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SUMMARY

At the request of the Southeastern Forest Experiment Station, the Forest Products
Laboratory undertook a study of the factors involved in sawing lumber with a "sparse-
toothed" saw. This saw has been recently developed in the southern pine region for
producing coarse sawdust chips suitable for pulping. Phase I of this study consisted of
exploratory tests of three inserted-tooth saws, 48 inches in diameter, one of which had
12 teeth, one 18, and one 36. Phase LI of the study consisted of specific controlled
performance tests of the 1 .2- and 36-tooth saws and an economic evaluation of their
products.

The findings of Phase I were too limited to warrant specific conclusions. It was, how-
ever, apparent that there is no appreciable difference in saw performance between the
12- and the 36-tooth saw when operated at speeds under 600 revolutions per minute and
taking the same bite. Sawing thickness variation was greater than acceptable at bites
greater than 1/4 inch and depths of cut of 7 inches or more, and at bites greater than
5/16 inch saw performance was poor. At the 1/4-inch bite necessary to produce 1/4-
inch chips, said to be the smallest acceptable to the pulp and paper industry, from 5/32
to 8/32 inch of added thickness was required to surface lumber acceptable at grade of
No. 2 Common and higher as compared with 4/32 inch normal in the industry for sur-
facing. The greater thickness of the 18-tooth saw would require a tooth 3/8 inch wide
to provide adequate side clearance for satisfactory saw performance. This saw was
dropped from Phase II of the study.

Work done in Phase II indicated that a bite of 1/4 inch can be maintained in southern
pine logs without serious saw operational problems, but at a bite of 1/3 inch a sizeable
percentage of logs cannot be safely sawed. The 12-tooth saw was slightly more accurate
than the 36-tooth at feeds of 1/4 inch or less. Maximum thickness variation of lumber
cut at the 1/4-inch bite was approximately double and at 1/3-inch bite four to five
times as great as the variation at a 1/8-inch bite. The measured thickness of boards
increased with the feed rate, or bite, and resulted in progressively less kerf and more
shavings volume.

'Maintained at Madison, Wis. , in cooperation with the University of Wisconsin.
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Thickness allowance for surfacing both sides of a piece increased with increased bite
and ranged from 6/64 inch at 1/8-inch bite to obtain 75 percent compliance to grading
rules and a 75-percent skipfree surface, to 36/64 inch for 100 percent compliance and
100 percent skipfree surface at 1/3-inch bite. Bottom edge tearout also increased
similarly with feed rate.

Economic evaluation indicated that, under , the price structure existing when the study
was made, improved sawing accuracy promises greater gross product value than the
production of kerf chips.

PREFACE

The use of saw kerf chips for pulp is a development that could be beneficial to the wood
industries in three ways: By providing an additional source of revenue to the sawmill,
increasing the supply of raw material available to the pulp mill, and decreasing the
waste that attends all conversion of logs into lumber or other sawed products.

The sawmilling practices in the southern pine region are such that sawdust particles
suitable for pulping can usually be produced without altering the amount of lumber that
can be produced from a given supply of logs. This being so, there can be no doubt that
the economic status of the sawmill is improved. The principal question is whether the
southern sawmill industry would be content with this improvement, or whether it would
be actionably receptive to greater improvement by different means.

The opportunity for greater economic benefit exists in the great differential between
the value of wood as lumber and as kerf chips. At the lumber and kerf chip prices used
in this report, an improvement in sawing accuracy that will permit reducing the setting
for thickness by 1/32 inch would replace the entire kerf chip value sacrificed to im-
prove the sawing accuracy. Each additional 1/32-inch improvement in sawing accuracy
would increase revenue by an amount equal to the kerf chip value. By foregoing the
salvage of kerf chips, an improvement in accuracy that will permit a 1/16-inch reduc-
tion in setting thickness will return twice as much revenue as the sale of kerf chips
under present conditions. A second benefit of improved accuracy is, of course, an
increased yield of lumber from a given log supply, thus easing log procurement
problems.

Although larger industry benefits are possible through the substitution of improved
milling for kerf chip utilization, the two methods are not mutually exclusive. Eventu-
ally, saw improvements or changes in kerf chip specifications may make it possible to
produce kerf chips even while doing a precision job of sawing.

In this report, the basic thought has been that kerf chip salvage is one method, but not
necessarily the only or best, for benefiting the sawmilling industry. The characteris-
tics of the current kerf chip method have therefore been appraised against the back-
ground of potential benefits from milling improvements that are now attainable.
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BACKGROUND AND INTRODUCTION

In the manufacture of rough green lumber from logs, about 55 percent of the volume of
the unbarked log is lost as residue in the form of bark, sawdust, slabs, edgings, and
trims. The economics of utilizing this residue have long been troublesome. Bark,
which constitutes about 30 percent of this residue (15 percent of the log volume), has
very few uses, and there appears to be very, little hope for any large-scale profitable
markets in the near future. On the other hand, the development of log debarkers and
chippers for making pulp chips from slabs and edgings has broadened the market for
slabs and edgings, and such equipment is now within economic reach of the small saw-
mill operators. Pulp mills have found chips from such operations acceptable, and
many sawmill operators are obtaining substantial revenue from this solid residue.

Sawdust, however, still remains a problem material. While there are numerous uses
for sawdust, many of which might be called large-scale uses, practically none was
considered economically attractive until recently. Despite the fact that sawdust com-
prises over 40 percent of the sawmill residue from debarked logs and in many cases
poses a considerable problem of disposal at sawmills, no extensive coordinated pro-
gram has been initiated to develop large-scale uses for it. Nevertheless, the wood
products industry and public and private research people are constantly working at the
problem.

At the Forest Products Laboratory, the approach to the sawdust and shavings problem
has been to encourage better sawing practices among circular sawmill operators and to
induce them to use thinner saws to increase lumber yield by reducing the amount of
sawdust produced.

Industry' s efforts to utilize sawdust have been directed principally at fabricating
molded and similar products from the normally short-fibered sawdust particles. How-
ever, industry now is turning its attention to a somewhat different approach to the
problem--that of increasing the length of the sawdust particle through the use of a saw-
ing technique resulting in a longer average fiber length acceptable for pulp manufacture.

There is nothing unique in producing long sawdust particles. Efficient sawyers using
efficiently set up and properly maintained mills often produce them with standard stock
saws in everyday operation when sawing small diameter logs of low density, such as
white pine and cottonwood. Some have even produced them while sawing dense species,
such as oak and maple. Nevertheless, it is not a common practice among sawyers;
and, among the sawyers who reportedly operate their mill at such heavy feeds, their
sole purpose appears to be maximum lumber production. The end use of the sawdust
particle produced apparently has not been given consideration. As far as is known
until now, there have been no previous reports of attempts by sawmill operators to
utilize for paper pulp the extremely coarse sawdust particles (chips) thus produced.

The first reports which the Forest Products Laboratory had of this development came
from the Pacific Northwest in 1957, where inserted-tooth edger saws were modified
somewhat and equipped with special teeth 3/8 inch wide to produce chips about 3/8 inch
in length. The second report came from the Southeastern Forest Experiment Station in
1958, and concerned the development of a "sparse tooth" inserted-tooth headsaw by
J. T. Griffin, Wells-Griffin Lumber Company, Valdosta, Ga. Mr. Griffin reportedly
conceived the idea for the saw from dubbing off alternate teeth in a conventional
inserted-tooth saw to increase the sawing efficiency. The sawdust particles thus
produced were twice the length of those previously made.

Report No. 2210	 -3-



Working in cooperation with a saw manufacturer, Griffin designed a 48-inch-diameter,
7-8 gage saw having 12 style-D teeth and equipped with special hollow-ground teeth
9/32 inch wide. The teeth were made from standard stock teeth. The tooth face
produced was cylindrically concave, with its axis in the plane of the saw. The radius
of curvature was 1/2 inch.

The saw was tried experimentally on Griffin' s mill. The sawdust particle, or chip,
produced reportedly was about 1/4 inch long, such as would be produced by the saw in
taking a I/4-inch bite. —2 A pulp mill in northern Florida indicated that the sawdust
made was acceptable for mixing with regular pulp chips in the manufacture of pulp.

Southeastern Station personnel kept abreast of these developments, and when it became
evident that a controlled investigation was required to determine the operational limita-

tions and potentials of the saw, the assistance of the Forest Products Laboratory was
requested. The Laboratory agreed to make the study because this development might
have industry-wide application and help considerably in reducing the sawmill residue
problem. The work was done in cooperation with the Southeastern Forest Experiment
Station; Wells-Griffin Lumber Company; Simonds Saw and Steel Company, Fitchburg,
Mass.; and Harry R. Schell, Blue River, Wis. , saw smith.

Scope and Objectives

As far as is known, the work undertaken had been preceded by only limited studies to
determine the maximum bite for any given set of conditions. 	 Those studies
were incidental to other problems, and all the factors and variables involved were not

3taken into consideration.— In the preliminary analysis of the problem, it did not appear
that the study was particularly complex. After some limited sawing checks were made
and the problem analyzed more fully, however, it became apparent that numerous
variables need consideration in a comprehensive study of the production of pulpable
sawdust without detriment to the production of acceptable lumber. Included are mechan-
ical saw variables such as tooth form, gullet size and profile, kerf width, saw plate
thickness, number of teeth in the saw, saw speed, saw tension, and power require-
ments, together with such wood variables as density, annual ring characteristics, width
of the sawing face (board width), moisture content and grain direction. In addition,
there are economic factors to consider.

It was recognized soon after the study was initiated that it would be impractical to get
specific answers to each of the numerous combinations of variables and factors indi-
cated. Nevertheless, exploratory information was needed regarding a group of vari-
ables within the range of practical operating conditions and to make a specific com-
parative analysis of at least one set of conditions. Consequently, the study was
divided into two phases, the objectives of which are:

—Bite is the sawmill feed rate per tooth, usually stated as a fraction of an inch. It is
determined by dividing the log feed in inches during one revolution of the saw by the
number of teeth in the saw. For example, when stock is fed to a 52-tooth saw at
6-1/2 inches per revolution, the feed per tooth or bite, will be: 6. 5 4 . 52 = 0.125 =
1/8 inch. Sawdust particles produced at a bite of 1/8 inch or more are often referred
to as chips.

Telford, C. J. Energy Requirements for Insert-Point Circular Headsaws. Proceed-
ings, Forest Products Research Society. 1949.
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Phase 1. --Preliminary exploratory study. Exploratory saw performance tests were
run on the Forest Products Laboratory research sawmill with 12-, 18-, and 36-tooth
saws, with precise control of the mechanical sawing factors '3f tooth form, tooth width
(kerf), saw speeds, and feed rates. Observations were made of the effect of these
factors on roughness and dimensional variation of the boards and the character of the
sawdust particles produced.

Phase 2. --Specific controlled study. Under operating conditions shown to be most
practical by Phase 1, the performance of the 12- and 36-tooth saws was compared in
relation to width of sawing face, sawing accuracy, acceptability of the sawdust for pulp-
ing, and planing allowance required to remove board surface roughness. In addition,
the economics of salvaging sawdust for pulp use was evaluated in comparison with gains
from improved sawmilling practices.

Research Facilities and Material

Research Sawmill

The Forest Products Laboratory research sawmill is basically a circular sawmill of
medium size, but its operating mechanisms are designed to maintain precise control
of saw and carriage speeds while sawing logs or cants within its capacity. A specific
bite can be attained accurately for a wide . range of combinations of saw and carriage
speeds.

--The carriage is of standard manufacture and of the conventional small saw-
mill type (4, 000-pound class); it is 16 feet long and has one independent and three.
standard headblocks equipped with standard post dogs of the combined screw lever-
draw lever type. The three standard headblocks are equipped with set-out levers. The
setworks is a standard double-acting type.

Feedworks. --The feedworks is independent of the headsaw. It has a cable-and-drum
type of drive assembly operated by a 15-horsepower, direct-current electric motor
through a reduction gear unit of 18 to 1 ratio. The motor and controls are designed to
provide any selected feed rate between 30 and 400 feet per minute with less than a 2 per-
cent variation, at acceleration rates sufficient to attain the maximum selected speed
with a 10-ton load in not more than 4 feet of carriage travel.

Headsaw Motor and Saw Mandrel Assembly. --The headsaw motor is basically a 125-
horsepower direct-current electric motor powered from a motor generator set. It is
of special design to obtain any speed from 300 to 1, 200 revolutions per minute in either
direction. The motor is rated at 125 horsepower, at and above 375 revolutions per
minute; below 375 revolutions per minute the rating is proportional to speed. Any
selected speed can be maintained within ± 2 percent. The maximum width of sawing
face, fixed by the positions of saw mandrel and carriage bolster, is 18 inches with
48-inch saws.

Instrumentation for Measuring Test Variables. -.Calibrated meters connected to the
electric controls for the saw and carriage permit precise adjustment of saw and car-
riage speeds. Carriage and saw speeds are measured by electric tachometers. Instru-
ments for obtaining horsepower information include voltmeters and ammeters, strain-
gage torque-rod assemblies attached to the headsaw motor shell, and a photoelectric
torque assembly attached to the feedworks motor assembly.
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Saws

A 48-inch-diameter, 7-8 gage saw with 36 style-D inserted teeth was selected as a
control saw to be used for performance data comparisons with Griffin' s 48-inch-
diameter, 7-8 gage saw with 12 style-D inserted teeth—the original test saw (fig. 1).
The tooth spacing of the 12-tooth saw is about 12.6 inches, that of the 36-tooth saw
about 4. 2 inches.

After the study was underway, the saw manufacturer also provided a 48-inch-diameter,
6-7 gage saw with 18 style-D inserted teeth for making additional exploratory tests.
The tooth spacing for the saw is about 8.4 inches,

It was suggested to industry representatives during a demonstration of this saw at the
Laboratory that a saw having a number of teeth somewhere between 24 and 36 would
probably be the most practical for use by the average 'southern pine mill.

The selection of the control saw was based on the smallest number of teeth available in
standard saws stocked by the cooperator having the same specifications as Griffin' s
saw except for the number of teeth.

Saw Teeth

The original teeth furnished for the test study with the 12- and 36-tooth saws were
standard BDF-style teeth of 9/32 inch kerf, specially hollow ground on the tooth face
with a 1-inch-diameter wheel. The hollow grind was in the plane of the saw (vertical
to the saw axis). The original 37° tooth angle (or included angle) was not changed in
making the hollow grind. The control teeth for comparative tests with these saws were
standard 9/32-inch-kerf, BDF-style inserted teeth,. unaltered. In addition, standard
5/16-inch-kerf teeth were included in the initial phase of the study to determine their
effect on the performance of the saw (fig. 2). The standard 5/16-inch-kerf teeth also
were hollow ground with a 45" tooth angle and included in the study with the 12- and
36-tooth saws. In addition, the 18-tooth saw was fitted with standard 3/8-inch-kerf
teeth in some tests and with 3/8-inch-kerf teeth having hollow ground faces and rounded
backs in others.

Logs

A carload of 107 slash, lobiolly, and longleaf pine logs was supplied by Griffin for the
study. These ranged in diameter from 6 to 14 inches and in length from 12 to 16 feet.
About 80 percent of the logs were 8 to 11 inches in diameter (19 percent were 8-inch,
24 percent 9-inch, 24 percent 10-inch, and 13 percent 11-inch) and over 67 percent
were 14 feet long. All were peeled except five scheduled for special treatment.

PHASE I

Scope of Study

Although the initial exploratory work on Phase I indicated a need to find answers to a
wide range of saw operational variables, time and available raw materials (logs)
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permitted preliminary study of only a few of them. Consequently, the principal points
for which information was sought under Phase I were as follows:

1. The effect of a given bite on the stability of the saw being tested with any given set
• of saw-tooth and sawing variables.

2. The effect of a given bite on the surface character of boards produced by any given
set of variables.

3. The determination of the minimum size of sawdust chip acceptable for pulp manu-
facture.

4. The pulping characteristics of a sawdust chip acceptable for pulp manufacture.

5. The determination of tooth gullet loads as related to width of face, bite, and saw
performance.

6. An analysis of the character of the sawdust chips acceptable for pulp.

7. The determination of planing allowances required to dress off board surface rough-
ness, board edge tear-out (splinter), and thickness variation in sawing at a bite that
would produce an acceptable chip for pulp.

8. The determination of the power requirements for various bites and widths of sawing
face.

Procedure

Logs were slabbed on two sides to produce round-edged cants 6, 7, 8, and 9 inches in
thickness to provide known face widths (depths of cut) for duplication of sawing condi-
tions for each saw. Each saw, after being fitted with a specific tooth form, was used
to saw successive boards from individual cants under a given set of sawing conditions.

Very thin boards tend to shatter under the large cutting forces arising in sawing at high
feed rates. Knot breakage and bottom-edge tear-out (splintering) ± are, aggravated by
such shattering. The minimum thickness that was free of these thin-board effects was
found to be 3/4 inch, based on test sawings at thicknesses of 1/2, 5/8, 3/4, and 7/8
inch. To conserve test material, this minimum of 3/4 inch was adopted for all subse-
quent tests.

In the initial stages of Phase I, only the 12- and 36-tooth saws were used, equipped with
the original 9/32-inch-kerf, hollow ground teeth. As the study progressed, teeth with
5/16-, 11/32-, and 3/8-inch kerfs were included. The tests with the 18-tooth saw
were more limited than those of the 12- and 36-tooth saws.

4
—It is believed that a chip breaker could be designed for the head saw to reduce edge

splintering. A chip breaker design for most gang edgers should not be much of a
problem.

Report No. 2210
	

-7-



Notes were made during each of the trial runs on saw operational details, board surface
characteristics, and saw performance. Thickness variation measurements were
recorded when sawing conditions resulted in boards having an acceptable standard of
accuracy.

The sawmill carriage feed control and saw speed control were set to operate at combi-
nations of carriage feed and saw speeds that would make sawdust chips of specific
lengths ranging from 1/8 to 3/8 inch.

The 1/8-inch bite was set as a base because an efficiently operated commercial mill
would normally use this feed rate. The 3/8-inch bite was set as a ceiling because
Griffin had earlier stated that he had obtained satisfactory saw performance in his
edger at his mill when using a 3/8-inch bite on 4-inch faces and that a 3/8-inch sawdust
chip was desired by the pulp manufacturers. Consequently, in the early stages of the
study, every effort was made to find a combination of saw and carriage speed that
would give satisfactory saw performance when cutting a chip of this size. (Note:
Griffin later stated during a sawing demonstration of the testing procedure at the Lab-
oratory that he believed the chip produced at a bite of 1/4 inch would be accepted by
pulp manufacturers.)

Board thickness variation (sawing accuracy) and the character of the board surface
produced were established as basic gages of saw performance.

In searching for the set of sawing conditions that would give the best saw performance,
various combinations of saw speeds and carriage feed speeds were tried. Saw speeds
ranged from 450 to 630 revolutions per minute for the 12-tooth saw and from 300 to
550 revolutions per minute for the 36-tooth saw. Carriage feed speeds ranged from
70 to 185 feet per minute for the 12-tooth saw and from 119 to 400 feet per minute for
the 36-tooth saw.

Exploratory studies were conducted in the same manner on the 18-tooth saw. Standard
5/16-, 1 1 / 32 - , and 3/8-inch-kerf teeth were used as well as special 3/8-inch-kerf
teeth with rounded backs and hollow-ground or flat-ground faces.

There ares no specific industry standard for thickness variation. Studies of industry
practices— previously made at the Laboratory indicate that a well-set-up and properly
maintained circular sawmill can hold thickness variation of a board between plus and
minus 1/16 inch (end to end and edge to edge)--an overall variation of 1/8 inch.

Consequently, in the exploratory phase of the study two thickness tolerance limits
(variation standards) were set up: A single-face limit (1-face standard) of 4/64 inch
variation and a double-face limit (2-face standard) of 8/64 inch variation. The single-
face tolerance limit was the maximum acceptable thickness variation or saw line
deviation in a board sawed under specified conditions after the outer face of the cant
was trued up at a slow carriage speed. The double-face tolerance limit was the maxi-
mum acceptable thickness variation when both surfaces of the board were produced
under the same specified conditions. Thus, when a set of sawing conditions appeared
(by eye) to give a satisfactory performance, a sample board was sawed under that
specific set of conditions after truing the cant face at a slow feed rate. A record of

5—Telford, C. J. Thickness Variation of Lumber Cut by Circular Mills. Southern
Lumberman, Vol. 192, No. 2397, February 15, 1956.
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thickness measurements of these boards was made at five points along the top edge of
the board, 2 inches from each end, 24 inches from each end, and at the center of the
board. Under these conditions the 1-face standard was applied. When a series of
successive sawlines were made without straightening a face, the 2-face standard was
applied.

As far as is known, there are no specifications on which to judge bard surface charac-
teristics of rough-sawn lumber. It is a standard industry practice— to allow 1/8 inch
for planing. Since it was impractical to plane each board, the character of the sawn
surface was arbitrarily judged by eye using the following criteria as a guide for judg-
ing the degree of roughness of board surfaces:

Good: Normal roughness equivalent to that produced by a 1/8 inch bite.

7Fair: Medium "shelling"— of flat grain, medium fuzzing (fiber tear) of edge grain, and
medium splintering on the bottom edge of the board.

Poor: Heavy shelling of flat grain, heavy fiber tear-out, and heavy bottom-edge
splintering.

Sawing conditions which appeared optimum for both saw performance and production of
chips of an acceptable length for pulp were used to saw a number of boards succes-
sively from three different cants. These boards were used in determining the thickness
that must be planed off to remove surface roughness.

Before making the check on planing requirements, however, the boards were thoroughly
air seasoned (over 90 days). They were then cross cut at mid-length, and each half

was planed by repeatedly passing it through a single surfacer. Only 1132 inch was re-
moved at each pass, and after each pass an estimate . was recorded of the percentage of
board surface still showing evidence of sawing marks (skips). One surface was planed
until it was 100 percent free of skips, then the opposite surface was planed. The
amount planed from the first side eliminated both the thickness variation and the sur-
face roughness resulting from the sawing action, and the amount planed from the sec-
ond side was attributed only to surface roughness.

• The cant and board sides of each piece were marked, and each half-board was planed
on the cant side first and the mating half-board on the board side first. In this way,
the difference in roughness between the board and cant sides was determined.

Sawdust samples for analyses of particle sizes and fiber lengths were taken during
various test cuts. Sawdust from a given log was collected for study of pulping charac-
teristics of controlled-length sawdust chips and comparisons with pulp from conven-
tionally chipped boards of the Same log.

A "step" cant was assembled to check on the factor of tooth gullet loading in relation to
depth of cut (width of sawing face) and bite. The step cant assembly consisted of three

6
—Cahal, C. C. Sawmilling Practices That Pay. Southern Pine Inspection Bureau, 1947.

---7 The term "shelling," as used here, denotes the patchy loss of wood, consisting of a
layer of springwood extending inward from the sawed surface to the surface of the
underlying annual ring. The shelled layer usually separates cleanly along the
summerwood surface.
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pieces: A cant 6 inches thick by 14 feet long as a base and two 1-3/4-inch-thick top
pieces--one piece two-thirds the length of the base cant and one piece one-third the
length of the cant. When securedly dogged in place, these formed a step cant with one-
third of its length 6 inches thick, one-third 7-3/4 inches thick, and one-third 9-1/2
inches thick.

Voltmeter and ammeter readings were photographed during the period the saw, was run-
ning through each of the three depths of cut. Similarly, voltmeter and ammeter read-
ings were photographed when the saw was operating under some of the exploratory con-
ditions. Power consumption data was later computed from the photographed meter
readings.

To check on the influence of the annual ring on saw performance, a log was slabbed
four sides and sawed through the center. One half-cant was placed pith down on the
carriage, in which position the cutting proceeds from the bark surface towards the in-
terior and the teeth first engage the wood on the curvature of the ring as in normal
sawing (the log side corner of the tooth engages the hard summerwood first). The other
half-cant was placed on the carriage with the pith up, in which position the direction of
cut proceeds from the interior toward the bark surface and the board side corners of
the teeth engage the hard summerwood first as each ring is cut through. A few lines
were made on each half-cant, and then the ends were reversed to determine the effect
of taper as produced by sawing butt first and top first.

Performance of 12- and 36-Tooth Saws

Results of the Phase I exploratory performance tests of the 12- and 36-tooth saws
showed considerable differences in thickness variation and surface character of boards
produced with the different bites and saw teeth used.

1/8-Inch Bite, 9/32-Inch-Kerf Teeth

Thickness variation. --At a 1/8-inch bite, both the 12- and the 36-tooth saws consist
ently held to within the thickness variation standards on all control cuts (6, 7, 8, and
9 inches in depth) when fitted with either the original 9/32-inch-kerf hollow ground or
the 9/32-inch-kerf standard tooth. The corners of the hollow-ground bits, however,
showed a tendency to "roll" back when sawing through knots more than 1 inch in diam-
eter.

A few saw lines were checked on sawing depths up to 12 inches in preparing the cants.
The thickness variation was well within the 1/8-inch, "2-face" standard.

Changing the combinations of saw and carriage speeds had no noticeable effect on saw-
ing accuracy.

Character of board surface. --All sample boards were judged good and could have been
planed smooth within the normal industry allowance of 1/16 inch each face.'
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3/16-Inch Bite, 9/32-Inch-Kerf Teeth

Thickness variation. --The thickness variations resulting from sawing the 6- and 7-inch
cants were within both thickness variation standards for all sawing conditions. How-
ever, when sawing 8- and 9-inch cants, both saws, regardless of which 9/32-inch-kerf
tooth form was used, produced several saw line variations in excess of the 1/16-inch,
"1-face" standard and the 1/8-inch, "2-face" standard. Neither tooth form showed any
definite pattern of behavior; nor did changing the combinations of saw and carriage
speeds noticeably affect saw behavior.

Two factors appeared to have an influence here. (1) The increased bite produced more
fuzziness, particularly around large knots. Thus, on wide faces, resulting friction and
heat affected the saw. This indicated that the side clearance might have to be increased
to reduce the rubbing effect of the fuzzy fibers resulting from the coarser feed. The
tooth side clearance normally recommended for softwoods is approximately three gages
on each side or a kerf approximately six gages greater than the saw plate. A check of
the 12- and 36-tooth saws regarding this point revealed that, although the gage of the
9/ 32-inch-kerf tooth was approximately 2 and that of the saw plate was 8, a difference
of 6 gages as recommended, the swage of the tooth holder (shank) was 6, only 4 gages
narrower than the swage (kerf) of the teeth. (2) On cants having bands of heavy sum-
merwood the saw tended to run out of the cut--particularly the 12-tooth saw. This
indicated that the character of the annual rings has an influence on saw behavior.

The saw was subsequently retensioned to make it stiffer in the center to help compen-
sate for the heat and the tendency of the saw to deflect. The saw performance im-
proved, but measurements still were on the fringe of the variation standards.

The points of some of the hollow-ground teeth also were noticeably rolled back on the
large, hard knots, so much that it would have required peening to straighten them.

Character of board surface. --Although there was more fuzzing and a slightly rougher
face than observed on boards sawn with the 1/8-inch bite, roughness on both faces due
to tooth action probably would have surfaced out within the 1/8-inch allowance of normal
industry practice.

3/16-Inch Bite, 5/16-Inch-Kerf Teeth

Thickness variation, standard tooth. --To check on the effect of side clearance on saw
performance, the 9/32-inch standard teeth were replaced with 5/16-inch standard
teeth (37° tooth angle) in both the 12- and 36-tooth saws. This change greatly improved
the performance of both saws. The several saw lines subsequently produced were
within the variation standard set on both 8- and 9-inch cants.

Thickness variation, hollow-ground tooth,  37 tooth angle. --Standard 5/16-inch-kerf
teeth, hollow ground on a 1/2-inch radius and maintaining the 37° tooth angle of the
standard tooth, were also included in the test. Thickness variation did not appear to be
appreciably different from that produced by the standard tooth, but, as with the hollow-
ground, 9/32-inch-kerf teeth, the tooth points tended to roll back when sawing hard
knots.

Thickness variation, hollow-ground tooth, 45° tooth angle. --A set of 5/16-inch-kerf
standard teeth was hollow ground to the same 1/2-inch radius used on the
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9/32-inch-kerf teeth, but the tooth angle was increased to 45 0 . The several saw lines
made with these teeth with both the 12- and 36-tooth saws, on 7- and 8-inch cants, were
also within the established variation standards, and the points of the teeth did not tend
to roll back.

Although there were no appreciable trends in thickness variation between the 12- and
36-inch saws, it appeared that the 36-tooth saw held closer to the variation standards.
There appeared to be no appreciable difference between the sets of data on thickness
variation for any of the several tooth forms or cant thicknesses with either the 12- or
the 36-tooth saws when different combinations of saw and carriage speeds were used.

Character of board surface, 5/16-inch kerf. --Board surfaces on 6- and 7-inch-wide
boards made at 3/16-inch bite were comparable to those made with the 1/8-inch bite
regardless of the tooth form. On 8- and 9-inch faces, some slight shelling occurred
on boards that were flat sawn (saw cut tangent to the annual rings). The lower half of
the boards that were quarter sawn with a 3/16-inch bite (close to the pith) appeared
slightly rougher (that is, had a rubbed appearance) than those made with the 1/8-inch
bite. Areas around large knots (2 inches or more) had noticeable concentrations of
fuzzy fiber. All boards were judged good for each of the combinations of variables
used and probably would have surfaced within the 1/16-inch allowance per side.

1/4-Inch Bite, 9/32-Inch-Kerf Teeth 

Thickness variation. --Trial runs with the 12- and 36-tooth saws were made using both
standard and hollow-ground teeth. However, saw performance for the saws fitted with
either of the 9/32-inch-kerf teeth was judged to be decidedly unsatisfactory.

Thickness variation exceeded the 4/64-inch, 1-face standard by 3/64 inch to more than
18/64 inch. The 36-tooth saw gave the better performance, holding within 16/64 over
the standard.

Character of board surface, 9/32-inch kerf. --The board surfaces on both narrow and
wide boards were judged poor. The bottom half of 8- and 9-inch faces had severely
torn and shelled grain. The 6-inch boards also had considerable shelling. Allowance
for planing to a smooth surface would have been greatly in excess of 1/16 inch per face.

1/4-Inch Bite, 5/16-Inch-Kerf Teeth

When the 5/16-inch-kerf teeth were used, each saw showed marked differences in
performance under various sawing conditions. The differences, however, appeared to
be related more to depth of cut and saw speeds than to tooth form. Although there
appeared to be no marked differences between tooth forms as far as thickness varia-
tion was concerned, there appeared to be a slight difference in the character of the
board surface.

Thickness  variation. --The performance of neither saw was consistent enough to be
judged satisfactory on 8- and 9-inch cants. For some cuts the saws held to within plus
or minus 1/64-inch variation from the set thickness, while on others the variation was
as much as 5/64 inch above the 1-face standard. However, the 36-tooth saw appeared
to be more consistent.
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On 6- and 7-inch cants the 12-tooth saw was still erratic. It was most erratic at
650 revolutions per minute, less so at 550, and gave the best performance at 450. The
maximum variations of the boards produced with the 12-tooth saw were slightly over
the 8/64 inch, 2-face standard at 450 revolutions per minute. This was considered
acceptable because of the consistency of the group of measurements, although not fully
up to the standard. The hollow-ground teeth seemed to perform better than the stand-
ard teeth, but there was not enough evidence to establish this as a fact.

The performance of the 36-tooth saw on 6- and 7-inch cants was superior to the 12-
tooth saw, although still somewhat erratic. The characteristics of the annual rings
again appeared to have some influence on saw behavior, as did tooth gullet capacity and
condition of the kerf wall. However, there were too few cants to make more than a
limited check on these points.

Taking boards off the headsaw (off bearing) became a safety problem on the Laboratory
mill at carriage speeds above 300 feet per minute (400 revolutions per minute with the
36-tooth saw and a 1/4-inch bite). Consequently, saw speeds of 300, 350, and 400 were
used to check saw performance at a bite of 1/4 inch and greater. At 400 revolutions
per minute, the saw was most erratic but performance was still considered acceptable
because the variation of 3 of 5 cuts was less than the 1-face standard and the remain-
ing 2 cuts were only 2/64 inch over the 1-face standard of 4/64 inch. All of the saw
lines made at 300 and 350 revolutions per minute were within the 1-face standard of
4/64 inch. The saw lines made at 300 revolutions per minute appeared to have the
advantage, although there were too few lines to establish this definitely.

It was discovered while making the cuts with the standard tooth form that immediately
after a cut was made the cutting tips of the teeth were hot enough to sear the skin,
particularly after cuts involving large knots. It was theorized from this condition that
the heat from heavy bites would require even more tension than had been used previ-
ously. Consequently, the saw was tensioned so as to be stiffer at the rim but "loose"
or "open" just inside of the rim and stiffer in the rest of the plate. This modified ten-
sion was used for all succeeding tests, including the heavier bites. Although the saws
tensioned in this manner performed better, neither saw consistently held within the
4/64 standard.

Character of board surface, 5/16-inch kerf. --The lower half of the surface of 8- and
9-inch boards had severe fiber tear-out, particularly on rift or quarter-sawn cuts; on
flat-grain cuts there was considerable shelling on the cants having coarse annual rings.
These surfaces were judged to be fair, but it would require considerable planing to
produce an acceptable surface.

The surfaces of boards less than 8 inches wide were rough, though to a lesser degree
than the wider boards, and displayed a somewhat similar character of roughness.
Their surfaces were also judged to be fair and probably would require less planing than
the wider boards to develop an acceptable planed surface.

It appeared from the location and the character of the area of fiber tear-out that the
condition was partially caused by the rubbing action of the sawdust chip particles being
carried through the kerf. It also appeared that this action of the sawdust possibly had
a tendency to compact the fiber between the saw plate and kerf wall, which would cause
the saw to "dodge."
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1/4-Inch Bite, 11/32-Inch-Kerf Teeth 

Thickness variation. --When fitted with standard 11/32-inch-kerf teeth, the 12-tooth
saw performed very well on 6- and 7-inch cants. The thickness variations for several
cuts made in two different cants was within the 4/64-inch, 1-face standard, except for
two saw lines which were 1/64 inch in excess of the standard. No cuts were made on
8- and 9-inch cants.

Character of board surface. --The character of the board surface was judged fair. The
fiber tear-out was not so severe as with the 5/16-inch kerf, but there was evidence of
a severe rubbing action that gouged to the depth of the springwood portion of those
annual rings that were tangent to the saw line.

1/4-Inch Bite, 3/8-Inch_Kerf Teeth

Thickness variation. --When fitted with standard 3/8-inch-kerf teeth, the 12-tooth saw
performed quite well on successive saw lines on a 6-inch cant. The thickness varia-
tion was well within the 8/64 of the 2-face variation standard.

Character of board surface. --Severe rubbing of the board surface was evident, but the
surfaces of the boards appeared to be superior to those produced with the 11/32- or
5/16-inch-kerf teeth.

5/16-Inch Bite, 5/16-Inch-Kerf Teeth

Thickness variation. --Because of the poor performance of the saws on thicker cants at
1/4-inch bite, saw lines made with the 5/16-inch-kerf teeth were made only on 5- and
6-inch cants at 5/16 inch bite. Both saws and both tooth forms (standard and hollow
ground) were used at several saw speeds. The variation in sawing accuracy on 6-inch
cants in all cases was greatly in excess of either thickness variation standard. The
accuracy was better with saw lines made on 5-inch cants but still not within the stand-
ards. A series of cuts were also made to check on saw performance at bites from
slightly above 1/4 to slightly below 5/16 inch. However, the saw performance was
still very erratic.

Character of board surface. --All of the board surfaces produced at the 5/16-inch bite
were judged poor, the surfaces having excessive fiber rubbing and tear-out and exces-
sive splintering. J. T. Griffin, who observed some of the exploratory tests, indicated
that the surfaces produced with bites of 5/16 inch or more would not be acceptable in
commercial practice.

3/8-Inch Bite, 5/16-Inch-Kerf Teeth

Thickness variation. --Several trial runs were attempted with both the hollow ground
and the standard teeth on 4- and 6-inch cants with the 36-tooth saw, but the saw tended
to run excessively "in" or "out" of the sawing line within a few feet of the start in the
several cuts attempted.

At this point it was decided to discontinue temporarily further exploratory study on
bites greater than 1/4 inch with the 12- and 36-tooth saw because of the factor of safety
and the possibility of damage to the saws.
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Consequently, the 36-tooth saw operated at 400 revolutions per minute for a 1/4-inch
bite (carriage speed 300 feet per minute) and equipped with the 5/16-inch-kerf, 45°,
hollow-ground teeth was used to saw a series of 14 boards for an exploratory control
check on surface roughness. They were consecutively sawn from three 6-inch cants.
The boards were calipered for thickness variation and piled for air seasoning before
the planing study was made. All of these boards were 1 inch thick (1-5/16-inch set)
and sawed from two cants 14 feet long and one 12 feet long. Saw lines from the first
cant resulted in very good saw performance; maximum thickness variation was only
4/64, which was well within the 8/64, 2-face thickness variation standard. The sawing
accuracy on the next two cants was rather erratic, however, 3 out of 10 boards having
a variation in excess of the 8/64-inch standard. Although this difference could have
been due to the shape (form) of the tooth, it could just as well have been due to the
character of the annual rings or to other factors not fully explored.

In a review of the results of the sawing tests with the 12- and 36-tooth saws at 1/4-inch,
5/16-, and 3/8-inch bite, it was decided that the 1/4-inch bite gave the best perform.-
ance from the standpoints of optimum chip length, accuracy, and character of board
surface.

These exploratory data on saw performance of the 12- and 36-tooth saws indicate that
the number of teeth in the saw is not a limiting factor in taking a coarse bite per tooth;
that the greater amount of fiber fuzz on the kerf walls resulting from a bite greater than
the 3/16 inch requires an increase in the side clearance; that a coarse bite (3/16 inch
and over) results in a kerf wall roughness that requires an additional planing allowance
that apparently increases with the bite.

Results of Saw Performance--18-Tooth Saw

Only a brief exploratory study was made with the 18-tooth saw on 6-, 7-, and 8-inch
cants, with 1/8- and 3/16-inch bites, using both the standard 5/16-inch-kerf and the
45° hollow-ground teeth. The 5/16-inch kerf is the minimum kerf width recommended
for a 6-7 gage saw. The saw performance was considered to be satisfactory for either
bite, from the standpoint of both thickness variation and surface character.

1/4-Inch Bite 5/16-Inch–Kerf Teeth

The saw performance for both the hollow-ground and standard 5/16-inch-kerf teeth was
erratic at 1/4-inch bite on 6-, 7-, and 8-inch cants at saw speeds of 300, 400, and 500
revolutions per minute. Although some thickness variations were within the 4/64-inch,
1-face standard, there were no consecutive saw lines within the standard. Board sur-
face character was considered poor.

1/4-Inch Bite, 11/32-Inch-Kerf Teeth

On 6- and 7-inch cants the saw performance was within the 4/64-inch,l-face standard
for standard teeth at 11/32-inch kerf and 1/4-inch bite. No hollow-ground teeth were
made for this kerf width. On 8-inch cants, the saw performance was erratic; of the
several saw lines made, only one was within the 4/64 -inch, 1-face standard, all other
saw lines were considerably in excess of it. Board surface character was fair on 6-
and 7-inch cants and poor on 8-inch cants.
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1/4-Inch Bite, 3/8-Inch-Kerf Teeth

Standard teeth. -..The saw performance at 1/4-inch bite was considered satisfactory
when equipped with 3/8-inch-kerf standard teeth and sawing 6- and 7-inch cants. Except
for one thickness variation measurement, all of the saw lines produced with the standard
tooth were within the 8/64-inch, 2-face standard. No saw lines were made on cants
thicker than 7 inches. The character of the board surface was considered fair to good. No
hollow-ground teeth were made from standard teeth for this kerf width. The use of teeth
with 3/8-inch kerf has been considered to have doubtful economic merit.

Special hollow- teeth. -The 18-tooth saw fitted with the 3/8-inch round-back,
hollow-ground teeth was tested on a 7-inch cant at a bite slightly greater than 1/4 inch.
Thickness variation was within the 8/64, 2-face standard but the characteristics of the
board surface was fair. Edge chipout was likewise fair. A 1 -inch by 7-inch by 14-foot board
produced with this tooth was planed green to obtain some idea as to the amount that must be
planed off to surface smooth. One side removed the sawing marks 100 percent in 3/32 inch
and the second side required 4/32 inch to clear up 100 percent- -a total of 7/32 inch to sur-
face clear of sawing marks.

5/16-Inch Bite, 3/8-Inch-Kerf Teeth

Only the 3/8-inch-kerf teeth were used on the bites heavier than 1/4 inch, because the results
obtained in sawing with the narrower 5/16-inch and 11 /32-inch-kerf teeth indicated the
ceiling had possibly been reached with them at 1 / 4 -inch bite.

All of the saw lines made with the standard 3/8-inch-kerf teeth on 6-inch cants were with-
in the 8/64-inch, 2-face thickness variation standard. However, the character of the board
surfaces was considered only fair. Only one saw speed- -475 revolutions per minute- -was
used for this set of sawing conditions .

3/8-Inch Bite, 3/8-Inch-Kerf Teeth

The saw performance using standard 3/8-inch-kerf teeth at a 3/8-inch bite was very erratic
on 6-inch cants at 475 revolutions per minute. On 4-inch sawing faces at 475 revolutions per
minute, saw lines were within the standards but the board surface characteristics were poor.

Effect of Annual Rin . Position on Saw Performance

As described under the heading Procedure, a log was squared and split along the line of the
pith to provide two cants for analyzing the relation between the saw performance and the
direction of sawing with respect to the orientation of the annual rings. The sawing faces were
approximately 5 inches wide. Test cuts were made at a bite of 1/4 inch, using the 36-tooth
saw fitted with 5/ 16-inch-kerf, hollow-ground bits with a 450 tooth angle and operated at
400 revolutions per minute.

One objective of the test was to isolate, if possible, the cause of "shelling. " The shelling
type of surface roughness usually occurs in the true flat-grain portion of the board- -the cen-
tral area of full width or sawn-alive boards —and may be the effect of fiber direction in rela-
tion to the direction of cutting forces or may result from rubbing by sawdust from the upper
part of the board.

Other objectives were to determine the effect of knot orientation, taper of the annual
rings, and cutting direction (bark to pith or pith to bark) on saw action.

When the cant was placed with its pith side uppermost, the cutting direction was outward
(toward the bark surface) and best saw performance resulted. Variation was within the
4/64-inch, 1-face standard for five of the six cuts. Placing the cant with its pith
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surface down, the cutting direction was inward from the bark surface, and variation was
within the 4/64-inch limit for only two of six cuts. For each cutting direction, the feed
direction was reversed for half of the cuts. When sawing from the top end, the variation was
within the 4/64-inch standard for four of the six cuts. When sawing from the butt end, the
variation was within the standard for three of the six cuts, but two cuts exceeded the standard
by 7 /64 and 11/64 inch. This limited test suggests that sawing top end first may be advanta-
geous when taking a heavy bite.

Minor effects noted in this test were the tendency for saw deflections to be toward the cant
when sawing butt end first and away from the cant when sawing top end first, possibly because
of the slope of the annual rings associated with log taper. A second effect was a tendency for
the sawed surfaces of knots to be slightly depressed on the cant side of the cut and slightly
raised on the board side when sawing from the top end, the reverse holding true when sawing
from the butt end.

Character of board surface. --The surface character of the boards sawn was judged to be
fair when the sawing direction was outward toward the bark surface (pith side of cant upper-
most). There was little shelling in the flat-grain area along the upper portion of the sawed
face. When the cutting direction was inward from the bark surface (pith side of cant down)
the surface was poor because of excessive fiber tear, especially at the bottom edge of the cut.
Excessive shelling also occurred in the flat-grain area along the lower portion of the sawed
face. This suggests that rubbing by sawdust may be an important contributing factor in
causing or aggravating shelling. Sawing from the butt end appeared to produce more fiber
tear and shelling than sawing top end first, and increases the apparent advantage of sawing
the top end fir st.

The Effect of Surface Roughness on Planing Requirements

The data on the depth of planing required to produce a finished surface on the 14 sample
boards showed that, in planing the first sides of the boards, the amount removed to
produce a 100 percent skip-free surface on boards (sawed with 5/16-inch teethata bite
of 1/4 inch) ranged from 3/32 to 9/32 inch. From the second side it was necessary to
plane off from 2/32 to 5/32 inch to produce a 100 percent skip-free surface. The
amount surfaced from the first side included all the variation in thickness due to saw-
ing inaccuracy plus the roughness caused by saw tooth action; the amount surfaced
from the second side determined only the depth of the roughness caused by the saw
tooth action on that face. Thus, the amount of planing required to allow for variation
in thickness is the difference between the first and second side planing depths, a maxi-
mum possible difference of 9/32 minus 2/32, or 7/32 inch. To plane the roughness
caused by the saw tooth action from both sides would require twice the maximum of
5/32 inch required for tie second side, or 10 / 32 inch, making a total of 17/32 inch,
assuming that surface roughness is the same for both surfaces.

The experimental data, however, showed that, to insure 100 percent skip-free planing
on both surfaces of all boards, a planing allowance of 14/32 of an inch would be neces-
sary. This also assumes that surface roughness is the same for both faces . Since the
normal industry practicell is to allow 4/32 inch for surfacing, the extra thickness

Southern Pine Inspection Bureau manufacturing standard allows no skip for A. and B
Finish grades and only a slight skip for C Finish grade. For D Finish grade and the
No. 1 Boards grade, only 10 percent skip is allowed. The manufacturing standard for
the No. 2 Boards grade and No. 1 Dimension grade (2 inch) allows only 25 percent skip.
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required due to the production of pulp chips at a 1/4-inch bite, will be 10/32 inch if the
8lumber is to meet SPIB— standards for A, B, and C Finish grades. If only 95 percent

of the boards were to be 100 percent skip-free, an added 8/32 inch of thickness, or a
total planing allowance of 12/32 inch would still be required.

On the basis of surfaces 90 percent skip-free, a planing allowance of 1 1 / 3 2 of an inch
was needed to dres3 95 percent of the boards to this standard, 7/32 of an inch over
standard practice.— On the basis of surfaces 75 percent skip-free, it required 9/32 of
an inch to dress 95 percent of the boards to this standard, an added 5/32 of an inch
over standard practices,

Data on edge splintering were obtained only on the bottom edge of the boards, as the
top edge was apparently not affected by the sawing conditions. The data indicated that
13 percent of all boards would require planing 3/8 inch off the bottom edge to remove
splinter marks 100 percent, 21 percent would require 5/16 inch, 33 percent 1/4 inch,
29 percent 3/16 inch, and 4 percent 1/8 inch. Recommended industry practice-6 is
to allow 1/8 inch of extra width for side dressing (1/16 each per edge); apparently con-
siderable oversizing would be required to permit dressing out the bottom edge splinter-
ing and tear-out resulting from the 1/4-inch bite.

The data on the planing depth required to remove roughness indicated a slight difference
between the board and cant sides of boards. An average planing depth of about 3/32
inch (0.0937 inch) was needed to surface the sawing marks from the board side and
slightly less than 3/32 inch (0.0800 inch) to surface the cant side. This difference was
not great enough to be considered significant.

Minimum Chip Length (Bite) To

Produce Acceptable P

A pulping test-2 on sawdust chips made at a bite of 1/4 inch was made at the Laboratory. The
results indicated that the pulp had 82 percent of the bursting and 88 percent of the tearing
strength of pulps from conventional chips. The minimum length of sawdust chip from which
acceptable pulp can be made has yet to be determined. The 1/4-inch chip was more or less
arbitrarily selected on the basis of current pulp indus try practices and on sawing conditions
established by exploratory trials. Additional pulping tests are scheduled on sawdust chips
1/8, 3/16, 1/4, and 1 / 3inch in length produced under precisely controlled sawing condi-
tions.

The Effect of Tooth Gullet Loading (Capacity

Tooth gullet capacity is usually expressed in terms of the ratio of the area of the tooth
gullet profile to the profile area of the solid wood removed by the tooth. Previous
studies— indicate that, at a ratio of approximately Z: I, power demand rises sharply,
signifying that this ratio marks the beginning of overloading of the gullet. The ratio at
this overloading point is to some extent related to compressibility or specific gravity
of the wood, as a higher specific gravity requires a greater gullet capacity and thus
increases the ratio. The tooth gullet profile area of the D style tooth is between 2.8
and 3.0 square inches. The profile area of solid wood removed by one tooth is the
depth of cut multiplied by bite. Consequently, it can be theorized that, when solid wood

aMartin, J. S. Pulping Sawdust Chips Made by a Coarse-Feed Saw. Forest Products
Journal, October 1959.
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having a profile area of 1.5 inches passes into a D style gullet, the overloading point
will have been reached and additional solid wood will have an adverse effect on saw
performance.

The step cant test to determine the effect of gullet loading at 114-inch bite resulted in
poor saw performance at a depth of cut between 7-3/4 and 9-1/2 inches. The solid
wood cut by each tooth caused a slight overloading, and the effect was in line with the
results of other studies. On the other hand, notes taken on other saw lines at 1/4-inch
feeds indicated that the saw performed very well, from both the standpoint of sawing
accuracy and board surface appearance, at a depth of cut of nearly 12 inches, giving a
ratio of close to 1:1.

The step cant test for a 5/16-inch bite resulted in poor sawing accuracy and surface
characteristics on the 6-inch portion of the cant. As before, the ratio is in the over-
load region and the effects are in line with previous studies. However, notes on other
saw lines made in the saw performance tests indicated satisfactory performance with
a 5/16-inch bite on an 8-inch depth of cant, for which the ratio is about 1.2:1.

Using a 3/8-inch-kerf tooth to cut a 4-inch cant at a bite of 3/8 inch, a very rough sur-

face was produced. The gullet load under these conditions was about at the point of
overloading. The rough surface probably added to the normal churning action of the
chip particles, tending to split the chips along the annual rings into very thin plates
that could readily slip out of the gullets. This splitting was less pronounced at reduced
saw speeds.

A review of the data on specific gravity of the board samples of a number of cuts made
in the exploratory study showed a variation from 0. 37 (approximately) to 0.72 (approx-
imately), with the majority falling between 0.45 and 0.55. This range of specific
gravity may account for some of the varied results, but other factors, such as the
amount of tooth side clearance, the character of the annual ring, cutting direction, and
saw speed, may also contribute.

Some of these factors undoubtedly affect gullet capacity, and the 2 to 1 ratio of gullet
to solid wood profile areas is, therefore, not a rigid index of the point of overloading.
A comprehensive study of sawdust chambering in the gullet will be essential to a full
evaluation of capacity under diverse operating conditions.

Analyses of Sawdust Particle Size

The small size of sawdust particles has been a major objection to the utilization of
sawdust for pulp. Pulp chip sawing produces the coarse particles that partially over-
come this objection, but some break-up into fine particles results from the sawing
action. Consequently, pulp companies currently purchasing the sawdust accept only the
portion that does not pass through a 3/16-inch screen. The bulk size of the particle,
therefore, has an important bearing on pulp-chip sawing economics, and screen analy-
ses are desirable to determine the amount available. In making the screen analyses the
samples of sawdust were agitated for a period of 5 minutes on a screen having 3/16-

inch holes. Samples for analysis were taken from the full batch of sawdust by the
standard quartering procedure.

In cutting a 6-inch cant with the 5/16-inch-kerf, 36-tooth saw at a bite of 1/4 inch, the
gullet-solid wood ratio is approximately 2:1, the maximum before overloading begins.
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Fifty-two percent of the sawdust particles produced under these conditions remained
on the 3/16-inch screen. When the depth of cut was increased to 7 inches without
changing the bite, the gullet loading entered the overloading region and the percentage
of sawdust particles retained on the 3/16-inch screen dropped to 45 percent. Appar-
ently, crowding the additional material into the gullet resulted in more chip breakage
by crushing and by rubbing against the kerf walls under increased pressure.

A screening analysis of sawdust particles produced at saw speeds of 300 and 600 revo-
lutions per minute gave the following results:

Sawdust particle
	 300 revolutions	 600 revolutions

size	 per minute saw	 per minute saw

	

speed	 speed

	

Percent	 Percent

1/4 inch and larger	 30	 20

1/8 inch and larger	 78	 73

1/16 inch and larger	 95	 95

Under 1/16 inch	 5	 5

The lower speed apparently resulted in a higher percent of the largest particles.

An analysis of the sawdust particles obtained from quarter sawing (radial) as against
flat sawing (tangential) indicated that flat sawing developed larger particles than quarter
sawing. Apparently, when the annual rings are at right angles to the tooth path (kerf),.
the tooth action has a greater tendency to shear the chips (along the line of the spring-
wood and summerwood) than when the tooth path is parallel to the annual ring. The
springwood-summerwood ratio and kerf width also appeared to influence particle size.

It was evident from these analyses that a number of factors that influence particle size
would require additional study.

Power Requirements Analysis 

An analysis of the power consumption data obtained in sawing to produce an acceptable
chip (1/4-inch bite) showed no significant difference between saws having different
numbers of teeth when taking the same bite under the same sawing conditions on cants
having essentially the same specific gravity. The data also showed that power con-
sumption increased in direct proportion to the depth of cut (width of sawing face) when
gullets were not overloaded.

There are a number of ways that horsepower requirements can be expressed, and one
of the most convenient is the cubic volume of wood removed per unit of time; for ex-
ample cubic foot per minute. In this analysis the data obtained from voltmeter and
ammeter readings were applied to the volume of wood removed, resulting in a basic
figure of 14-1/2 horsepower per cubic foot per minute for a bite of 1/8-inch and 12
horsepower per cubic foot per minute for a bite of 1/4-inch.
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A 5/16-inch-kerf, 36-tooth saw turning at 350 revolutions per minute and taking a
1/4-inch bite in a cant 6 inches deep fed at 262 feet per minute will remove 3.41 cubic
feet of wood (as sawdust) per minute. At the rate of 12 horsepower per cubic foot per
minute, the horsepower required will be 12 times 3.41, approximately 41 horsepower.
Increasing the depth of cut to 7 inches will increase the volume removed as sawdust to
3.98 cubic feet per minute, requiring 12 times 3.98, or 48, horsepower.

It should be recognized that the above summary is based on a very limited sample.
Although the factors controlled in this test (saw speed and feed rate) have a strong in-
fluence on power consumption, the influence of factors such as annual ring character-
istics, particle action in the tooth gullet, and specific gravity variation within the cant
may be stronger than anticipated at the heavier bites. Consequently, a more intensive
study is needed of power requirements in making a heavy bite.

CONCLUSIONS, PHASE I

The exploratory tests made in Phase I were too limited to warrant specific conclusions.
Nevertheless, it is believed that there were sufficient data in many cases--particularly
for saw performance—to indicate some definite trends; in other cases the data indicated
a need for much more intensive study.

A lumber producer indicated that the minimum pulpable sawdust chip currently accept-
able to the pulp industry was that produced at a 1/4-inch bite per tooth. Consequently,
certain aspects of the exploratory study were concerned principally with production of
the 1/4-inch chip.

Among findings supported by the data obtained in Phase I of this study are:

1. There apparently is no appreciable difference in saw performance between the 12-
and the 36-tooth saw operating at speeds under 600 revolutions per minute for the same
bite. The saws require tension somewhat different from normal when cutting bites
above 3/16 inch, apparently because of the force of cutting and the high temperature
that develops at the tooth point in cutting the large chip.

2. Sawing thickness variation was greater than an acceptable standard of variation
(± 1/16 inch) when a bite in excess of 3/16 inch was made with saws equipped with 9/32-
inch-kerf teeth and cutting depths were 7 inches or more. When saws were equipped
with 5/16-inch-kerf teeth and cutting 7-inch faces, the sawing thickness variation was
within the acceptable standard (± 1/16 inch) at bites up to 1/4 inch; at a bite of 5/16-inch,
thickness variation was greater than the acceptable standard for the majority of the
boards. At bites of more than 5/16 inch, the saw performance was poor. On depths of
cut below 6 inches and bites in excess of 5/16 inch, sawing variation was close to the
acceptable variation, but the surfaces produced were very rough on the majority of the
boards.

3. It required 14/32 inch of thickness to plane 100 percent of the boards sawed at a
bite of 1/4 inch to a 100 percent skip-free surface; and 12/32 inch if 95 percent of the
boards were 100 percent skip-free (SPIB Standard for A, B, and C Finish grades).
It required 11/32 inch to surface 95 percent of the boards 90 percent skip-free (SPIB
standard for D Finish and No. 1 Common boards), and 9/32 inch to surface 95 percent
of the boards 75 percent skip-free (SPIB standard No. 2 Common boards). Since
normal industry practice is to allow 1/8 inch (4/32 inch) for surfacing,
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this test indicated that the added thickness required when producing the 1/4-inch pulp
chips amounts to 8/32 inch to produce A, B, and C Finish, 7/32 inch to produce D
Finish and No. 1 Common, and 5/32 inch to produce No. 2 Common lumber.

4. The difference in hardness between the summerwood and springwood appears to
have an adverse effect on sawing accuracy at 1/4-inch bite.

5. The effect of gullet loading (capacity) on saw performance appears to vary with a
number of factors, but results so far are inconclusive.

6. When chips produced from 6-inch faces at a bite of 1/4 inch were agitated on a
screen with 3/16-inch holes (industry requirements), 52 percent of the chips remained
on the screen.

7. Data taken on power requirements (stated in terms of the cubic foot of wood re-
moved per minute) indicated a basic figure of 14-1/2 horsepower per cubic foot per
minute for a bite of 1/8 inch and 12 horsepower per cubic foot per minute for a bite of
1/4 inch. A 36-tooth saw equipped with 5/l6-inch-kerf teeth thus can be expected to
require approximately 41 horsepower in sawing a 6-inch face at a bite of 1/4 inch,
using a saw speed of 350 revolutions per minute and a feed rate of 262 feet per minute;
a 7-inch depth of cut would require approximately 48 horsepower.

8. Exploratory data on the 18-tooth saw indicated that its greater thickness would re-
quire a 3/8-inch tooth width to provide adequate side clearance for satisfactory saw
performance.

PHASE II

Selection of Test Conditions

In the selection of the conditions and the variables to be evaluated in Phase II of this
research, the controlled study of pulp chip sawing, many variables were of necessity
eliminated. On the basis of the exploratory work done in Phase I, and the quantity of
logs available, the test variables were limited to the following:

1. Two saws--a 12-tooth and a 36-tooth, of "D" pattern, 7-8 gage, and 48 inches in
diameter (fig. 1). Preliminary testing had indicated that operating problems and re-
sults obtained with the 18-tooth saw would not differ significantly from those obtained
with the 12- and 3E-tooth saws.

2. One saw bit--5/16-inch-kerf width, standard edger pattern. Results of exploratory
work indicated that the sawing accuracy and the character of the lumber surface, as
well as the character of the resulting chip, were not consistently or significantly re-
lated to any of the tooth styles tested. There also seemed to be no significant advan-
tage in using bits with a kerf width greater than 5/16 inch in the 7-8 gage saws when
cutting at feeds up to 1/3 inch per tooth. Bits narrower than this (17/64 and 9/32 inch)
are generally and satisfactorily used with 7-8 gage saws for conventional sawing with
bites of. 1/8 inch or less. To avoid noncomparability of results arising from differ-
ences in kerf width for the control logs and the pulp chip test logs, it was decided to use
only 5/16-inch bits of a standard pattern. Another reason for the choice of bits of
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standard pattern was their general availability to the sawmilling industry, thus
increasing the applicability of the test results to commercial operations

3. Three feed rates--1/8, 1/4, and 1/3 inch per tooth. Information from industry in-
dicated that the minimum bite which would produce a satisfactory pulp chip was approx-
imately 1/4 inch and that a longer chip was preferable. Exploratory study indicated
that the safe operational limit of the saws under test was between bites of 1/4 and 3/8
inch. Different logs seemed to contain factors that influenced the maximum bite that
could be cut safely. It was decided to make the test bites for pulp chip production 1/4
and 1/ 3 inch, and the control 1/8 inch.

4. Two average growth rate groups. There seemed to be a tendency, observed during
the exploratory tests, for the saws to be deflected by the summerwood part of the an-
nual ring when cutting at bites of 1/4 inch or more. As a result, it was anticipated
that the average number of rings per inch could be a factor in both the operational
limits and the sawing accuracy of the saws. It was decided to classify the available
test logs into two equal samples on the basis of average number of rings per inch as a
basis for testing this variable.

5. Half the logs to be sawed butt first, the other half top first. This was done because
of the apparent tendency for the saws to be deflected somewhat by the summerwood
part of the ring. It was felt that the direction in which the saw crossed this ring could
well be a factor in sawing accuracy. The saw could possibly tend to run into the log if
the butt were cut first or run out if the top were cut first, especially if any appreciable
taper was present in the log.

In order to saw one log for each combination of the above variables, 24 logs were re-
quired. This 24-log sample allowed the processing of 12 logs with each saw; 4 logs
with each saw and bite; 2 logs for each saw, bite, and rings-per-inch group; and 1 log
for each combination of all the variables.

To eliminate any differences in saw performance arising from differences in cant thick-
ness, a 7-inch cant was made from each log and only the data obtained in sawing this
cant were considered. The size of the cant was more or less dictated by the log diam-
eters. Since several of the logs were 9- to 10-inches in top diameter inside bark, the
production of test cants more than 7 inches in thickness would have resulted in very
narrow faces and very few saw lines free from wane. Sizing of the cants to a 6-inch
thickness would, of course, have resulted in the production of a still larger number of
saw lines free of wane, but it was felt that the extra inch in cant thickness would tend to
accent any saw-dodging tendencies resulting from overloaded gullets. Further, the
average southern yellow pine logs being sawn in the southeastern United States mills
today tend to produce a high percentage of cants, dimension, or boards in 6- and 8-inch
widths. Thus, the 7-inch cants are fairly representative of conditions in industry.

Preliminary testing had indicated that board thickness was not a factor in saw perform-
ance or in the surface and edge characteristics of the lumber when boards at least
314 inch thick were cut. With thinner boards cut at fast feeds, there appeared to be
more tendency for the saw to run out of the cut. Also, the amount of tear-out along the
bottom edge of the boards increased. To utilize the cants most efficiently,. it was
decided to cut boards on a 72/64-inch total set. This results in a theoretical board
thickness of 52/64, or 13/16, inch (72/64 - 20/64 = 52/64). Because of mechanical
limitations of the mill, setting was such that the final or "dog" board had a theoretical
thickness of 1-1/2 inches.
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All cuts in any given cant were made in rapid succession to make the test conditions as
similar as possible to actual operating conditions. In this way, any tendency for a
heat buildup in the tooth and gullet area as a result of fast feeding would not be unduly
offset by a period of cooling between cuts.

Preparation of Logs 

Logs were transferred from the pond, where they had been stored under water in order
to keep drying and checking to a minimum, to the mill deck. While on the mill deck,
they were kept covered by a heavy canvas at all times during which no actual work on
them was being done. Log numbers were painted on both ends.

An average growth rate for each log was determined from the number of rings and
average diameter at both ends. A numerically equal division into two groups was made
by placing logs with an average of 12.9 or fewer rings per inch in one and those with an
average of 13 or more rings per inch in the other group.

The logs were then rearranged on the deck in such a way that, for each combination of
variables, one would be sawed top first and the other butt first.

Preparation of Equipment and Saws

Since the determination of the relative sawing accuracy of the two saws at each of the
sawing conditions already enumerated was one of the most important considerations,
every effort was made to remove all of the mechanical variables usually present in
sawmills. Setworks, knees, cable for the feedworks, and other parts were adjusted to
reduce or eliminate mechanical inaccuracies. Next, accuracy of setting over the range
of sizes that would be encountered in the tests was checked at the knees by making 50
successive sets of theoretical 72/64-inch increment, each setting measured to the
nearest 64th inch. Results showed 44 settings of 72/64 inch and 6 settings of 71/64
inch. Examination of the mechanical aspects of the setworks indicated that further in-
crease in setting accuracy could not be expected by further adjustment.

The calibrations of the carriage feed rate control quadrant and the electrical tachom-
eter on the saw mandrel were carefully rechecked to insure precise setting of saw and
carriage speeds to yield a specified feed per tooth.

During the preliminary testing, one source of heating at the center of the saw was
traced to the grade of oil in the mandrel bearing adjacent to the saw. A change in grade
of oil rectified this trouble. A slight misalinement of the three mandrel bearings was
corrected to eliminate heat in the saw from this source during the test sawing.

Prelimiaary study of the saws revealed that, when the bites were in the range of 1/4 to
1/3 inch, a much greater amount of heat was generated on the cutting faces of the tooth
than with the more conventional bite of 1/8 inch. If several cuts were made in rapid
succession, this heat was conducted into the rim of the saw, causing a slight lowering
of the saw tension. To counteract this tendency, both saws were retensioned to show
slightly more drop than standard in the area immediately inside the rim when checked
with a straightedge in the customary manner.
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Standard pattern edger bits 5/16 inch in width were carefully installed in both saws and
individually alined with the shank and plate with hammer and anvil. The side clearance
of each tooth was checked with a spider and, if necessary, corrected by hand swaging
and side filing. An electrically driven tooth grinder was used to regrind the faces of
all teeth. The face angle of each tooth was then checked with a machinist' s setup
square to insure that it was at a 90° angle to the plane of the saw.

The back clearance angle and the hook angle of the teeth in the saws as furnished by the
manufacturer varied in the range of ± 1/2°. On the 12-tooth saw the average back
clearance angle was 13-1/2', the average hook angle 37-1/2°. On the 36-tooth saw,
these averages were 14° and 37° respectively. The original 39° included, or cutting,
angle of the teeth was maintained during regrinding.

Procedure

Sawmilling 

In preparing the test cants, the log was placed on the carriage in such a way that one-
half the taper was removed from each of two opposite faces. The pith was approxi-
mately centered on each end. The 7-inch cant was then turned down on its flat face,
securely blocked and dogged to minimize spring,with one-half the taper set out, and the
test sawing begun. Boards were sawn in rapid succession until about half the cant was
cut. It was then turned 180° and sawed down to a 1-1/2-inch dog board. As each board
was cut, it was marked with the log number and a board number indicating its sequence
of removal from the cant. Board and cant sides of the board also were clearly marked.
The term "cant side" denotes the surface produced by the carriage side of the sawtooth
The board side is, of course, the other face of a piece of lumber and is developed on
the opposite side of the saw.

A sawdust sample of about 25 pounds was taken for each combination of saw, bite, and
growth rate. In each case, the sample was taken from the thoroughly mixed total
volume of sawdust produced while sawing the cant. The sample was placed in a plastic
bag, sealed against moisture loss, and stored at 40° F.

The lumber from the test cants was tightly piled to reduce the air spaces between boards
to a minimum. It was then covered with polyethylene sheets to protect the surfaces
from drying.

Measurement of Thickness

Thickness variation of the lumber was determined by measurement of each board at
both top and bottom in each of the following four positions: 2 inches from the front end,
the middle, 2 feet from the back end, and 2 inches from the back end. A sliding
machinist' s caliper was read with a magnifying glass to the nearest 64th inch.

The actual feed in terms of bite for each board was determined at the same time. This
was done by counting on the board face of each piece of lumber the exact number of
tooth marks that occurred in 10 linear inches. The 10-linear-inch section was selected
by eye approximately equidistant from the ends of the board in an area in which the
individual sawtooth marks were plainly visible.
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Surface Planin Allowance Determination

The depth of planing required to produce a dressed surface was determined on the
lumber while green to avoid error from drying distortions. The planing was done on a
30-inch single surfacer to which a dial indicator graduated to 0.001 inch was attached.
The body of the indicator was rigidly mounted on the frame of the machine, and the
indicator spindle rested directly on the movable table to measure changes in height
when adjusting the planing thickness. Figure 3 shows the planer with indicator installed.

Prior to actual planing, 2 inches of the back end of each board were trimmed off on a
radial arm saw to remove the excessively thick ends that frequently result as the board
splits from the cant just before the saw emerges. Failure to remove these thick ends
before planing would result in errors in planing evaluation, as there would be an ex-
cessive removal of stock on the first side planed, necessitating excessive planing on
the second side to dress down to the resulting thin area. This is in line with general
commercial practice in which end trimming is done prior to planing.

In planing on a single surfacer, all of the sawing thickness variations contained in any
given piece and the surface roughness on the top side being planed are removed by
producing a dressed surface on the first side. Only surface roughness is removed in
planing the second side. This is the exact opposite of the ordinary four-head planer in
general commercial usage, in which the first, or bottom, head removes a specified
thickness from the first side, and the second or top head removes the sawing inaccu-
racy plus the surface roughness from the other side. This difference was considered
to have no effect on the results as long as it was recognized in later evaluation compu-
tations.

To determine if the surface roughness of the cant and the board sides of the lumber dif -
fered significantly, those boards having an even number were planed board side first
and those with an odd number cant side first.

Determination of the depth of planing to remove surface roughness on the second side
requires that the second surface be protected during the planing of the first side. This
side, however, would be abnormally subjected to rubbing against the planer bed by the
repeated passes necessary to remove roughness plus thickness variation from the side
planed first. The pressing down or breaking off of partially detached fibers could
affect the apparent planing-depth setting required for removal of surface roughness on
the side planed last. To avoid such potential effects, all boards were placed on a
runner during the planing of both sides.

Planer settings were made at exact 1/32-inch intervals of board thickness, such as
26/32, 27/32, and 28/32. The initial setting for each board was the exact 1/32 inch
next below the maximum thickness. Thus, for a maximum thickness of either 55/64 or
28/32, the initial setting was 27/32 and subsequent settings were 26/32, 25/32, and so
on.

After each pass through the planer, the percentage of the surface that was dressed free
of skips was estimated and recorded. Following each pass, the thickness setting was
reduced 1/32 inch and the board rerun until the surface was 100 percent dressed. The
board was then turned over and the same procedure followed on the second side.

No attempt was made to remove the lower edge tear-out roughness on the corner edges
of the board by planing the wide surface to a depth greater than necessary to produce
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skip-free dressing on the board faces. The removal of this type of defect was deemed
a function of edge planing. Also, if a planing defect or skipped area resulted from log
conditions unrelated to the test variables, such as ring shake or slight doze, it was not
included in the area skipped in dressing.

Edge Planing Allowance Determination

The extent of edge planing required was determined on the board face containing the
bottom edge corner that would require the most planing to produce a square edge the
full length of the board. On this surface, a specially constructed marking gage was
used to draw a line 6-7/8 inches from, and parallel to, the upper edge of the boEad.
(theoretically 1/8 inch in from the lower edge). Typically, this line would fall alter-
nately on planed and chipped-out areas because of the variation in tear-out along the
bottom edge of the board. The lengths of the segments of this line that appeared on the
planed surface of the board were then measured and considered to be the length of the
square edge which would have been produced had the board been edge-planed to the
width indicated by the line.

If the line at 6-7/8 inches did not fall on the planed surface for its full length, a new
line was drawn to indicate 1/8 inch of additional planing and a new determination of the
length of the square edge was made. This was continued until the line fell on the planed
surface for its full length. It was felt that this method would give more accurate re-
sults than passing the boards over a jointer. The controlling surface for the marking
gage was the top edge of the board because it was in much better condition than the
bottom edge, which was in very poor condition on many of the boards cut at a bite of
1/4 and 1/3 inch. The use of the top edge as the control relates the edge planing to the
theoretical set width (cant thickness).

The top edge of the boards was cleaned up in considerably less than the first 1/8-inch
marked line. Since any differences that might have been present in the planing of the
top eges of the boards appeared to be insignificant, the generally accepted southernpine
industry allowance of 1/16 inch was applied to all boards.

Saw Kerf Chip Fractionation

Information available from industry indicated that the majority of saw kerf chips were
being purchased on the basis of retention on a 3/16-inch punched screen. The samples
collected during the test sawing were separated on a Williams oscillating separator.
Approximately 1 quart of kerf chip material was randomly obtained from each of the
thoroughly mixed samples previously collected by the same method described in
Phase I. This was placed on a screen having 3/16-inch holes spaced on 9/16-inch cen-

-ters, and was shaken for a period of 5 minutes. Preliminary checking indicated that
this time interval gives satisfactory separation on samples of this size and character.

Following the shaking period, both fractions (the material remaining on and that pass-
ing through the 3/16-inch screen) were weighed and the percentages computed. Since
all material was in essentially green condition in line with commercial operations, the
percentages obtained represent the proportions of the entire saw kerf which meets the
industry' s reported specifications.
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Moisture Content and 
Specific Gravity Determinations

Moisture content and specific gravity were determined according to standard procedure
on 103 samples taken at least 4 feet from one end of boards developed in sawing.

Data Processing and Results

Sawing

All logs sawn at a bite of. 1/8 inch and 1/4 inch were sawn without difficulty. Consider-
able trouble was experienced in trying to cut lumber at a bite of 1/3 inch. Only one log
was completely sawed at this bite with the 12-tooth saw. The saw ran out so badly as
to be hazardous, and no further attempts to cut at this rate were made with this saw.
With the 36-tooth saw, the results at 1/3-inch bite were slightly better; it was possible
to cut three of the intended four logs. Run-in and run-out of the saw was excessive and
apparently unpredictable. On the fourth log, run-in was so severe that attempts to saw
it at this bite were abandoned.

Surface characteristics of the lumber produced at a 1/8-inch bite were good and similar
to lumber generally seen at better mills. The surface was relatively smooth. Tear
out or splintering along the bottom of the boards at the point where the saw emerges
from the cut was very minor. At a bite of 1/4 inch, the surface was noticeably rough,
with frequent shelling. Tear out along the bottom was in evidence on nearly every
board, and there was some fuzzing around knots. At the 1/3-inch bite, the surface was
always much rougher than at 1/8- or 1/4-inch bites, and sections of wood frequently
were tornout on flat-grain surfaces, the fracture occurring between springwood and
summerwood portions of the annual ring. Bottom tear out became still heavier, and in
some cases resulted in the splitting off of short sections of wood, thus reducing the
board width for part of its length. On those logs having moderate to heavy spiral grain,
the lumber frequently exhibited a very hairy appearance when sawed at 1/4- or 1/3-
inch bite. Figures 4, 5, 6, and 7 show these characteristics.

Figures 4 and 5 show examples of the lumber cut at the different bites with the 36-tooth
saw. The boards shown in figure 4 are representative of those with the better surface
characteristics and figure 5 of those with the poorer surface characteristics.

From the thickness measurements referred to previously, the thickness variation of
each board was calculated. The initial thickness of each board was assumed to be the
first top measurement taken 2 inches back from the front end of the board. From this
measurement the maximum minus variation and the maximum plus variation were
determined. The arithmetic sum of these two, ignoring signs, was considered the
thickness variation of the board.

Table 1 shows in summary form the cumulative percentage of boards by 1/64-inch
thickness variation classes for each combination of bite and saw. It should be noted
that the thickness variation for the 1/4-inch bite was slightly more than double, and for
the 1/3-inch bite was between four and five times as great as, that for the 1/8-inch bite.
The 12-tooth saw appeared to give slightly better accuracy at 1/8- and 1/4-inch bites
but, as mentioned before, did not perform at all well at the 1/3-inch bite. A possible
explanation for this might be that the 12-tooth saw furnished by the manufacturer has
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much less clearance between the shoulder projections and the true cutting path than the
36-tooth saw. However, this back clearance was sufficient to provide a theoretical
clearance of 3132 inch between the shoulder and the wood at a. feed of 1/3-inch per tooth.
Whether or not this is sufficient is not known, but it should be enough to take care of the
slight amount of springback of the wood after the cutting tooth passes.

The figures for 1/8-inch bite give a good indication of the sawing accuracy that can be
obtained at conventional rates of feed on well-maintained circular mill equipment cut
ting southern pine. All lumber cut at this rate of feed, including dog boards, fell with-j
in a maximum combined plus and minus variation of 7/64 inch, with approximately

95 percent within 4/64 inch,

When measuring the boards for thickness variation, initial thickness was found to be
greater than the theoretical thickness of the set, which was the total set of 72/64 inch
minus the tooth width of 20/64 inch, or a theoretical board thickness of 52/64 inch.
For the 1/8-inch bite, the actual average initial thickness of the board measured at the
top 2 inches from the front end was 54.015 sixty-fourths, the 1/4-inch bite was 55.555
sixty-fourths, and the 1/3-inch bite was 56.715 sixty-fourths. Explanation for this is
found in the fact that the tooth, being of swaged pattern, is widest at the leading or cut-
ting edge and becomes progressively narrower farther back from the edge.

Since the chip is cut free at the leading edge of the tooth and sheared fromtheboardand
cant along the sides, its shape somewhat resembles the profile of the tooth as seen
from the front. And, since the only part of the tooth which is the width of the theoret-
ical kerf is the leading edge, the rest of the chip tends to be narrower--just how much
narrower being closely correlated to the bite and the width of the tooth at the point
where the chip is sheared from the adjoining wood. The part of the theoretical kerf
not removed because of the nature of the tooth form remains on the board in the form
of ridges parallel to the path of the saw teeth. The height of these ridges on each face
of the board appears to be approximately one-half the difference between the width of
the tooth at the cutting edge and its width at the narrowest point involved in the shear-

ing of a chip at a given bite.

The part of the theoretical kerf remaining on the board is included when thickness
measurements are made. The jaws of the calipers come to rest on the tops of the
ridges, not in the valleys produced by the leading edge of the tooth.

The fact that more material remains on the board as the bite is increased has two ob-
vious implications. First, the actual recovery of kerf chips is less than might be ex-
pected from the relation of theoretical kerf thickness to lumber thickness. In order to
determine actual kerf volume from theoretical kerf volume, the reduction factors are:
For 1/8-inch bite, 5.04 percent; for 1/4-inch bite, 8.87 percent; and for 1/3-inch bite,
11.79 percent. Second, this loss in kerf appears as an increase in the volume of
shavings. The actual percentage increase in volume of shavings is dependent on thick-
ness variation and surface characteristics. Because less material is generally re
moved by planing than as kerf, the percentage increase would be correspondingly
greater.

The data on thickness variation in relation to the two growth rate groups showed no con-
sistent trends. However, the difference between the average number of rings per inch
for the two groups was small, averaging 13.96 and 11.65 rings per inch.

Sawing the top or the butt end first had no consistent effect upon board thickness varia-
tion.
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During the test sawing, it became evident that saw performance was being adversely
affected by spiral grain. Measurements of spiral grain were thereafter included in the
records but were insufficient for analysis of the effects of spiral grain.

Surface Planing

Three levels of skip-free surface planing--75, 90, and 100 percent--are specified in
the southern pine grading rules for No. 1 dimension and No. 1 and Better boards.
Since the bulk of southern pine lumber falls in these grades, the planing data were
analyzed in terms of thickness allowance necessary to produce stock planed to these
three levels within each combination of variables.

The basic data were estimates of the percentage of skip-free area resulting from suc-
cessive planing cuts 1/32 inch deep. These data were then grouped to show for each
board the number of cuts 1/32 inch deep needed to produce a surface 75, 90, and
100 percent skip free.

Data in this form include the factors of total thickness variation, kerf ridges remain-
ing on the boards, and surface roughness. Since planing allowances related to the
theoretical set line were desired, they were obtained by deducting from the first side
planing figures the sum of the plus thickness variation and one kerf ridge thickness,
and from the second side figures the other kerf ridge thickness.

The resulting figures reflect the dressing allowance that must be added to the theoret-
ical set thickness to produce lumber that will dress to the three specified skip-free'
levels.

Surface roughness alone, as measured by planing depth, was essentially the same for
10both the board and cant sides of the boards.- Had there been a significant difference,

the total allowance for roughness would have to be double the amount required for the
roughest side, since, in practice, a planer operator could not be expected to feed the
least rough side to the fixed lower head on the planer even if it could be identified
readily.

In commercial operation, failure of a certain percentage of the finished product to
meet specifications is expected. The percentage of product complying with the standards
seems to range arbitrarily from a low of perhaps 75 percent at some mills to the
almost unattainable 100 percent at others. With this in mind, curves were prepared to
show total planing allowances required for each of the two test saws at various feed
rates, skip-free levels, and compliance levels. These planing allowances, ranging
from a low of 6/64 to a high of 36/64 inch for both saws, are presented in table 2. The
low value applies to 75 percent compliance and 75 percent skip-free planing at a 1/8-
inch bite, and the high value to 100 percent compliance and 100 percent skip-free
planing at a 1/ .3-inch bite. Increased feed rates and tighter specifications require in-
creased allowances.

10
-In each cant but one, the cant was flipped to place the pith in the dog board. The

board side of each cut was then the side toward the pith, on the concave side of the
rings, and the cant side was on the convex, or bark, side of the rings for nearly all
cuts.
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A Southern Pine Inspection Bureau official indicated that most of the better mills aim
at the 95 percent compliance level. A comparison of the planing allowance figures at
the 95 percent level for both the 12- and the 36-tooth saws indicates that there is no
consistent superiority of one over the other, each having a very slight advantage at
various bite- and skip-free planing combinations.

Edge Planing 

Boards cut at bites of 1/4 and 1/3 inch all exhibit tear out of varying severity along the
bottom edge, as shown in figures 6 and 7. Shallow edge planing of such boards results
in an incompletely squared edge. The degree of raggedness remaining depends upon
the severity of the original tear out and the thickness of the stock planed off.

Under the southern pine grading rules published by the Southern Pine Inspection Bureau,
this defect might be classed as either wane or torn grain. Allowances for wane are much
more liberal than those for torn grain. Correspondence and discussions with SPIB officials

indicate that this defect could and probably would be , classed as wane. They agreed that

some buyer resistance would probably be encountered if any appreciable volume of lumber
contained the maximum amount of this defect allowable under the specifications for wane.

Since the specifications for wane are in terms of a fractional function of the length,
width, and thickness, the amount of planing required to produce lumber meeting the
wane requirement for a particular given size will not necessarily be the same for
another size or grade of sto-k,

To make the edge planing data apply equally well to all sizes and grades of lumber,
three arbitrary square-edge classifications were set up. These are 80, 90, and 100
percent and indicate the percentage of square edge along the poorest corner edge of the
board following a specific edge-planing operation.

Edge planing data were processed as were those for surface planing, except that no ad-
justment to the theoretical set width was needed. As explained in the section on proce-
dure, the planing allowance for the top edge of all boards was set at 1/16 inch.

Table 3 presents for each saw and bite the total edge planing in terms of increments of
1/64 inch at each of the three square-edge levels and each of the six compliance levels.

The total edge planing allowance ranges from a low of 10/64 to a high of 92/64 inch
with the 12-tooth saw, and from 11/64 to 84/64 inch for the 36-tooth saw.

In all but one class in the 3 /4-- and 1/3-inch-bite groups, the planing allowance necessi-
tated by the 12-tooth saw was less than that by the 36-tooth saw, reflecting less bottom
edge tear out with the 12-tooth saw. Since the 12-tooth saw was operated at 450 revo-
lutions per minute and the 36-tooth at 300 revolutions per minute and all other factors
were reasonably alike, a correlation between rim speed of the saw and the bottom edge
tear out is suggested, although the exploratory testing under Phase I did not bring such

a relationship to light.

The edge planing allowances shown in table 2 at bites of 1/4 and 1/3 inch indicate that,
although the total tear out is greater at 1 / 3-inch bite, the depth of tear out may be
greater at the 1/4-inch bite. At the square-edge level of 80 percent, the allowances
are consistently lower for the 1/4-inch bite, but at the 100 percent level they tend to be
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higher. This seems to mean that along the lower edge of the boards cut at 1/4-inch
bite there are short areas where deep tear out has occurred. The cause of this appar-
ent paradox is not known.

Saw Kerf Chip Separation

Results of the kerf chip separation on a 3/16-inch round-hole screen are given in table
4. At a bite of 1/8 inch, 36.05 and 48.60 percent of the chips cut with the 12- and 36-
tooth saws stay on the screen yet only 58.60 and 71.65 percent of the 1/3-inch chips
are retained. This demonstrates that screening cannot classify chips by length alone.
In fact, screening is controlled by the smallest combination of two of the three chip
dimensions (bite or length in the fiber direction, kerf or width, and thickness), hence
the smallest opening a short chip will pass through will be determined by the combina-
tion of length and thickness or length and width. When the chip is long, but thin and
split lengthwise, the combination of reduced width and small thickness may permit
passage through screen openings much smaller than the chip length. When chips are
coherent enough to have a depth greater than the kerf width, the kerf width becomes one
of the two dimensions that control passage through a screen. Thus, kerf width may be
a factor in determining the percentage of the saw kerf chip material which is actually
salvaged for sale at commercial operations. Although no 1/8-inch chips actually meet
the minimum length standards on which kerf chips are now being purchased, it is ap-
parent that, because of width or thickness, they are not easily separated from the
longer chips.

Since chip thickness may be a controlling dimension, the breakup of the sawdust during
formation and removal affects the screening results. Table 4 shows that the 36-tooth
saw produced an appreciably higher percentage of chips retainable on the 3/16-inch
screen than did the 12-tooth saw. Apparently the slower rim speed of the 36-tooth saw
results in thicker particles or less lengthwise splitting, or both.

Specific Gravity and Moisture Content 

The average specific gravity of the 103 samples was 0.5410, very close to the value of
0.54 for longleaf pine (Pinus palustris) given in the Wood Handbook.

i
- Samples ranged

in density from 0.2396 to 0.7253.

The average moisture content, based on ove,ndry weight, was 74. 6 percent. Moisture
content values given in the Wood Handbook 1

-- are 31 percent for heartwood and 106 per-
cent for sapwood.

Economic Evaluation of Kerf Chip Sawing 

From industry' s standpoint, the success or failure of kerf chip sawing as compared to
the conventional method will depend on the net profit obtainable by each method. The
fact that more residue may be utilized in some cases from the kerf chip method will be
of little importance if in so doing the profit potential per unit volume of raw material is
reduced.

11,
'Wood Handbook," U. S. Forest Products Laboratory, Agricultural Handbook No. 72,
1955.
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Ideally, any evaluation of methods should be made in terms of net profit on the investment,
with no appreciable change in mill capacity. Unfortunately, the investment and operat
ing cost data needed for this evaluation are not available. The best alternative is eval-
uation in terms of gross product, since market values of both lumber and kerf chips
are readily available. Evaluation is less complex when based on cants rather than
round logs, and this simplification is permitted by the close relationship between cant
and log volumes.

When no side lumber is cut from logs, lumber recovery tends to vary as the square of
the log diameter and is closely related to the yield from an inscribed square cant whose
sides are 0.707 of the diameter.

As a basis for evaluation, two cant sizes for 1-inch boards and two for 2-inch dimen-
sion were chosen. Many combinations of widths and thicknesses could be produced
from a given log, each with a slightly different gross product value, but a few repre-
sentative sizes can demonstrate the differences adequately. Cants of 6- and 8-inch
thickness, large enough for the production of four 1 by 6' s or six 1 by 8' s in the 1,-inch
board class, and three 2 by 6' s or four 2 by 8' s in the dimension class, may be pro-
duced from logs yielding no side lumber.

For each given combination of variables, the gross product value per square inch of end
area per foot of length was computed. Comparisons are based on these values. This
method avoids the irregularities resulting when a board is added to or lost from a
given log as a result of a change in planing allowance or kerf.

Values per square inch of end area were calculated for two series of cants, one yielding
four 1 by 6' s and the other yielding six 1 by 8' s with the following variables: Bites of
1/8, 1/4, and 1/3 inch; 12- and 36-tooth saws; 5/16-inch kerf; surface planing at 75
percent and 100 percent skip-free levels--95 percent compliance; and edge planing at
80 and 100 percent levels--95 percent compliance.

The value of all the salable fractions of kerf chips, whether produced in sawing the cant
from the log or the boards from the cant, was included in all calculations involving 1/4-
or 1/3-inch bites. For the calculations involving 1/8-inch bite, however, no value was
given to any part of the sawdust, since chips produced at 1/8-inch bite are not commer-
cially acceptable. Dry lumber dimensions were adjusted for a shrinkage of 6 percent.

12	 13A value of $89.00- per thousand board feet (MBF) was used for lumber and $13. 25----
per 5, 000-pound unit for kerf chips.

Calculations were later extended to include two additional series of cants, one yielding
three 2 by 6' s and the other, four 2 by 8' s. Since most dimension sold is graded No. 1,
calculations were limited to one degree of finish--75 percent skip-free surface planing
and 80 percent square-edge planing, both at the 95 percent compliance levels. This

Malcolm and Hallock visited several mills in southeastern United States during
February 1960. All reported their lumber sales averaged $89.00 per MBF at that
time.

A major purchaser of chips, in February 1960, was quoting a price of $16.75 per
5,000-pound unit of slab and edging chips and $15.50 for blended kerf chips and slab
and edging chips. Since the blend is commonly in the range of 65 percent slab and
edging chips and 35 percent kerf chips, the true price of kerf chips is about $13.25
per 5, 000-pound unit.
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approximates the No. 1 Dimension grade specifications closely. In line with present
trends in industry toward the use of saws with 32 to 36 teeth in production of kerf chips,
the calculations for dimension considered only the 36-tooth test saw.

Table 5 presents these values per square inch of cant end area for each combination of
variables, together with gross product values obtainable from a given volume of logs by
each of the three bites. A value of $89.00 per MBF has been assigned to the lumber
produced with each combination of variables at 1/8-inch bite. The figures in the same
horizontal line under the 1/4- and 113-inch bite headings then show the combined value
of the lumber and the saw kerf chips which result from sawing the same volume of logs
at those respective bites. These figures are intended to be used to compare gross
product value for the same combinations of variables only and cannot be compared in a
vertical or diagonal direction.

Comparison between different combinations of variables can only be made by using the
ratio of one to the other as determined from the value per square inch, multiplied by
$89.00. There are 1,431 possible comparisons.

Present industry trends in kerf chip sawing are toward wider kerfs and thicker saws.
To compare gross product value at bites of 1/4 and 1/3 inch and a 3/8-inch kerf with
conventional sawing at a bite of 1/8 inch and a 9/32-inch kerf, a second set of values
per square inch of end cant area is given in table 6 along with comparative gross prod-
uct values.

Tables 5 and 6 indicate that gross product value for 1/8-inch bite always exceeds that
for 1/4- and 1/3-inch bites for like combinations of variables. The decrease in rela-
tive gross product values as the bite increases is less for 2-inch lumber than for 1-inch,
under otherwise similar conditions, since the value of the oversizing allowance saved
by reduction in number of pieces rise.- from zero to its value of $89.00 per MBF as
lumber. This is approximately 5.7 times the value of the same material in kerf chip
form and more than offsets the reduction in kerf chips resulting from the reduction in
number of pieces.

When a volume of logs that would yield 1,000 board feet at a bite of 1/8 inch and 5/16-
inch kerf is sawn at bites of 1/4 or 1/3 inch, the gross product values shown in
table 5 range from a low of $73.12 to a high of $87.51. Similarly, in kerf chip sawing
with a kerf of 3/8 inch, the gross product values in table 6 range from $69.60 to
$84.24, as against the $89.00 for conventional sawing with a kerf of 9/32 inch.

Prediction of Gain or Loss at Any Lumber or Chi. Price

The relationship between the gross product value of kerf chip sawing and conventional
sawing is, of course, closely related to the relative prices of chips and lumber. The
formula shown below illustrates one method of determining the gain or loss to be ex-
pected for any combination of the sawing variables given in table 7 and any desired
market values of kerf chips and lumber. A plus figure indicates a gain and a negative
a loss.

Ac (KwPc + SPmbf)
SAkc

Pmbf = Gain or loss per MBF
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Where, from table 7, Kw is weight of salable kerf fraction 3/16 inch and larger; Ac is
cant area (1/8-inch bite, conventional sawing); Akc is can',; area (1/4- or 1/3-inch bite,
kerf chip sawing); and S is cant lumber scale divided by 1,000. Market factors are:
Pc, price of kerf chips per pound, and Pmbf, average price of 1,000 board feet of
lumber.

The differences between gross product values for any two combinations of sawing and
planing variables are dependent upon the relative prices of chips and lumber. As the
price of lumber decreases or the price of chips increases, the salvage value of the kerf
chips approaches and may exceed the value of the increased oversizing required.

In changing from conventional to kerf chip sawing without a change in product or quality,
the price of either kerf chips or lumber that will result in equal gross product values
can he determined readily from the above formula by making gain or loss equal to zero
and then using either the price of lumber or chips and solving for the other factor. For
example, assume the following:

1. Production of 1 by 6' s
2. 12-tooth saw
3. 75 percent skip-free surface planing
4. 80 percent square-edge planing
5. 1/8-inch bite with 9/32 kerf
6. 1/4-inch bite with 12/32 kerf
7. Average lumber price, $89.00 per MBF
8. Gain or loss = 0

From table 7, Kw is 2.9668, Ac is 29.2646, Akc is 32.6539, and S is 0.002.

Substituting the factors in the formula and solving for Pc, the price of chips at the equal
gross product value point is found to be $0.00694 per pound or $34.75 per 5, 000-pound
unit.

Using the same variables and a chip price of $13.25 per 5,000-pound unit, equivalent
to $0.00265 per pound, the price of lumber at the equal gross product value point is
found to be $33.93.

When, for example, the equal gross product price of kerf chips has been determined, it
is possible to determine the ratio of the present price of the lumber per 1,000 board
feet to the equal gross product price of kerf chips per unit and use this ratio to deter-
mine the equal gross product price for lumber from the present price of chips.

Using the same example given above, the ratio of lumber price, $89.00 per 1,000 board
feet, to the computed equal gross product price of kerf chips, $34.75 per unit, is
89.00/34.75 or 2.56 to 1. Applying this ratio to the price of chips, $13.25, gives an
equal gross product price for lumber of 13.25 X 2.56 or $33.93 per 1,000 board feet.

Comparative Value of Kerf Chips and 

Reductions in Oversize

When the ratio of lumber price to kerf chip price, on weight basis, is 5.7 to 1, as it is
in this case, and when the salable fraction of sawdust is 60 percent, the ratio of lumber
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value to value of the unscreened sawdust becomes 5.7/0.60 = 9.5 to 1. If, then, no
sawdust is salvaged, the loss can be recovered by increasing the lumber yield by
1/9.5 X kerf width. Thus, for a 5/16-inch saw kerf, a reduction in oversize allowance
of 0.0329 inch (1/32-inch full) will compensate for the loss of sawdust, and each addi-
tional 1/32-inch reduction will increase the lumber value by the amount previously re-
ceived for kerf chips.

Gains in lumber footage will result from small reductions in thickness even though the
savings on all boards from a log do not add up to an additional board. The additional
footage occurs in three ways. When a log is of a size that will produce, say, four
boards plus a shim that lacks only 1/8 inch of being a board of full thickness, a gain of
only 1/32 on each of the four full boards will bring the shim up to size. In edging and
trimming, boards that are a trifle shy in width or length must be edged or cut back to
the next smaller size, whereas a slight gain in width or length, due to savings in thick-
ness, may allow the board to make the next wider or longer size class. Furthermore,
any savings from reduction in thickness that do not appear as increased footage will
appear as an increase in slab and edging volume, completely usable in chip form at
$16.75 per unit as compared with $13.25 per unit for the usable portion of the sawdust,
equivalent to $8.61 per unit of unscreened sawdust.

The potential savings in thickness are much greater than the 1/32 inch used in the above
example. Table 2 indicates that, for 95 percent compliance to a 75 percent skip-free
surface, a reduction of oversize from 21/64 at a bite of 1/3 inch to 9/64 at a bite of
1/8 inch is possible when using the 12-tooth saw. This reduction of 12/64 or 3/16 inch
would bring a shim 1/2 inch shy in thickness up to full thickness if the log provided only
three other boards.

CONCLUSIONS, PHASE II

Results of the sawing studies under Phase II of this research indicate that a bite of 1/4
inch can be maintained in all logs without serious saw operational problems. At a. bite
of 1/3 inch, however, a sizable percentage of logs cannot be safely sawed. The 12-
tooth saw was slightly more accurate than the 36-tooth at feeds of 1/4 inch and less.
The reverse appeared to be true at a bite of 1/3 inch.

Maximum thickness variation of the lumber cut at 1/4-inch bite was approximately
double and at 1/3-inch bite four to five times as great as the variation in control cuts at
a 1/8-inch bite. An indication of the accuracy attainable at circular mills cutting south-
ern pine is that 95 percent of the lumber cut at 1/8-inch bite had a thickness variation
of 4/64 inch or less.

The measured thickness of boards increases with the feed rate. The amount of this in-
crease resulting from kerf ridges is approximately 2/64 at 1/8-inch bite, 3.5/64 at
1/4-inch bite, and 4.7/64 at 1/3-inch bite. This results in progressively less kerf vol-
ume and more shavings volume as the feed rate is increased.

There was no apparent relation between the growth rate of the logs and the thickness
variation of the lumber. Neither was any relationship found between thickness varia-
tion and whether sawing was started at the top or the butt of the log.
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Midway through the sawing, spiral grain was recognized as a factor influencing both
saw performance and thickness variation of the lumber. Since data on the degree of
spiral grain in the logs had not been previously recorded, this factor was not evaluated.

The degree of surface roughness was found to be unrelated to cant or board side of the
board.

Combined surface planing allowances for both sides were determined to be related to
feed rate and ranged from 6/64 inch at 75 percent compliance to grading rules and a 75
percent skip-free surface at 1/8-inch bite, to 36164 inch for 100 percent compliance
and a 100 percent skip-free surface at 1/3-inch bite. There appeared to be no signifi
cant difference in surface planing allowance between lumber cut with the 12- or 36-
tooth saw.

Bottom edge tear out, when considered in the aggregate, was also related to feed rate.
The deepest tear out, however, occurred. at I/4-inch bite. Edge planing allowances
ranged from 10/64 inch for 75 percent compliance and 80 percent square edge at a 1/8-
inch bite, to 92/64 inch for 100 percent compliance and 100 percent square edge at a
1/4-inch bite. There was a definite indication that lower saw rim speed increases
bottom edge tear out.

Separation of the kerf chips on a 3/16-inch punched screen showed retentions ranging
from approximately 36 to 49 percent for the 1/8-inch bite, 49 to 58 percent for the
1/4-inch bite, and 59 to 72 percent for the 1/3-inch bite. The relatively high retention
of the chips cut at the I/8-inch bite illustrates the inability of screening to segregate
chips whose length is less than the screen opening. There was a definite indication that
lower rim speeds tended to reduce breakup of the chip during the sawing operation.

Economic evaluation of kerf chip sawing as a whole indicates that the gross product
value of the lumber and the salable kerf fraction under present price structure does
not equal the value of lumber alone when produced under controlled conventional sawing
procedures. Assuming a value of $89.00 for 1,000 board feet of lumber developed
from a given unit of logs under controlled conventional methods, the gross product
value of lumber and kerf chips developed from the same unit of logs ranges from $69.60
to $86.27.

An application of present lumber and chip values to the results of this study shows that
a reduction of 1/32 inch in either kerf width or board oversizing wouldnet approximately
the same value as the salable fraction of the saw kerf.
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Table 1.--Distribution by thickness_ variation of boards cut with
12- and 36-tooth saws at several bites 

Thickness
variation

(sixty-fourths inch): 

Cumulative percentage of boards

1/8-inch bite 1/4-inch bite	 1/3-inch bite
•

12-tooth : 36-tooth : 12-tooth : 36-tooth : 12-tooth : 36-tooth
saw	 :	 saw	 :	 saw	 :	 saw	 :	 saw	 :	 saw

	

1	 :	 25.8	 31.3	 3.7	 3.3

	

2	 74.2	 59.4	 18.5	 20.0

	

3	 :	 90.3	 81.3	 29.6	 33.3

	

4	 : 100.0	 90.7	 37.0	 60.0

	

5	 : • 0. • • • • • • • • :	 93.8	 51.8	 66.7

	

6	 : • • • • • • • • • • :	 96.9	 74.0	 73.4

	

7	 : • • • • • • • • • • :	 100.0	 81.4	 76.7

	

8	 : • • • 4 • • • • • • : • • • • • • • • • • :	 85.1	 76.7

	

9	 : • • • • • • • • • • : • • • • • • • • • • :	 .88.8	 76.7

	

10	 : • • • • • • • • • • : • • • • • • • • • • : • 	 92.5	 80.0

	

11	 : • • • • • • • • • • • • • • • • • • • • • : 	 96.2	 83.3

	

12	 : • • • • • • • • • • : • • • • • • • • • • :	 96.2	 93.3

	

13	 : • • • • • • • • • • : • • • • • • • • • • :	 96.2	 93.3

	

14	 : • • • • • • • • • • : • • • • • • • • • • :	 100.0	 96.6

	

15	 : • • • • • • • • • • : • ll • • • • • • • 9 : • • • • • • • • • :	 100.0

	

16	 :••••••••••:••••••••••:••••••••••:••••••••••:

	

17	 :•••••••••• n ••••••••••:• ..... •••• n •••••••••.:

	

18	 : • * ..... • • • : • • • • • • • • • • : • • • • • 6 • • • • : 0 • • OOOOO • • •

	19	 : 019 • • • • • • II* : • • • • • • • • • • : • • • • • • 0 • • • : • • • • • • • • • • :

	

20	 : • • • • • • • • • • : • • • • • • • • • • : • • • • • • • • • • : • • • • 0 • • • • . :

	

21	 :.•••••••••:••••••••••:•••••••••• n ••••••••••.:

	

22	 : • • • • • • • • • • : • • • • • • • • • • : • • OOOOO . 0 . : 	

	

23	 • • • • • • • • • • • : • • • • • • • • • • : • • • • • • • II • • : o • • 0 • • • • • • :

	24	 :•••••••••• ••••••••••:•• n •••••••:••••••••••:

	

25	 : • • • • • • • • • • : • • • • • • • • • • : • • • • • • • i • • n • • • • • • • • • • .

••••••••••••••••• n ••••••••••:•••••••••• n

: • • • • • • • • • • • • • • • • • • • OO	 OO • • • • 0 • • • • OOOOO • • • • •

: • • • • • • • • • •	 • • 41. • • • • • • • • • • • • • • • 0 • • • • • • • • • • • • •

• • • • • • e • • I. • • • • • • • • o • • • • • • • • • • • • • • • • • • • • • • • • •

26
27
28
29

• • • •

	

12.5	 9.5
	12.5 	 9.5

	

25.0	 14.3

	

50.0	 14.3

	

50.0	 14.3

	

62.5	 28.5

	

62.5	 38.0

	

62.5	 47.5

	

62.5	 52.3

	

62.5	 52.3

	

62.5	 52.3

	

75.0	 57.1

	

75.0	 61.9

	

75.0	 66.7

	

75.0	 76.2

	

75.0	 76.2

	

75.0	 81.0

	

75.0	 85.8

	

75.0	 95.3

	

87.5	 95.3

	

87.5	 95.3

	

87.5	 100.0
87.5
87.5
87.5

100.0
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Table .--Total allowance for planing  both surfaces of boards sawn with
12- and 36-tooth saws at three bites

Bite :Grade require-•
. milt, both
:surfaces skip :
• free 

Planing allowance) sixty-fourths inch)

Cut on 12-tooth saw Cut on 36-tooth saw     

: Percent of boards complying : Percent of boards complying

•

: 75 : 80 : 85 : 90 : 95	 100 : 75 : 80 : 85 : 90	 95 : 100
•• ----------- - :----:----:----:----:----: ----- ----:_---:----:----:----:----

Inch :	 Percent	 :	 •	
•

•

1/8 :	 75
	

6:	 7:	 7:	 8:	 9:	 10 :	 :	 8:	 9:
	

10
1/8 :	 90
	

7 :	 7	 8 : 9 : 10 :	 12 : 7 : 8 : 9 : 10 : 11
	

14
1/8	 100
	

11 : 11 : 12 : 13 : 14 : 16	 10 : 10 : 11 • 12 : 13 : 17

1/4 •
1/4 •
1/4 •

1/3 :
1/3
1/3 :

•

• :	 :	 •.	 •.	 •.	 :	 :	 :	 •	 •

75	 :	 9 : 9 : 10 : 11 : 12 :	 13 : 9 : 10 : 11 : 12 : 13 :	 15
90	 : 10 : 10 : 11 : 12 : 13 :	 15 : 11 : 11 : 13 : 14 : 16 :	 18

100	 : 14 : 15 : 15 : 16	 18 : 20 : 14 : 15 : 17 : 19 : 21 : 24

75	 : 13 : 14 : 16 : 19 : 21 :	 24 : 9: 11 : 12	 15 : 18 : 22
90	 : 15 : 17 : 19	 22 : 24 : 27 : 13	 14	 16 : 18	 22	 26

100	 : 21 : 23 : 26 : 29 : 32	 36 : 18 • 19 : 21 : 23 : 27 : 36

•
• •

'Allowance figures shown are related to the theoretical set thickness and not to
the actual board surface.
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•

Bite :Grade require-:
ment, square

edge-4	 •

Planing allowances (sixty-fourths inch)

Cut on 12-tooth saw	 Cut on 36-tooth saw

Table 3.--Total ' lanin: allowance for both ed es of boards sawn with
12- and 36-tooth saws at three bites_

: Percent of boards complying : Percent of boards complying

: 75 : 80 : 85 : 90 : 95 : 100 : 75 : 80 : 85 : 90 : 95 : 100

Inch :	 Percent	 •
•

1/8 :	 80
1/8 :	 90
1/8 :	 100

1/4 :	 80
1/4 :	 90
1/4 :	 100

1/3 :	 80
1/3 :	 90
1/3 :	 100

•

	

: 10 : 11 : 11 : 12 : 13 :	 15	 11 : 12 : 13 : 14 : 16 : 	 18

	

: 12 : 13 : 14 : 15 : 16 :	 20 : 12 : 13 : 14 : 15 . : 17 :	 20
: 16 : 17 : 19	 21 : 26 :	 42 : 13 : 14 : 15 : 17 : 19 :	 26

	

15 : 16 : 16 : 17 : 19 :	 20 : 19 : 21 : 22 : 25 : 28 :	 33

	

: 18 : 18 : 19 : 21 : 24 :	 28 : 22 : 24 : 25 : 28 : 31 :	 44
: 31 : 34 : 43 : 47 : 63 : 92 : 37 : 40 : 46 : 54 : 67 : 84

• •	 •	 •	 •	 :	 •	 •

	

: 22 : 23 : 24 : 25 : 27 :	 28 : 28 : 30 : 32 : 34 . : 37 :	 40

	

: 25 : 26 : 28 : 29 : 31 .	 32 : 33 : 35 : 39 : 42 : 46 :	 50

	

: 32 : 34 : 37 : 39 : 42 : 	 44 : 50 : 53 : 56 : 60 : 64 :	 68

--Allowance figures shown are related to the theoretical set width and not to the
actual board edge.

2Figures in this column refer to the poorest corner edge of the board.

Table 4.--Saw kerf chip fractionation on
3/16-inch screen-1

Bite	 : Chip retention on 3/16-inch screen

12-tooth saw	 36-tooth saw

Inch
	

Percent 
	

Percent 

1/8
	

36.05
	

48.60

1/4
	

49.25
	

57.85

1/3
	

58.60
	

71.65

''Fractionation was made using Williams Oscillating
Separator fitted with a punched screen having
3/16 round holes spaced on 9/16 centers.
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Table	 - -Values ' er s uare inch of end area of cants and com arative;ros y .roduct
values- of lumber or lumber and Nul chi s roduced with 5/16-inch-kerf
teeth at various bites

5/16-inch kerf

•
	 1/8-inch bite
	 1/4-inch bite	 1/3-inch bite

:Surface: Square: 	
:	 :finish • edge :Value per: Compara-:Value per: Compara-:Value per: Compara-

	

, : square	 tive : square	 tive	 square	 tive

	

: inch	 gross	 inch	 gross	 inch	 gross
: product :	 product :	 product

valued .	 • value3- :	 value./

	:Inches: No. :Percent:Percent: Dollars : Dollars : Dollars : Dollars : Dollars 
	

Dollars 
•

4 :1 by 6: 12	 75	 80 : 0.00596 : 89.00 : 0.00586 	 87.51 : 0.00520	 77.65

75 : 100 :	 .00577: 89.00 : .00529	 81.60 :	 .00502	 77.43
100 :	 80 : .00560: 89.00	 .00545: 86.62	 .00463 . 73.58
100 • 100	 .00542 : 89.00	 .00493 : 80.95	 •00448 : 73.56

	

36 :	 75 :	 80	 .00592 : 89.00	 .00570: 85.69	 .00530: 79.68

75 : 100	 .00587 : 89.00	 .00522 : 79.14 •	 .00500 : 75.81
100	 80	 .00563 : 89.00 : .00519 : 82.04	 .00481 : 76.04

	

: 100	 100	 .00559: 89.00 :	 .00476: 75.79	 .00453 : 72.12

• •	 •	 •

6 :1 by 8: 12 :	 75	 80 :	 .00588: 89.00 :	 .00578 : 87.49	 .00516: 78.10

75 : 100 :	 .00574	 89.00 :	 .00535 : 82.95	 .00502 : 77.84

	

: 100	 80 :	 .00553 . 89.00 :	 .00539 : 86.75	 .00461 : 74.19

	

: 100	 100 : .00540 : 89.00 : .00498 : 82.08	 .00449 : 74.00
•

75	 80	 .00585	 89.00 : .00565 • 85.96 : 	 .00528	 80.33

75	 100 :	 .00582 : 89.00 :	 .00528	 80.74 : •00504 : 77.07

100	 80 : .00557: 89.00 :	 •00515 . 82.29 :	 .00480	 76.70

100	 100 : .00554	 89.00 . .00482 : 77.43 : .00458	 73.58

3 :2 by 6: 36	 75	 80	 .00687: 89.00 : .00665	 86.15	 .00631	 81.75

4 :2 by 8: 36 :	 75	 80 :	 .00686 : 89.00	 .00665 : 86.27	 .00634 : 82.25

•
• 

Board	 Saw	 Planing
yield	 :teeth:	 standards
from
cant   • err           

No.: Size

•

: 36

'Gross product values can be compared directly from this table only in a horizontal line,
which limits comparison within a single set of variables.

2MArket value, 1,000 board feet of lumber; sawdust at this bite considered valueless for
pulp chips.

3-Market value, lumber plus pulp chips.
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Planing	 : 9/32-inch kerf, : 12/32-inch kerf, : 12/32-inch kerg,
standards	 : 1/8-inch bite-: 1/4-inch bitea	: 1/3-inch bite2

Board : Saw :
yield :teeth:
from
cant

•

:Surface: Square:Value per: Compara-:Value per: Compara-:Value per: Compara-
:finish : edge : square :	 tive : square :	 tive : square :	 tive

inch : gross :	 inch : gross :	 inch : gross

	

: product :	 : product :	 : product

	

: value :	 : value :	 : value
	 •

:Inches: No t :Percent:Percent: Dollars : Dollars : Dollars : Dollars : Dollars :▪ Dollars 

4 :1 by 6: 12 :	 75 :	 80 • 0.00608 : 89.00 : 0.00569 : 83.29 : 0.00508 : 74.36
75 : 100 :	 .00589 : 89.00 :	 .00515 : 77.82 :	 .00491 : 74.19

100 :	 80 :	 .00571 : 89.00 :	 .00531 : 82.77 :	 .00455 : 70.92
100 : 100 :	 .00552 : 89.00 :	 .00480 : 77.39 :	 .00439 : 70.78

• •

75 :	 80 :	 .00604 : 89.00	 .00555 : 81.78 :	 .00519 : 76.48
75 : 100 :	 .00599 : 89.00	 .00508 : 75.48 :	 .00489 : 72.66

:	 100 :	 80 :	 .00573 : 89.00 :	 .00507 : 78.75 :	 .00472 : 73.31
:	 100 : 100 :	 .00569 : 89.00 :	 .00465 : 72.73 :	 .00445 : 69.60.

• •

6 :1 by 8: 12	 75 :	 80	 .00601 : 89.00	 .00559 : 82.78 :	 .00502 : 74.34
• :	 75 : 100	 .00586 : 89.00	 .00518 : 78.67 :	 .00489 : 74.27

100 :	 80 : .00564	 89.00 :	 .00523 : 82.53 : .00450 : 71.01
:	 100 : 100 :	 .00551 : 89.00 :	 .00484 : 78.18 : .00438 : 70.75

No.: Size :

: 36	 :

.--Values per square inch of end area of cants and comparative gross product 
values' of lumber or lumber and pulp chips produced at various kerfs 
and bites

Table

•

	: 36 :
	 75	 80 :	 .00598 : 89.00 :	 .00548 : 81.56 :	 .00514 : 76.50

	

:	 75	 100 :	 .00594 : 89.00 :	 .00512 : 76.71 :	 .00491 : 73.57
: 100 :	 80 :	 .00568 : 89.00 •	 .00501 : 78.50 :	 .00469 : 73.49

	

:	 100 : 100 :	 .00565 : 89.00	 .00469: 73.88 :	 .00448 : 70.57
•

	3 :2 by 6: 36 :
	 75 :	 80 :	 .00694 . 89.00 :	 .00656: 84.13 .1 	 .00624: 80.02

	4 :2 by 8: 36 ;
	

75 :	 80 :	 .00692 : 89.00 : .00655: 84.24 : .00626: 80.51
•

'Gross product values can be compared directly from this table only in a horizontal line,
which limits comparison within a single set of variables.

-2Market value, 1,000 board feet of lumber; sawdust at this bite considered valueless for
pulp chips.

3Market value, lumber plus pulp chips.
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Figure 2. --Some saw-tooth forms used for preliminary saw performance tests
in pulpable sawdust study. Top: Standard 9/32-inch-kerf teeth with 37° tooth
angle. Lower left: Original 9/32-inch-kerf, hollow-ground teeth (1/2-inch
radius) with 37° tooth angle, made from standard 9/32-inch-kerf teeth.
Lower right: 5/16-inch-kerf, hollow-ground teeth (1/2-inch radius) with
45° tooth angle, made from standard 5/16-inch teeth. The apparent lack of
symmetry and straightness results from photographic distortion.
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