch) boards is shown in Figure 14. 

Checking damage was not measured in these pieces. Again, as with the 

short (45 cm long) 9.0 cm high pieces, the slicing accuracy is poor.

Seven of the 18 profiles taken on the 6 boards gave accuracies (difference
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between maximum and minimum board thicknesses) superior to that of the 

average for the worst sawmill sampled in the survey of Eastern Canadian 

sawmills (1). Only one profile approached that of the average for that 

of the best sawmill (2.0 mm [0.080 inch] for that profile compared to 

1.5 mm [0.059 inch] for the average in the best mill).

CONCLUSION

Tensioning of slicing knives is a good way to reduce checking damage but 

it must relate to knife shape, lor instance the tensioning distribution 

will not be the same for a 5 cm long knife (bottom of V to back edge) 

as for a 7.5 or 2.5 cm long knife, with the same tensioning device.

Also, V angle magnitude will have an effect, and probably other factors 

such as lateral surface shape of the knife, cutting bevel (s), etc.

It would appear that a 3 mm thick blade, suitably tensioned, should be 

able to reduce checking damage by 25 to 30 per cent while maintaining 

an acceptable slicing accuracy in white spruce cuts 10 cm (4 inch) high. 

This estimation will be verified on the higher capacity slicing device 

being designed. Tensioning stresses of the order of 700N/mm2 (100,000 psi) 

in the knife edge will probably be required, but band saw steels should 

be able to take this in addition to the slicing stresses.

- 17 -



D - STUDY OF METHODS OF REDUCING KNIFE FRICTION

INTRODUCTION

A few years ago, T.A. McLauchlan of the Western Forest Products Laboratory 

in Vancouver, suggested that heating the slicing knife would reduce the 

coefficient of friction of the wood on the knife sides. This would cause 

a reduction of slicing force, and consequently a reduction in energy and 

power requirements.

A series of tests were carried out by pushing a flat steel surface against 

white spruce specimens in the green condition at a pressure of 1380 KPa 

(200 psi). Five replicates were made at three steel plate (knife) temperatures 

74°F (22°C), 210°F (100°C), and 400°F (200°C). Average coefficient of friction 

was 0.211 at 22°C, 0.176 at 100°C, and 0.101 at 200°C. It was therefore 

concluded that a slicing force reduction to less than half of the force 

required with a knife at room temperature could be expected when the blade 

is heated at 200°C. This temperature may be self induced by the remaining 

friction on the knife at high slicing speeds (100m/min). Corresponding 

power and energy savings can thus be expected.

SLICING WITH A HEATED KNIFE

The one meter longitudinal compression slicer described previously in 

connection with the roller pressurizing experiments was used to measure 

effect of knife heating on slicing force. A compression load cell was fitted 

to the end of the piston rod of the hydraulic cylinder used to push the wood



through the slicing knife. This load cell was connected to a strip chart 

recorder calibrated for slicing force. A thermocouple was inserted 

in a hole at the back of a 5.5 mm thick knife, in line with the bottom 

of the 68° V at the front edge. The thermocouple wire was run in a groove 

along the back of the knife and bonded with epoxy glue capable of withstanding 

temperatures of up to 600°F (315°C) A digital readout instrument was 

used to monitor knife temperature.

The knife temperature was brought up to about 160°C (315nF) and then 50 cm 

long white spruce cants in the green condition were sliced through the 

pressurizing pad device. Cross section of the cants was 9,5 cm x 9.0 cm. 

During the cut the temperature dropped and after the cut it reached 127 to 

132°C (260-270°F). The average temperature in the cut was approximately 

150°C (300°F). Eight cants were sliced at that temperature and eight 

controls were sliced with the knife at room temperature. The heated knife 

..specimens were end matched with the controls.

RESULTS OF HEATED SLICING KNIFE TESTS

Figure 13 shows the results of the heated slicing knife tests. It can 

be seen that the average cutting force in the clear wood areas is 11.98 KM 

(2693 pounds) when the knife is at room temperature whereas it is 10.68 KN 

(2400 pounds) when it is heated at about 150°C (300°F). The relationship 

in knot areas is about the same: 16.37 KN (3680 pounds) with the knife

at room temperature and 14.74 KN (3310 pounds) with the knife at 150°C (300°F).
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This difference is not very large, but since the pressure pads were not

heated in both cases, their contribution to total force through friction

should be substracted. This would be the case if low friction devices

such as high pressure tires or caterpillar tracks had been used to apply

the lateral pressure to the wood during slicing. The lateral pressure

pad area was: 19.7 cm (length) x 9.5 cm (height of wood being sliced) x 2 (pads,

one on each side) = 374 cm2. The lateral area of the kni\ e was: 7.^ cm

(average length) x 9.5 cm (height of the wood being sliced) x 2 (knife

surfaces) = 142cm • When the reduction of force observed in clear wood

(10.8 per cent) and iri knotty areas (9.9 per cent) are adjusted by

substracting the constant friction force in both heated and room temperature

tests, the percentages become 39.4 for clear wood areas and 36.2 for knotty

areas. This constant friction force is calculated from the two areas

(pressure pads and knife sides) calculated above. F'ad friction provides

374 cm2 of friction at 1250 KPa lateral pressure. Slicing knife side

friction provides 142 cm2 of friction at the estimated same lateral pressure,

for a total of 516 cm2 of friction area. In clear wood areas this total
2

friction is reduced by 10.8 per cent, or an equivalent of ^6 cm of fricoion 

area. This reduction originates only from the knife, because only it is 

heated. The reduction in slicing force only (neglecting pad friction) is 

thus 56 cm2 + 142 cm2 x 100 = 39.4 per cent. Similarly, in knotty areas, 

expected slicing force reduction can be calculated to be 36.2 per cent.
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CONCLUSION

Because the slicing knives are expected to heat up in the compression 

slicing machines, slicing force and energy requirements will be lessened 

as the temperature of the knife rises- Since knife temperature should 

rise with slicing speed, energy savings should be more important at 

higher slicing speeds. Slicing energy requirements which are already 

no greater, and probably less than an equivalent sawing operation, will 

be reduced by knife heating, and the importance of the reduction will 

probably depend on the maximum temperature the slicing knife material 

can tolerate. At 200°C (400°F) a 50 per cent reduction can be expected.



E - STUDY OF THE DISTRIBUTION OF STRESSES IN THE 
KNIFE WHEN TENSIONING AND SLICING

INTRODUCTION

The tensioning of a band saw blade by stretching it between the top 

and bottom wheels is a common practice. Its application to a compression 

slicing knife is therefore indicated, but the profile of the slicing 

knife, and the forces imposed on it, are quite different from those of 

a band saw blade.

The purpose of this investigation was to determine the stress distribution 

in a "standard" V-shaped slicing knife while tension was applied to it 

and, hopefully, when slicing was being carried out.

METHODS

A "standard" 10 cm high slicing knife (measuring 5 cm long from the 

bottom of the 70° V~angle to the back edge-) was fitted with epoxy backed 

strain gauges. Two gauges were bonded with epoxy resin, one on each side 

of the blade, in a vertical direction with their (1/4 inch) grid center,

1.2 cm behind the rounded (5 mm diameter) bottom of the V. This means 

the center of the 6.35 mm (1/4 inch) long grid was about 5 rnm behind the 

back of the 45° bevel end. Two other identical gauges were bonded vertically 

with their grid located 6 mm ahead of the square back. Longitudinal 

distance between the gauges was 2.9 cm. Each pair of gauges was suitably 

wired with a similar pair of dummy gauges to complete a Wheatstone bridge to 

record tension (and compression) on a light beam galvonometer strip

chart recorder.
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The blade was then mounted in the testing apparatus shown in Figure 3 

provided with tensioning bolts and described previously (page 12).

The tensioning bolts had previously been calibrated on a universal testing 

machine. Tensioning stresses were then induced in the slicing knife 

by inducing a compression in the tensioning bolts. The signal 

from both tensioning bolts and both knife strain gauge bridges were all 

simultaneously recorded on the light beam recorder. In addition, a 

strain indicator was wired into the two knife strain gauge bridges and 

strain levels were noted. These levels were then converted to stresses. 

Results are shown in Table 2.

In order to record the stresses imparted to the gauged slicing knife, 

white spruce samples were bored longitudinally with a 23 mm diameter 

hole in the center so that the wood would not tear off the gauges from 

the knife surface. This means that only 75 per cent approximately of 

the 9 x 9 cm (3-1/2 x 3-1/2 inch) sample was sliced and that the exact 

stress distribution may be somewhat disturbed. However, we feel this 

gives a good idea of the stress distribution in the slicing knife.

STRESS DISTRIBUTIONS IN KNIFE

The behaviour of the strains in the knife as recorded by the strain gauges 

is shown in Table 2. It can be observed that, as the tensioning bolts 

are compressed by turning the nuts against the knife holder frame, the 

front part of the knife is put under tension and the back is put under 

compression. These stress increases are more or less proportional to

- 23 -
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number of turns made on the nuts of the tensioning bolts. By turning 

the nuts 5 turns on each tensioning bolt, it was possible to put a stress 

of the order of 350N/mm^ (50,000 psi) in tension and 430N/mn/ (63,000 psi) 

in compression on the front and back of the knife, respectively.

In the slicing of wood with the specially bored wood samples, it quickly 

became evident that some protection had to be given to the gauges because 

of wood splinters possibly damaging them. Accordingly, a brass cone was 

fitted over the central portion of the knife where they are located.

When the top and bottom of the forward edge of the wood sample reaches the 

corresponding part of the V knife edges, the strain gauges bonded just behind 

the bottom of the V on the knife start recording tension. -There is also 

a tension recorded on the tensioning bolts. This, however, does not last 

long, because as soon as the wood is fully engaged into the knife, the 

stresses reverse. It seems that the friction force provided by the knife 

•sides cancel and-then become much more important than the vertical components 

of the forces caused by the inclined edge and 45° bevel of the V knife.

This cancellation seems to occur about at the point where the wood passes 

by the bottom of the V of the knife. The knife seems to act as a beam 

under a more or less uniformly distributed load.

CONCLUSION

The bending of the knife as a beam implies that bending it the opposite 

direction during slicing would theoretically give it twice the load 

carrying capacity. For the same load carrying capacity, it can be made
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thinner provided the cutting load bending is counteracted by an applied 

bending load, or tension, at the proper position ahead of its edge. 

Stress distribution in the knife appears to be, as expected, that of a 

beam subjected to a somewhat uniformly distributed load.



GENERAL CONCLUSIONS

Applying lateral pressure by means of' a series of rollers instead of 

p ds (high friction) or tires (limited magnitude of pressure) does not 

damage white spruce in the green condition more than other machining 

operations, such as planing, does. However, wood with damage already 

present, particularly in cross grain around knots, is peeled up by the 

rollers and catch in them. A belt or thin plate could solve this

problem, particularly with higher pressures required by stronger 

wood species.

Less checking damage is generated by a variable profile knife, but it must 

be associated with knife tensioning to maintain accuracy and prevent it from 

bending. Optimum knife tensioning is expected to allow a knife thickness 

reduction of 25 to 30 per cent with the same slicing accuracy, provided 

high strength steels such as band saw steels are used and tensioned 

to high levels ( of the order of 700N/mm2 [100,000 psi]).

Heating of the knife to 150°C (300 °F) reduces the slicing force (and 

energy) by the order of 35 per cent. This heating can probably occur 

naturally from the friction generated on the knife sides during slicing.

Still more important energy savings can be contemplated at higher knife 

temperatures, the limit probably being the knife material characteristics.
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Stress distributions in a "standard" V shaped slicing knife have been 

found to even out after the wood has entered the knife and passed the bottom 

of the V. Before the bottom of the V, the entering wood causes "auto- 

tensioning" of the blade edges, which probably remains during the entire 

cut and lessens the importance of other undesirable stresses.



Figure 1. Apparatus used to exert forces on steel cylinders laid 
flat on white spruce specimens in the green condition 
to simulate non-rolling lateral pressurization in 
compression slicing of wood.



Figure 2. Depth of damage on wood as a function of lateral pressure applied 
on white spruce samples in green condition for single rollers 
of various diameters —  non-rolling condition.



Figure 3 Lateral pressurization by means of steel rollers 
(1 metre) longitudinal compression slicer.
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pressure applied on red pine in green condition rolled by 
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Figure 5. Depth of damage on wood as a function of lateral pressure 
applied on white spruce samples in green condition rolled 
by a group of 4-38 mm diameter rollers with various 
finishes.
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Figure 6. Depth of damage on wood as a function of lateral pressure 
applied on white spruce samples in green condition rolled 
by a group of 4-38 mm or 3-48 mm diameter rollers.
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Figure 7. Cant being sliced by varying thickness knife with conforming 
beveled roller pressure applicating devices —  all dimensions 
exaggerated.



Figure 8. Average checking damage in 4.3 cm high, 45 cm long V'/hite spruce 
samples ( 6 replications x 2 slides) sliced with variable 
thickness knife compared to that of 4.2 mm thick knife (from 
Forintek Report 504E).



Figure 9. Calibration of tensioning bolts as a function of stresses
induced in a v-knife fitted with strain gauges —  strip chart 
recorder used to record loads and relate to stresses in the 
knife during slicing from previously monitored strain 
indicator readings.



Figure 10. Thin (1.9 mm thick) slicing knife fitted in tensioning 
frame of short (1 metre) longitudinal compression slicer.
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Figure 11. Average checking damage in 4.3 cm High, 45 cm long white 
spruce samples (6 replications x 2 sides) sliced with _ 
thin (1.9 mm thick) V-knife tensioned to about 345N/mni 
(50,000 psi).
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Figure 12. Average checking damage in 9.0 cm high, 45 cm long white
spruce samples (6 replications x 2 sides) sliced with thin 
(1.9 mm thick) V-knife tensioned to about 550N/mm (80,000 psi).
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Figure 13. Average slicing forces in clear wood areas of white spruce
in the green condition when knife is heated to 130°C compared 
to when it is at room temperature (35°C) —  lateral
pressure applied with pads.
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Figure 14. Slicing accuracy of 6 - 1.22 m long 9.5 x 3.0 cm boards sliced 
from two 9.5 x 9.5 cm white pine cants in the green condition - 
from lumber accuracy gauge measurements (difference between 
minimum and maximum board thickness).



TABLE 1

STRAIN INDICATOR READINGS MONITORED ON STRAIN GAUGES BONDED 
BEHIND EDGE AND AHEAD OF BACK OF V-KNIFE USED IN TENSIONING 

AND STRESS DISTRIBUTION INVESTIGATIONS

i S&CTiOïO A-A
j b e z z E z b -t 4| X
/III (NJ

i.^K C epr vlh'ckI  Kxrreo)

NUMBER OF-TURNS" * FRONT STRAIN BACK STRAIN
ON NUTS OF in p strain in y strain
TENSIONING BOLTS strain strain

0 30 345 29 508
1/2 30 442 29 350
1 30 535 29 197

1-1/2 30 641 29 038
2 30 748 * 28 892 ■

2-1/2 30 865 28 730
‘5 30 982 28 594

3-1/2 31 192 28 440
4 31 430 28 290

4-1/2 31 724 28 133
5 32 070 27 928



TABLE 2

LIGNT-BEAM RECORDER AND STRAIN INDICATOR READINGS OF 
TENSIONING BOLTS AND STRAIN GAUGE BRIDGES BONDED TO 

SLICING V-KNIFE DURING TENSIONING OPERATIONS

NUMBER OF BURNS LIGHT-BEAM RECORDER CHANNEL NUMBER
ON NUTS OF
TENSIONING 3 4 FRONT EDGE OF BACK OF
BOLTS SOUTH NORTH KNIFE (V BOTTOM) BLADE

BOLT BOLT
5 STRAIN 6 STRAIN

INDICATOR INDICATOR
mm mm mm Strain 5t:cess mm Strain Stress
spot spot spot pStr * N spot yStr. N.

str. mm^ str. rurr/

0 0 0 0 0 0 0 0 0

1 2.8* 2.7* 6.5* 555** 115** 13.0* 428** 89**

2 4.5 7.8 16.0 797 165 29.1 850 176

3 6.5 13.5 38.0 1079 223 41.5 1276 264

4 8.5 16.7 41.5 1410 291 41.0 1735 359*

5 10.0 20.5 49.0 1765 365 41.5 2100 434

* Light-beam recorder values are at attenuator 21 and with A 1000 
galvanometers (S.E. Labs)

** Strain and stress values have been divided by 2 to account for the 
two active arms in each of the two Wheatstone briges.
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