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NOTICE

This report is an internal Forintek Canada Corp. ("Forintek") document, for release only by 
permission of Forintek. This distribution does not constitute publication. The report is not to be 
copied for, or circulated to, persons or parties other than those agreed to by Forintek. Also, this 
report is not to be cited, in whole or in part, unless prior permission is secured from Forintek.

Neither Forintek, nor its members, nor any other persons acting on its behalf, make any warranty, 
express or implied, or assume any legal responsibility or liability for the completeness of any 
information, apparatus, product or process disclosed, or represent that the use of the disclosed 
information would not infringe upon privately owned rights. Any reference in this report to any 
specific commercial product, process or service by tradename, trademark, manufacturer or 
otherwise does not necessarily constitute or imply its endorsement by Forintek or any of its 
members.
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INTRODUCTION

Improvement of lumber recovery and productivity has become an economic necessity in the sawmilling 
industry today. Lumber recovery can be substantially increased by using "thin kerf" accurate sawing. This 
in turn requires the use of thinner sawblades as well as improved methods for saw stability control.

Forintek’s mandate to improve sawmill productivity and efficiency has resulted in several improvements in 
the past several years. One significant improvement is the introduction of "thin kerf" technology for circular 
sawmills.

Written for the sawmill owner who is considering the implementation of thin-kerf sawing technology, this 
handbook explains the key aspects of thin-kerf technology, from mill alignment and saw selection to 
maintenance and operating procedures. It also discusses the requirements for the successful implementation of 
this technology.
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1.0 ADJUSTING THE THREE BASIC MILL COMPONENTS

The first step in a strategy to move towards thin-kerf sawing is to perform a systematic assessment of the key 
components of the sawmill.

This assessment starts with a close look at the mill foundations. In thin-kerf sawing, the provision of 
immovable support for mill machinery is critical to product quality. Vibration or excessive movement of mill 
machinery during the sawing process results in mismanufactured lumber. The mill’s foundation and bracing 
must provide rigid support for thin-kerf sawing machinery and equipment under all operating conditions likely 
to be encountered. Deficiencies must be corrected before undertaking modifications to machinery and 
equipment.

Cutting accuracy can only be achieved if the carriage is properly aligned and travels on a level track. That is 
why assessment of carriage track levelling and alignment follows assessment of mill foundations.

Once mill foundations and carriage levelling and alignment improvements have been achieved, the next step 
in the assessment of key mill components focuses on the husk and its component parts. Proper levelling and 
alignment of the arbor, the saw and saw guides is essential for safe, trouble-free saw operation and sawing 
accuracy.

At the end of this chapter, the reader will understand the key concepts of mill adjustment for thin-kerf sawing 
and the rationale for the steps in the requisite assessment process prior to any investment decisions.

1.1 Mill Foundations

Careful planning in the early stages of a mill’s layout or appropriate corrective measures before the 
implementation of thin-kerf sawing equipment can eliminate the needs for makeshift and potentially costly 
modifications at a later date.

After making sure that mill foundations, track levelling and alignment have been modified to ensure 
maximum support, steps should be taken to ensure that husk foundations are not connected to the track 
structure or to any other part of the mill. This will eliminate unwanted vibrations likely to affect saw 
performance and efficiency.

Mill efficiency and productivity is not simply tied to machinery. Operators must also be able to work as 
efficiently as possible. To this end, machinery should be installed at a conformable working height.

Ample room for waste conveyors and chains should be planned before proceeding with modifications to the 
mill’s foundation and bracing.

In this connection, the concentration of weight and the operation (movement) of the equipment must be 
considered to properly determine the bracing requirements. Bracing must be sufficient to provide rigid 
support for machinery and equipment under all the operating conditions that are likely to be encountered.

1.2 Track Levelling and Alignment

What follows is a step-by-step procedure for checking mill alignment. It has been tested and refined by 
Forintek sawmilling specialists over the past few years.
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The purpose of the track and carriage assembly in a sawmill is to transport the log in a straight line past the 
saw. If a mill is properly aligned, the dimensions of lumber produced at the headrig will be uniform across 
the piece, at both ends and in the middle. In a properly aligned sawmill, head blocks and knees are square 
and the knees are in line with the rest of the mill when checked for alignment.

Tracks usually come in three sections. Any misalignment of these sections will jolt the carriage when the 
wheels hit the joint. Checking out the rest of the track requires further investigations. Is the track loose? 
Bolts and nuts can loosen up from the vibration which occurs in all mills.

Most mills are equipped with a flat track and a V-track for carriage support and guidance. Locating the V- 
track away from the saw reduces the accumulation of sawdust and bark onto the track and the potential for 
derailment. This also reduces the potential for derailment due to the action of the log turner.

Tracks should be laid so that the end of the head block base will clear the saw collar by about 1/2 inch. The 
top of the V and the flat tracks are not always level with each other because of the machining of the tracks or 
the wheels. Any differences should be noted before levelling the V-track. The tracks must be levelled, both 
lengthways and crossways, using wedges or shims where necessary.

Both the guide track and the flat track should be perfectly straight, parallel and level over their entire length. 
If this can be achieved, the mill will run well and the carriage wheels, the tracks and the bearings will last a 
long time.

Of the three sections of track, the log end is the area that really takes a beating. Loading and turning logs 
put considerable strain on a carriage and the tracks. Tracks are almost always pushed away from the log 
turner over time. A bumper or any other device that will relieve some of the load exerted by the turner is a 
big help in keeping the tracks straight.

1.2.1 Tools and Materials

It will not be possible to obtain accurate results unless precision tools are used to adjust and align the 
sawmill.(1)

Carpentry tools are fine for working with wood made by machines, but not for fixing machines that cut 
wood. A carpenter’s level or square is not accurate enough for setting up precision machines.

Machinist’s level

A machinist’s level, for example, is not only more accurate than a carpenter’s level, but the vial holding the 
levelling bubble is calibrated so you can measure by how much a track, a head block or a saw arbor is off 
level.

One graduation on a common machinist’s level is the equivalent of 0.005 inch in one foot. In other words, if 
the track is four feet wide, a 0.020 inch shim will be required to level the carriage for each graduation on the 
machinist’s level.
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Piano wire

The use of a "string" to adjust the tracks to a straight line is not recommended. Common string is quite fuzzy 
and hard to measure. Additionally, it is too weak to pull really tight. The use of a 40 to 60 lb test fishing line 
or, better yet, a piano wire pulled tight by turnbuckles is recommended.

Guide block

A good method for straightening a V-track is to machine a steel "guide block" approximately ten inches long, 
five inches wide and four inches thick.

Use a piece of the V-track as a model to machine a groove in one side of the block.

Drill two holes in the center of the block, one for the measuring rod and a tapped hole for the wing nut 
(figure 1).

GUIDE BLOCK 
QTY.: 1

MEASURING ROD 
QTY.: 1

STEEL PLATE 
QTY.: 2

EYE BOLT 
QTY.: 2

Figure 1. Tools and Materials
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Other Tools and Materials

Weld two pieces of key stock (approx. 12" long x 1" square) three inches apart at each end of the V-track. 
The center between each piece of key stock should be about 5 inches from the centerline of the V-track.

Use two steel plates, approximately eight inches long by three inches wide, 1/4 inch thick for eye bolts 
(figure 2).

1.2.2 Guide Track Levelling

The V-track is the first piece of the sawmill’s equipment to be aligned. Its long length makes it easier to 
triangulate for subsequent alignment of the husk.

At this point, track straightness is not the primary consideration. The first objective is to level the V-track 
perfectly. The use of shims will most likely be required. In all cases, a machinist’s level should be used.

1.2.3 Guide Track Alignment

The recommended method for straightening the V-track is as follows: (figure 2).

1) Use a piano wire long enough to cover the full length of the V-track. Tie each end of the piano wire to 
eye bolts, approx. 6" long. Insert each bolt in the 8" plates on the key stock bars at each end of the V- 
track. Stretch the piano wire, using a nut at the end of each bolt.

2) Once the piano wire is taut over the track, set one end of the wire at precisely 5" from the centerline of 
the track. Repeat the procedure at the other end of the track.

3) Install the "guide block" at one end of the V-track and adjust the measuring rod so that it barely touches 
the piano wire. Lock the bent measuring rod in place with a wing nut. Repeat the procedure at the other 
end of the track. The measuring rod setting must be exactly the same at both ends of the track.

4) Run the "guide block" along the V-track and adjust the track so that the piano wire barely makes contact 
with the measuring rod from one end to the other.

1.2.4 Flat Track Levelling

Although the flat track is not as critical to mill performance as the V-track, it must be as level as the V-track 
to ensure a level carriage, which is a prerequisite for sawing accuracy.

Like the time and money spent to make the "guide block", the time invested in making a proper jig to level 
the flat track with respect to the V-track will pay for itself many times over. Once made, it will last for all 
time for this particular track set.

Use a straight plate about 4" wide x 1" thick (preferably machined on the top and bottom faces) long enough 
to extend about 2" beyond each track. With the jig at one end of the track, place your machinist’s level on 
the surface of the jig centre between the two tracks. Slowly slide the jig along the track while observing the 
bubble in the level. Wherever the bubble leaves the center lines, mark the spot on the track and mark the 
spot where the bubble returns to the center position. This will mark the length of the flat track that is not 
level with respect to the V-track. When the bubble moves towards the V-track, it indicates that the flat track 
is too low. Level the flat track by inserting shims under the track.
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KEY STOCK

Figure 2. Guide Track Alignment
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So far, we have focused on levelling one track with respect to the other. It is quite possible, however, for the 
whole track assembly to have hills and valleys. This is not too serious unless the difference in the depth of 
the valleys is significant. The optimal situation would be to have a very small even slope from one end of the 
track assembly to the other to ensure good carriage wheel traction from one end of the track to the other. 
Excessive depth of troughs between peaks and valleys will cause the carriage to rest on the high spot with 
inadequate support at the ends. This will place undue strain on the carriage frame and tend to weaken it over 
time. It is therefore important to correct significant high spots.

1.3 The Husk

1.3.1 Husk Levelling

The husk should be level in all directions and all bolts tight. If possible, keystock stops should be welded to 
the supporting steel structure, to lock the husk in place.

The saddle bearing next to the saw should be mounted as close as possible to the stationary collar, to 
minimize arbor deflection and vibration. This ensures maximum arbor stability by decreasing the leverage 
force exerted on the front bearing. Similarly, the pulley that transmits the power to the arbor should be 
mounted as close as possible to the husk. If the pulley must be mounted more than two feet away from the 
husk, an additional bearing should be installed.

1.3.2 Saw Arbor Alignment

When the carriage tracks are level and straight, the saw arbor must be adjusted to produce the correct lead for 
optimal sawing accuracy. Lead refers to the slight offset in the parallelism of the saw blade with respect to 
the guide track, which results in slight offset of the saw with respect to the plane of the carriage travel. The 
lead in the case of a thin-kerf circular headsaw will counteract the natural tendency for the blade to run out of 
the log, especially when cutting slabs. The correct amount of lead will also provide the clearance to prevent 
the back of the saw from "heeling" (make contact) with the cant while sawing.

Thin-kerf saws should run with as little lead as possible. In general, less lead is required for fast feeds and 
for hard, close-grained wood and frozen wood.

The lead should not be forced into the saw by sharpening the teeth with a high side or by adjusting the guide 
plugs to one side. When the lead is forced in this way, the saw is placed under strain and will cause the blade 
to heat. This will result in erratic operation and mismanufactured lumber.

The correct amount of lead is usually obtained by trial and error and is not necessarily the same for every 
mill or every saw; it often has to be adjusted several times before the saw will perform satisfactorily. The 
lead is normally put into the saw by adjusting the set screws on the saddle of one or both arbor bearings. 
These set screws are secured with a lock nut that must be loosened prior to making the lead adjustments 
(Figures 3 and 4).
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SAW ARBOR

Figure 3. Saw Arbor Alignment - Top View

7 of 43



SAW BLADE

Figure 5. Saw Collar Design

8 of 43



STEP 1 Adjust the arbor so that it is perfectly level. Use a machinist’s level for this purpose.

STEP 2 Use new or perfectly refaced collars (figure 5). Adjust the stationary collar so that it is at
90 degrees with respect to the saw arbor. Use a precision dial indicator to adjust the 
collar to ± 0.000 inch oscillation at 360 degrees.

STEP 3 Completely free the set screws on the middle bearing (if present) and remove all belt
tension from the belt drive arrangement.

STEP 4 Get a perfectly straight piece of 1 x 1/4-inch key stock the length of which is 1/2 the
diameter of the saw used, plus 1/2 the diameter of the collars, plus one inch. Insert the 
key stock between the saw collars so that one end is extended to the outside diameter of 
the saw. Tighten the nut (collars) with moderate pressure to hold the key stock in place 
during rotation.

STEP 5 Rotate the piece of key stock to the horizontal position on the infeed side.

STEP 6 Bring up the carriage so that the first head block is directly in line with the end of the key
stock. Measure the exact distance from the key stock to a fixed point on the head block.

Note: Use a scriber to mark the fixed point on the head block.

STEP 7 Rotate the key stock 180 degrees and move the carriage to bring the first head block
opposite the end of the key stock at the outfeed position.

STEP 8 Repeat Step 6, using the same fixed point on the head block. Adjust the saw arbor so that
the space between the end of the key stock and the fixed point on the head block is 1/32 
inch (0.031 in.) wider than the front measurement (figure 6).

STEP 9 Adjust the lead by shifting the arbor with the set screws on either bearing. If three (3)
bearings are used, do not attempt to set the lead with the middle bearing. Once the lead 
has been correctly set, close up the set screws carefully on the middle bearing. Shaft 
distortion will result if one side is tighter than the other.

STEP 10 Make a final check of the saw arbor level using a machinist’s level.

This procedure helps to avoid forcing the arbor off-centre and placing it under strain. Tighten the lock nuts 
after setting the lead. Avoid over-tightening the lock nuts. Over-tightening can change the lead adjustment and 
crack the bearing saddle. Once the lock nuts have been tightened, apply normal belt tension to the belt drive 
system and check the lead once more. If the application of the belt tension has altered the lead adjustment, 
reset to the desired measurement.

If only two (2) bearings are used, the belt tension is almost certain to affect the lead adjustment. Therefore, it 
is necessary to relieve the belt tension while adjusting the lead. Be sure to reset the belt tension before 
making the final verification with respect to the amount of lead.

Note: As previously noted, the amount of lead may have to be altered, depending on the reaction better saw
with less residual stress in the saw plate.
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HEAD BLOCK 
POSITION #1

HEAD BLOCK 
POSITION #2

Figure 6. Saw Lead Adjustment
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2.0 THE CARRIAGE

Thin-kerf sawing carriages must be strong enough to withstand high accelerations and the expected shock 
loads(15).

Head blocks should be fabricated from steel plate and rigidly braced. They should have accurately machined 
front and bottom faces. For smooth slippage and stability on the head blocks, the use of replaceable steel 
wear-strips mounted on the front faces and large wear resistant bronze pads mounted at the base of the head 
blocks is recommended. These can be adjusted from time to time to compensate for knee wear and to make 
maintenance procedures.

The carriage must be equipped with a sufficient number of head block assemblies to adequately support and 
hold the logs in place. The following numbers of head blocks are recommended (for softwood logs):

a) 3 head blocks for logs up to 12 feet;
b) 4 head blocks for logs up to 16 feet;
c) the same number of head blocks for logs 16 inches in diameter and over.

Most inaccuracies in sawing hardwoods are the result of having installed carriages with only two head blocks. 
Sawmill owners are strongly advised to install 4 head blocks so that logs 10 feet and longer will be dogged in 
at least three places.

The knee opening on a head block assembly can vary from 24 inches on a small, light duty carriage to more 
than 60 inches on larger, heavy duty models. A 34-inch opening, however, can accommodate logs up to 
about 30 inches in diameter.

Taper adjustments are recommended to manufacture full length lumber from high grade, tapered logs. The 
taper adjustments vary from 0 to approximately 4 to 5 inches.

The size and the number of wheels should be sufficient to carry the expected loads. Three sets of wheels are 
adequate for a small, light duty carriage; four sets on medium size carriages; and 5 or 6 sets of wheels on 
heavy duty carriages. Under normal circumstances, wheels are machined from alloy steel and vary in 
diameter from 10 to 18 inches. Tapered roller bearings are highly recommended for these wheels.

Most carriages are equipped with fixed axles with independent rotation. This arrangement eliminates slippage 
between the wheels and the tracks caused by different track design. It also eliminates uneven wear. Guide- 
track wheels should be accurately machined to fit the bevel of the guide track and should not ride on the flat 
surface of the guide track. This eliminates side-play and ensures that the carriage travel in line with track 
alignment.

2.1 Head Block and Knee Assembly

1) The head blocks must remain level. Periodically check the head blocks with a precision level(15).

2) Check knee alignment by stretching a piano wire across the knee faces. Adjust knees to achieve an 
accurate alignment.

3) To check the knees for possible backlash, grip the upright and apply a quick forward and backward 
motion parallel to the base of the knee. A movement of more than 1/32-inch indicates the need for 
adjustment. Check all bearings for wear and be sure that all bearings and mounts are tight.

11 of 43



4) The face of the knees must be at 90 degrees with respect to the head block base. Use a precision square 
to make this verification. Excessive wear on either the knee face or the head block bearing surface can 
alter this angle. If the carriage is equipped with replaceable wear plates, reverse or replace them as the 
need may be. Wear plates have a tendency to work loose and should be checked periodically. On older 
carriages not equipped with wear plates, worn knee and head-block bearing faces should be rebuilt, 
remachined, or replaced.

2.2 Trucks

If end play is detected, tighten the collars on the guide-wheel axles. Make sure that every bearing and 
bearing mounts are tight.

The guide track and the guide wheels must be inspected periodically for excessive wear. The flanges of the 
wheels should ride on the bevelled sides of the track. There should be a minimum clearance of 1/64 inch 
between the top of the track and the bottom of the "V" wheel. In the absence of this degree of clearance, the 
carriage wheels will "float" on the guide track and sawing inaccuracies will result.

Track cleaners must be checked regularly to ensure they are in good condition. Gum and resin deposits on 
the tracks should be removed to prevent carriage jumping.

2.3 Setworks

Setworks maintenance is very important, specially where conventional equipment is concerned.
When compared to the more expensive "precision carriage" equipped with ball-screw and digital setworks®, 
conventional system setworks have about eleven wear points at which slack can develop, whereas precision 
carriage drives have only two (figure 7).

Slack in conventional setworks is caused by wear on the ratchet-wheel teeth, pawls, and pawl wheel carrier 
pin; by end play in the keys and the key-way of the ratchet wheels and set shaft. Slack will result in 
inaccurate settings. Slack in the roller chains on carriages so equipped leads to the same result.
Consequently, excessively worn ratchet wheels, pawls, pawl-wheel carrier pins, keys, etc... must be replaced. 
Working parts must fit tight, operate smoothly, and be lubricated regularly.

Recent equipment design innovations have virtually eliminated the wear that causes slack, the variable time
acting parts causing large deviations in sawing accuracy, and the mental calculations and guess-work required 
by the operator in evaluating the back stand available and in setting up a run that will make the best use of it. 
The cost-benefit of such equipment warrants close consideration.

Precision carriage drive chain (top) compared to conventional carriage drive chain (bottom). Note that the 
precision carriage drive has only two places at which slack from wear can develop, while the conventional 
carriage drive has eleven such places (Steadman 1974).®

2.4 Carriage Alignment

When aligning the carriage, it is important to make sure that every guide wheel is properly aligned with 
respect to the guide track®. The following simple procedure is proposed to achieve proper alignment:
a) Loosen the axle mounting bolts and the adjusting screws on the trucks that need adjusting;
b) Run the carriage back and forth a few times;
c) The wheel should now have centered itself;
d) Tighten all bolts.

12 of 43



PRECISION SPIRAL 
BEVEL GEARS

* POTENTIAL WEAR/SLACK 
AND INACCURACY

Figure 7. Potential Wear/Slack of Setwork Configurations
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Carriage knees are checked next. Run the knees back and forth a few times and activate the tapers. Make 
sure that the taper cylinders contain no water from the air system; the presence of water will affect the 
accuracy of the alignment.

a) Run the knees forward as far as they will go;
b) Use the same piece of key stock between the saw collars that was described with respect to figure 6 and 

rotate the bar to a vertical position;
c) Measure the distance between the surface of the bar to the face of the knee, using inside calipers;
d) Measure the distance between every other knee and the bar (held at the vertical position);
e) If any variations are detected, adjust the knees by adding or removing the shims at the rear of the knee.

Here is a practical method to make a final check of the levelling of the tracks. Firs, load a large log on the 
carriage; with a machinist’s level mounted crosswise on the carriage, run the carriage slowly down the track; 
be especially careful to note any movement of the bubble in the vicinity of the husk.

Please refer to Appendix I to consult the checklist for periodic maintenance.

3.0 SAWS AND SAW TECHNOLOGY CONCEPTS

This chapter focuses on basic concepts of saws and saw technology concepts. This review is intended to help 
sawmill owners to better appreciate the potential of thin-kerf sawing and the requirements for successful 
application of developments in this area.

The chapter begins with a review of basic concepts. It then introduces the patented Forintek saw guide and 
concludes with a review of saw tensioning and levelling concepts.

Please refer to Appendices II, III, IV and V for information on special calculations and a troubleshooting 
guide.

3.1 Basic Concepts

3.1.1 Standard Vs. Thin Kerf Saws

The following is a brief comparison between the standard "inserted teeth saws" and the proposed "thin kerf" 
circular headsaws:

Inserted teeth saws

1 - It is a general practice to adapt the sawmill to the
saw specifications. Because this type of saw 
worked best in other mills....

2 - The recommended RPM for a 44" saw is 694 RPM
for a rim speed of 8000 SFPM. The limiting
factors are the weight of the saw and high rim
speeds which can cause an excessive expansion at
the saw’s periphery where the teeth and the shanks
will separate from the saws.

Thin Kerf Saws

1 - Forintek research can provide the technology to
determine the type of saws that are needed for each 
specific operation.

2 - The recommended speed for a 44" thin kerf saw is
1050 RPM or a rim speed of 12095 SFPM. The 
limiting factor in this case is controlled by the 
critical speeds'2 * * * * 7* for this type of saw. Faster speeds 
increase saw stability, allow faster feed speeds and 
substantially improve sawing accuracy.
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3 - The standard specifications for a 44" saw diameter 
with inserted teeth are as follows: taper-ground to a 
thickness of 6 to 7 gauge or 0.203” at the center of 
the saw and 0.180" at the rim, with a minimum 
kerf of 0.300".

3 - The specifications for a 44" thin kerf saw can vary 
from a uniform thickness (flat ground) saw blade 
with a maximum thickness of 0.150" with a 0.200" 
kerf for hardwoods to as light a thickness as 0.130" 
with a 0.180" kerf for softwoods.

4 - Sharpening of inserted teeth is done with a
"Jockey"* grinder when the saws are still mounted 
on the machine. Saw maintenance, levelling and 
tensionine is done on an average of once or twice a 
year which results in average combined sawing 
variations of 0.044" to 0.103" on sawn lumber.

4 - Sharpening of the carbide teeth is done in the filing 
room on a semi-automatic saw sharpener at the end 
of each shift. The same procedure applies to the 
levelling and the tensioning of each saw. The 
average combined sawing variation rarely exceeds 
0.023" to 0.039".

* A "jockey" grinder is a portable grinder which is 
known in the sawfiling trade, to result in very poor 
sharpening of any type of saw teeth. As a result, most 
teeth are burnt and feed unevenly, which usually results 
in increasing the sawing variations.

Example: Tension a 44" saw to 1000 RPM
"tight to gauge" use a stretcher roll as 
much as possible to remove lumps and 
dishes. The tire line should be light 
and located at 1 1/4" under the 
gullets.

5 - Average energy consumption 5 - Average energy consumption

A 44" diameter saw with 40 teeth takes an average 
tooth bite of 0.125" in a 12" cut. The gullet load 
is as high as 96 % of its capacity and requires 
136 h.p. to operate effectively.

For a 44” diameter saw with 44 teeth. The 
tooth bite will not exceed 0.031" in a 12" cut 
so the gullet load can be limited to 46 % of 
their capacity. The energy requirements are 
reduced by 25% to 102 h.p.<2).

6 - Average cost per saw: 6 - Average cost per saw:

a) a 44" dia. saw with 40 teeth 
(teeth and shanks, not include)
$ 1,450.00

b) cost per tooth: $1.25 x 40 teeth =  $ 50.00
c) cost per shank: $9.50 x 40 shanks =  $380.00
d) saw teeth and shanks have to be

a) a 44" dia. saw, with 44 teeth 
(carbide teeth, not included)
$ 385.00

b) cost per carbide tips - $0.90 x 44 = $39.60
c) carbide tips have to be replaced twice yearly

$39.60 x 2 =  $79.20
replaced an average of twice annually

teeth - $50 x 2 =  $100.00 
shanks - $380 x 2 =  $760.00

$79.20 x 2.5 years* =  $198.00

$100 + $760 x 2.5 years* =  $2,150

Total life time cost per saw:
$2,150 + $1,450 =  $3,600

Total life time cost per saw: $583.00 
or 83.8% less than the inserted teeth saws

* Note - the average life for both type of saws is approximately 2 to 3 years
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Generally, these saws are guided with a "U" shape 
arrangement that is mounted just under the log line on 
the infeed side of the saws.

7 - The saw guides

Two wooden saw guides of approximately 1" in 
diameter are fitted in sleeves and held in place by a set 
screw.

The major problem with these systems is that they do 
not have 10% of the strength and the stability that is 
needed to withstand the lateral movements of these 
heavy saws.

The result is that the guides are pushed away from the 
saws after the first cut by as much as a 1/4". This 
frees the saws to wander in their cuts and produce an 
average combined sawing variation of 0.044" to 0.103".

Forintek’s Eastern Division saw guide designed for 
"thin kerf" circular headsaws was developed for its 
efficiency and the ease with which it can adapted to 
small and medium size sawmills.

The heavy duty design of the guide assembly consists of 
a stationary and a moveable guide holder, locked onto 
an adjustable base to firmly hold the saw in place.

Three (3) sets of 2 1/2" diameter adjustable guide pads 
made of E-Z glide material guide the saw. Two (2) 
sets of guide pads are mounted vertically at a distance 
of 1/4" under the gullet line while a third set is 
mounted horizontally, just under the lumber line. The 
shanks on the six guide pads are locked in two threaded 
sleeves to allow precision adjustments of five 
thousandth of an inch (0.005") on each side of the saw. 
This can reduce vibrations by as much as 70%. Each 
guide pad is machined to allow a coolant mixture of oil, 
water and compressed air to reach the saw from the 
center of each pad. Average combined sawing 
variations are between 0.023" to 0.039".

7 - The saw guides

The selection of a thin kerf large diameter circular headsaw should be based primarily on the hardest species 
to saw and on the largest diameter sawlog used.

The diameter of the headsaw must be the minimum size that will permit sawing the largest diameter log. An 
oversize saw costs more to purchase, to maintain and to repair. Additionally, an oversize saw is far more 
delicate to tension, to adjust and to operate. It will also affect cutting quality and accuracy.

The following factors should be taken into consideration when selecting saws:

- saw diameter;
- thickness and saw kerf;
- number of teeth.

3.1.2 Saw Diameter

It is necessary to determine the sawing limits of saws of various diameters and to make sure the logs above 
this limit are kept out of the mill. The following chart shows the recommended saw diameters for various log 
sizes. If a saw diameter larger than 48" is needed, a top saw is recommended rather than using a larger 
diameter headsaw.
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Chart 1: Recommended Saw Diameter in Relation to Maximum Log Diameter(15)

Saw Dia. Max. Log Saw Collar
Dia. Dia.

(in.) (in.) (in.)

40 16 8

44 18 8

48 20 8

3.1.3 Saw Thickness, Kerf and Rotational Speeds

Forintek mil studies have shown how to minimize kerf losses and sawing variation by using thinner saw 
blades and controlling saw stability. Success in this area requires proper design of sawing machinery, correct 
specifications with respect to sawblades and the sawing process, and efficient maintenance.

Chart 2: Recommended saw thickness and kerf in relation to diameter and rotational speeds<7)

Saw Dia. 
(in.)

Saw
Thickness

(in.)

Saw Kerf
(in.)

Saw Arbor
(RPM)

Rim Speed
(sfpm)

min. max. min. max. min. max.

40 .140 .180 .190 1098 1155 11500 12095
44 .150 .190 .200 998 1050 11500 12095
48 .160 .200 .210 875 915 11000 11500

3.1.4 Number o f Teeth

The number of teeth is the most important factor in the selection of a thin-kerf headsaw. It is a key element 
in the equation to determine the correct gullet loading, which is directly related to depth of cut. As log 
diameter increases, it is necessary to increase the gullet capacity (gullet area) to contain most of the sawdust 
resulting from the sawing process. For small-diameter logs, however, the gullet capacity must be reduced 
and the number of teeth increased, not only to contain the sawdust and carry it out of the cut, but also to 
produce smoother cuts and to allow a substantial increase in feed speed.

However, a large number of sawing problems are related to incorrect feeding practices (i.e. over-feeding or 
underfeeding the saw(4)). This is particularly critical when using "thin-kerf1 saws which are highly responsive 
to incorrect feeding. It must be acknowledged that "thin-kerf saws require reduced feed speeds because 
thinner saw blades have smaller gullets and there has to be a compromise between feed speed (i.e. 
production, sawing accuracy and yield).

17 of 43



Chart 3: Number of teeth and gullet depth in relation to saw diameter:

Saw Diameter
(in.)

Number of Teeth Tooth Pitch
(in.)

Gullet Dept
(in.)

40 42 2.992 1-1/8
44 44 3.141 1-3/16
48 56 3.278 1-1/4

3.1.5 Tooth Profile

Figure 8. Tooth Profile

Tooth pitch, or tooth spacing (figure 8), is the distance from tooth point to tooth point. Pitch is increased for 
larger diameters as, higher saw speeds and deeper cuts to provide for greater gullet capacity. Less power is 
required than for a close pitch. If pitch is too great, the teeth will dull sooner because each tooth does more 
work when cutting a given linear footage of lumber. Close pitch results in a smoother sawn surface but 
increases power consumption.
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3.1.6 Tooth Geometry Terminology

TOP VIEW

RADIAL
CLEARANCE

ANGLE

FRONT VIEW

BACK

Figure 9. Tooth Geometry Terminology

3.1.7 Hook Angle

The hook angle has a major influence on the pressures that are applied to the saw teeth and the sawing 
accuracy. It is therefore recommended to use a 30° to 33° hook angle for softwoods species and 26° to 28° 
maximum for hardwoods.

Hook angle is of primary importance since it has a major effect on how well the saw cuts and on machine 
productivity. In deciding on the most appropriate hook angle, the following factors must be taken into 
consideration: the type of wood to cut, the rate the wood is fed to the saw, the speed at which the blade 
attacks the wood and the slope and type of tooth being used.
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If the hook angle is insufficient, the chips will not be chiselled out of the wood and the blade will be pushed 
back by the feeding pressure. If the hook angle is too great for the feed rate, the saw will be pulled forward 
into the wood. If the feed speed is too slow in relation to the hook, the blade will tend to rub the surface of 
the wood rather than cut it. This will result in premature dulling of the carbide tips, particularly in abrasive 
wood. Up to a certain point, a smaller hook will result in a smoother surface. This happens with a hook 
angle ranging between 20° and 30°. At less than 30°, the hook, becomes thinner and weaker. At more than 
40°, power consumption increases. A hook angle of 30° therefore provides maximum cutting efficiency with 
minimum power consumption.

The sharpness angle determines tooth strength and stiffness. The sharpness angle may be as much as 60° but 
40° is a minimum, except for very soft species.

The clearance angle determines whether the saw will cut freely and smoothly. In fact, the clearance angle 
determines whether the back of the saw tooth will rub against the wood, causing friction and overheating. 
Consequently, the clearance angle must start at the point and continue along the length of the tooth back. It 
should not be less than 5° in any case.

3.1.8 Back Clearance Angle(4 ll)

Forintek has studied the reduction of saw tooth vibrations through the reduction of the back clearance of the 
tooth (Kirbach - Forintek Vancouver 1981). The experiments made on "thin-kerf saws have proven that 8° 
to 10° of back clearance has substantially improved the stability of the cutting edge and the sawing accuracy 
on stellite from carbide tipped saws (figure 9).

A general rule for regular solid tooth saws is that the gullet depth should be 0.43 times the pitch. However, 
when applied to thin-kerf circular headsaws, this figure should be reduced to approximately 0.38 times the 
pitch, to provide the tooth resistance and stability required for a thinner saw tooth to stand up to severe 
conditions.

3.1.9 Gullet Capacity

The gullet or space between the teeth is the cavity in which the sawdust is carried out of the cut. The area is 
determined by its shape, the tooth spacing and the tooth height. The volume of sawdust it can hold is also 
determined by the plate thickness. The larger the gullet, the greater the sawdust carrying capacity*41.

The volume of sawdust is from three to six times as great as the volume of wood from which it is cut. If the 
wood is green, soft and low in density, sawdust volume may be three times as great as the wood from which 
it comes. If the wood is dry and high in density, the sawdust volume may be six times greater than the wood 
from which it comes. It must be remembered, however, that, as the sawdust is carried along with the saw, it 
will pack to about 50 percent of its free volume without causing problems. From this, we can assume that 
the gullet capacity needs to be about one and one-half to three times the volume of the solid wood to be cut. 
If the gullet is loaded beyond its capacity, the sawdust will be forced out of the gullet. Since it can escape 
only between the blade and the wood, this will generate friction and heating and drag on the saw. In turn, 
this will create resistance to sawing and increase power consumption and reduce sawing accuracy.
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The experienced filer or sawyer can tell much about the sawing operation by the appearance of the sawdust, 
just as the pulp maker can tell what is happening in the grinder or refiner by the quality of the pulp he 
makes. A sharp saw operated at a speed and feed rate that is appropriate to wood density and gullet capacity 
will result in clean-cut sawdust ejected at the bottom of the cut. If the saw is dull, the sawdust will not be 
"sharp" and clean. Instead, it will have a mealy appearance. If the gullet is insufficiently loaded so that the 
sawdust slips by the saw, the sawdust will cling to the sides of the cut in a finely ground powdery form. If 
the gullet is overloaded, the sawdust will also slide between the saw and the cut and stick to the cant. 
However, it will pack in the gullet and emerge with the saw as well as a compacted chip.

Gullet overloading can also be detected by the wavy cutting pattern found in the lower part of deep cuts. The 
problem is related to overfeeding of the saw and occurs only in that section of the cut where the gullet is 
overloaded.

It may be confusing when one first realizes that overloading and underloading of the gullet, both result in 
spilling of sawdust from the gullet while in the cut. In both cases, the sawdust will appear on the cut side of 
the lumber. However, the appearance will be quite different and easily distinguishable.

Unfortunately, both overloading and underloading cause saw wandering. When they see this sawdust cling to 
the cant, some operators invariably assume that overloading is occurring and slow down their feed rate. If 
the gullet is underloaded, this is exactly the wrong thing to do. This is an important point to remember.

Gullet depth is related to gullet capacity because the size of the gullet increases with gullet depth. Bearing in 
mind what has been said earlier, capacity must be considered in relation to tooth height and tooth spacing 
since the tooth strength depends on this ratio. A gullet depth of about one-third the spacing of the teeth is 
about right, although up to 38 percent is not too much as long as overfeeding can be avoided.

Additionally, the extreme bottom of the gullet must be round rather than angled, and ground to a smooth 
finish. Nicks and scratches will become stress risers that are likely to cause trouble over time and shorten the 
useful life of a saw. The radius at the bottom of the gullet is called the root radius. This is the critical area 
where it is very important not to create stress risers.

3.1.10 Tooth Bite

This may be defined as the distance the log advances into the saw between successive teeth. It is determined 
by the interaction of several variables<4). These are the number of teeth in the saw, the peripheral speed of 
the saw, and the rate of travel of the piece into the saw. The bite must be known to calculate horsepower 
requirements for wood of various densities and degrees of hardness (See appendix VI). Put simply, one 
important factor in saw performance is the ability of the saw-tooth gullet to remove the sawdust from the cut.

3.2 Forintek Saw Guide

The natural tendency of a saw is to follow the path of the least resistance as it cuts through wood. Surface 
irregularities, knots, and uneven density within the log can cause even a sharp saw to deviate from its 
intended line of cut unless it is guided properly®.

The Forintek guide was specifically designed for large-diameter "thin kerf" circular headsaws. The results of 
experiments with the Forintek guide have shown some major improvements in the reduction of lateral 
deflections when compared to the standard saw guides that are commonly used in circular sawmills.
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The six adjustable guide pads stabilize a triangular section of the saw, precisely under the cutting zone at a 
maximum distance of 4" under the saw’s horizontal centerline. The disposition of the guide pads in reference 
to the saw diameter should be as follows:

The position of the top guide pads should be equal to 30 percent of the saw radius and the front guide pads 
(closest to the saw periphery) should cover 10 percent of the saw diameter, to minimize saw vibrations and 
maximize sawing accuracy.

It is important to adapt each saw guide assembly to saw specifications (i.e. diameter: tooth pitch, gullet depth 
and thickness).

The adjustable guide pads are made of low friction "E-Z-glide" material 2 1/2" in diameter. They are 
equipped with a built-in automatic "air and oil" lubricating system and mounted in a heavy-duty guide holder 
assembly.

The generation of a stable lubricating film between the guide pads and the saw has created favourable thermal 
gradients through the film to act as an efficient cooling process and also improves the stability of the saw®.

The Forintek saw guide is equipped with a lubricating system for cooling the saw and reducing guide friction. 
It consists of 3 sets of "E-Z glide" circular pads, 2 1/2" in diameter with a center hole, 1/16" in diameter at 
the center of each pad. The pads are adjustable and can be locked in place once they are adjusted to a 
distance of 0.005" from each side of the saw (figure 10). A primary advantage of the system is a set of 
photocells to stop the flow of lubricant when there is no lumber being sawn.

Secondly, the 2 1/2" surface area of each guide pad tends to reduce the volume of lubricant needed to 
maintain a steady cushion between the saw and the guide pads.
Finally, with sufficient flow to maintain a positive pressure at the surface of the guide pads, this condition 
will develop a very significant load carrying capacities. The greater the load carrying capacity, the higher the 
forces the saw can exert on the guide pads before contact is made, and heating is initiated by friction.

Inexpensive lubrication systems are available from a variety of suppliers, (i.e. Pacific Hoe, Maxi-Lube, etc.). 
They normally operate with a compressed air pressure of 60 to 70 p.s.i., and consume approximately 6 to 8 
ounces of "air and oil" lubricant per nozzle per 8-hour period.

Guide pad maintenance is important to insure maximum sawing accuracy. Replace each guide pad at the end 
of the week (5 shifts). They can be easily refaced to provide a full surface bearing to the saw.

3.3 Saw Tensioning and Levelling

Tension in a circular saw has a slightly different purpose than tension in a band saw. When a round saw (any 
diameter) is turned on a shaft, the rim becomes longer; the greater the speed, the greater the elongation. 
However, because the rim stretches, it also tightens the body of the saw. If there is no tension in the body, 
the rim stretches to a point where the plate is not flat. In other words, the whole saw (when revolving) is 
waving. This phenomenon is a lot more noticeable towards the rim.
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Figure 10. Forintek Saw Guide
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We now come to the task of tensioning a thin-kerf circular headsaw. This should be done with a circular 
stretcher roll because tensioning the saw can be done much better, faster and easier this way than by 
hammering. The smoother surface of the machine-tensioned saw reduces guide-pad wear and vibration, and 
improves saw stability. It is also possible to roll the saw just below the gullet line to assist in quieting down 
saws that have a tendency to scream when put up to speed.

It is also easier to train a man to tension saws with a stretcher roll than it is to instruct him to hammer 
correctly. The end result is usually a more accurate tensioning.

In tensioning saws with a circular saw stretcher roll, standard tension gauges and straight edges to check the 
saws for proper tension should be used. The procedures are the same as the hammering process but far more 
accurate.

Next comes the levelling and tensioning operations where the saw plate is levelled and tensioned so that it 
runs true under the specified R.P.M. and heating conditions. The flatter the saw plate, the more accurately 
the cutting edges can be applied and ground. The objective is to produce a saw on which all cutting tips 
(carbide or stellite) are perfectly aligned and follow one another perfectly through the cut with no sawing 
deviation for perfect smoothness. Hammer levelling and tensioning operations are critical factors in achieving 
this level of perfection.

3.3.1 Hammering Procedures

Hammering is the most difficult circular saw maintenance procedure to teach and learn. This is due to the 
fact that each and every saw is unique and must be individually analyzed for levelling and tensioning needs. 
Secondly, levelling and tensioning are not separate unrelated functions. Levelling depends on the tension in 
the saw and tensioning depends on the level of the saw. The material in this section is not a short course in 
levelling and tensioning a thin-kerf circular headsaw. However, it provides enough information to facilitate 
understanding of some of the basic principles and their application.

Even though hammering is a difficult process to master, there are no mysteries involved in hammering a 
circular saw. It is a matter of understanding the basic principles involved and applying them conscientiously.

First, hammering requires an alert mind and complete concentration. The person performing this task must 
understand not only what condition a saw is in, but also what caused it to be in its conditions at the time. An 
incorrect diagnosis of the condition or the major causes most likely will lead to frustration and a saw in worse 
condition after hammering than before the operation. Accordingly, the first rule of hammering is not to work 
on a saw unless one is relaxed and able to fully concentrate on the task at hand. If a particular saw is 
difficult to work on, it is best to set it aside and come back to it later.

Second, no one should hit the saw with a hammer unless they know why they are hitting it at that spot.

Third, it is important observe what happens to the saw as a result of hitting it in a particular spot. By noting 
the overall condition of the saw, both before and after hammering or rolling, it is possible to learn the cause 
and effect of performing specific hammering techniques on saws, thereby gaining knowledge as well as 
understanding of the process.

Fourth, one must remember that hammer blows expand or stretch the metal in the saw plate. The larger 
(heavier) the hammer, the sharper the hammerface. The harder one strikes the plate, the more it stretches. 
This is extremely important because one can’t shrink metal with a hammer. A hammer blow cannot be taken 
back; one must live with the resulting condition in the saw plate.
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Fifth, one should always start by working on the major problem of the root of a saw condition. In doing so, 
the first hammering procedures will provide major improvements in saw plate condition, making subsequent 
diagnosis of its condition easier and more accurate.

Sixth, special care should be taken not to leave hammer marks on the saw plate. Marking introduces high 
stress concentrations which weakens the plate. It also complicates subsequent tensioning and inspection and 
promotes accelerated guide pad wear. Techniques for minimizing marking will be addressed later.

Seventh, hammering should never be attempted without proper equipment.

If a person observes these rules and concentrates on the various tasks involved, hammering will gradually 
begin to make sense. There is no need to despair. Hammering takes a lot of practice and patience.

Tensioning equipment

1 - Bench to support anvil (figure 11)
2 - Straight edges appropriate to the diameter of the saw
3 - Tension gauges appropriate to the diameter of the saw
4 - A hook for checking plumb, level and tension (figure 11)
5 - Chill (hardened) face anvil with a slight crown (figure 11)
6 - Appropriate weight dog head and cross face hammers
7 - Circular saw stretcher roll, equipped with anti-dishing rolls (figure 12)
8 - An eye on a steel cable to assist filer to load and unload saws on the bench
9 - Appropriate lighting (figure 11)
10 - Leather pad for the chill anvil
11 - Saw marker (chalk)

3.3.2 Bench

The bench and floor must be solid enough to absorb the shock of hammer blows. We suggest a hardwood 
block resting on a cement base or an arrangement as illustrated in figure 11. The face of the anvil should be 
at proper height. The operator’s arm and the hammer must be parallel to the saw plate surface when 
hammering. This prevents unnecessary saw marking and allows the hammer face to hit the surface of the saw 
plate squarely.

3.3.3 Straight-Edges

Straight-edges are used to check the amount and the location of tension, cross lumps, long lumps, twists, fast 
(tight) spots, loose spots, etc. Most filers prefer to have at least three straight edges.

A long straight-edge about 2" less than the diameter of the saw determines its overall condition on the 
inspection pin (hook). A medium length straight-edge, roughly half the saw diameter, used to check tension 
with the saw laying in the horizontal position on the bench. It is also used to check specific areas in the saw 
for problems. A third short straight-edge, roughly one-third of the saw diameter.
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Figure 11. Tensioning Bench
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Figure 12. Circular Saw Stretcher Roll
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Both the short and medium straight-edges are lighter and make it easier to work on problem areas. They 
have the added advantage of not magnifying bumps as much as a long straight-edge and of reducing the 
tendency to overwork problem areas.

Straight-edges must have true straight edges if they are to provide accurate inspections. It is good practice to 
have two sets. One new set, used as a spare, to check the working set and to use when one set needs 
regrinding.

3.3.4 Tension Gauges

The same considerations apply for the tension gauges. Filers normally use their tension gauges to complete 
the work done with the long and medium size straight-edges. Tension gauges are generally used to accurately 
adjust the required amount of drop throughout the saw. The recommended length of a tension gauge is the 
distance from the eye to the rim of the saw.

3.3.5 Inspection Hook

Most hammer stations are equipped with an inspection hook mounted near or attached to it, which is the best 
situation. The inspection hook is a great convenience. It greatly facilitates inspection of the general condition 
of a saw. It also carries the saw weight during inspection, thereby saving the filer extra work.

The saw overall condition is checked by holding the long straight-edge vertically against it near the centerline. 
The saw can easily be rotated on the hook and checked in several different places. To check tension during 
the inspection process, the filer pulls the rim of the saw (at the nine o’clock position) toward himself until a 
slight pressure is exerted. The straight edge (still in the vertical position against the saw) will now be reading 
tension. The filer will have to reverse the saw and inspect the other side, following the same procedure, to 
get an accurate appraisal of the saw condition.

Repeat the procedure with the long tension gauge to adjust the tension as needed.

3.3.6 Chill Face Anvil

These anvils are used primarily for adding or removing tension from a saw. They are usually square or 
rectangular, about 6" to 12" high, have a hardened surface and a convex face. The tensioning process 
involves centering the area to be tensioned on the top of the anvil and striking a blow with a dog head 
hammer.

The hardened and crown faced hammer forces the saw plate against the anvil face, squeezing and stretching 
the steel (tensioning). With a combination of hammer blows, tension can be put into or taken out of the saw.

A chill face anvil can also be used for levelling, but this requires harder blows and usually changes saw 
tension. When it is necessary to level a saw plate with a chill faced anvil, it is best to use a leather pad 
between the saw and anvil to allow displacement of the material.
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3.3.7 Hammers

There are three types of hammers used in levelling and tensioning circular saws. They are cross face, twist 
face and dog head hammers.
Cross face and twist face hammers are primarily used for levelling work. They are both ground to produce 
an oblong shape on the saw plate.

The dog head hammer was designed for tensioning work, but can be used for levelling. Dog head hammers 
are ground to produce a circular shape on the saw plate. The face of a dog head hammer is normally larger 
and shallower than a cross face hammer. Consequently, a harder blow is required to stretch (displace) the 
steel. Dog head hammers heavier than cross or twist face hammers.

Hammer weight is a matter of individual preference and is dependent on the shape of the hammer face as well 
as the thickness of the saws being hammered. Lighter gauge plates and/or sharper hammer faces require 
lighter hammer weights. Heavier gauge plates and/or shallower hammer faces require heavier hammer 
weights. It should be remembered that one of the primary goals of good hammering techniques is not to 
mark the saw plate. Two-pound hammers are recommended for "thin kerf headsaws.

3.3.8 Circular Saw Stretcher Roll

A circular saw stretcher roll with a saw straightening (dishing and de-kinking) device is a "must" for "thin- 
kerf" circular headsaws. The tensioning process can be accomplished much easier, faster and with far more 
accuracy with a stretcher than a hammer. The stretcher employs two hardened rolls with convex (crowned) 
faces one over the other, (figure 12). The tensioning procedure is pretty straight forward; first, mount the 
saw onto the center device and move the area of the saw to be rolled between the roll faces. Light pressure 
on the saw is applied by tightening the handle and the stretcher roll switch is activated. The bottom roll is 
powered and will drive the saw if sufficient pressure is applied. After one revolution, the pressure is released 
and the roll turned off.

Note: Caution must be exercised to avoid applying too much pressure on the handle. Several light passes are
better than a single "heavy" one.

The levelling attachment is designed to make quick work of levelling badly dished or laid over saws and must 
be included in the purchasing of a circular saw stretcher.

Extreme dish typically originates from a dominant ridge that runs all the way around a saw. The anti-dishing 
device is ideal for correcting this type of problem. The saw should be mounted onto the stretcher with the 
dished side up. The ridge is then centered directly under the top roll, light pressure is then applied on the 
handle for a complete revolution around the saw. If the right amount of pressure is applied, the dish will be 
eliminated from the saw plate. If too much pressure is applied, the dish may be pushed through to the other 
side of the saw. After the major dish has been removed with the roll, levelling will have to be completed 
with a 2 lbs cross face hammer.

Once operators become accustomed to the levelling rolls, they can save a lot of time and efforts and end up 
with much better saw with less residual stress in the saw plate.
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3.3.9 Levelling and Tensioning

Using the tools discussed above, it is possible to inspect, level and tension thin-kerf circular headsaws. The 
first step is to hang the saw on the hook and check its overall condition with a long straight edge held 
vertically against the plate. The plate should be inspected for general level and tension (with the long tension 
gauge at this time). If any major problems are encountered, they can be marked with a metal marking chalk.

The saw is then reversed and the other side inspected in the same manner. This initial inspection usually 
provides a good idea of the condition of a saw and where to start the levelling and tensioning process. Major 
problems, such as severe dish or excessive tension, should be repaired first. Then major lumps and bumps, 
minor lumps and bumps, and so on. IT IS NOT ADVISED to completely level one section of the saw. It is 
essential to maintain uniform distribution of tension throughout the process.

The anvil should prevent significant tension build-up during levelling. However, if loose areas (too much 
tension) arise, they must be drawn out of the saw. Tension will have to be added to tight areas or it will be 
impossible to level the saw. Particular attention must be paid to changes in tension when levelling close to 
the eye of the saw because that adds tension to the saw, and near the rim of a saw where hammering reduces 
tension.

In other words, tension must be kept uniform throughout the levelling process or it will be impossible to level 
the saw. Tension can be checked while the saw is on the anvil. To this end, the medium length straight-edge 
is laid across half of the saw centerline between the operator and the light source. The operator then pushes 
down on the straight-edge with one hand and pulls up the rim of the saw with the other hand. The light 
which can be seen under the straight-edge indicates the location and the amount of tension in the saw. The 
saw is then rotated and checked in several places to see how evenly the tension is distributed.

Approximately 40 percent of the lumps in a saw are cross lumps. A saw can be perfectly level for long 
bumps and still run wobbly because of cross lumps. To find them, an intermediate-length straight-edge should 
be used to check the saw at several different angles.

As problem areas are levelled and tension adjusted, the fewer hammer blows used the better, to minimize 
hammer marks on the plate. Preference should be given to the dishing rolls on the stretcher.

When a saw is getting close to level, it should be hung on the hook and checked on both sides. If the saw 
does not meet stated standards, more levelling will be required. Subsequent grinding operations and sawing 
performance are dependent on saw plate run out.

3.3.10 Rotational and Thermal Stresses

Two forces act on circular saws(5). One results from high speed rotation on the saw arbor. The amount of 
distortion of the saw depends on the magnitude and direction of the forces, the mass (gauge and diameter) of 
the saw, as well as on the elastic properties of the saw steel. Basically, the forces (and distortions) increase 
as the mass and rim speed increase. These forces cause the rim of the saw to stretch and distort(7).

The second force acting on the saw is thermal stress. The work performed by each tooth as it strikes and rips 
through wood fiber, in addition to sawdust spillage and guide-pad contact causes friction and heat. Some of 
this heat is dissipated through the lumber, sawdust, guide lubricant, oil (if any) and saw body. The heat 
generated and dissipated through the saw plate is of primary importance. It sets up thermal stresses and 
expansion in the rim of the saw. Saw design and cutting tooth geometry can control, but not eliminate, the 
amount of heat build-up during sawing®.
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These two forces act on the saw and cause it to deviate (snake) from a straight line®.

To counteract these forces, the body of the saw must be pre-stressed or tensioned. Proper tensioning 
equalizes rotational and thermal stresses, allowing the rim to hold steady and saw a straight line. The tension 
applied in the filing room does not last indefinitely and must be checked at each servicing of the saw<6).

The optimum tension (location and amount) varies from saw to saw and must be determined through 
controlled experimentation in the filing room. The goal is to pre-stress the body of the saw to maintain a stiff 
rim under sawing conditions.

Tension should be applied as evenly as possible with little or no marking of the saw plate. Circular saw 
stretcher rolls, as discussed earlier, speed up the operation and produce uniform tension. They have the 
added advantage of not marking the plate. Operators should apply light pressure on the rolls until they 
become familiar with the machine, since rolling adds tension very quickly.

This roll tensioning sequence will put tension into the saw plate and draw it out uniformly into the body 
(between rim and base) of the saw. Both the sequence and location are critical if optimum tension is to be 
achieved. The starting point of each of the tension rings should be staggered around the saw. Operators 
should try to end each ring as close to the starting point as possible because overlapping may cause uneven 
tensioning. Lastly, turning over the plate between rolls as noted above will prevent any tendency for the saw 
to dish. The saw should be checked for tension and level after each roll make sure that added tension has not 
caused other problems.

Some experimentation will be required to find the best tension for a given application. Too much tension 
most often results in a saw that won’t "stand-up" straight and stiff when sawing and produces tapered lumber. 
Too little tension will cause saw instability (flutter) and snaking producing "wash board" and thick and thin 
lumber. A properly tensioned saw stands up straight and stiff and will saw a straight line producing quality 
lumber®. As a final step, one last inspection of levelling and tensioning is done on the hook and any minor 
adjustments made, as required. The saw is then ready for tipping and grinding.
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4.0 SAW TIPPING AND GRINDING

When circular saws have been properly levelled and tensioned, they are ready for tipping and grinding.

The first section of this chapter addresses the basic considerations involved in removing badly damaged and 
worn carbide tips. The second provides guidelines for effective carbide tip grinding and the third and final 
section discusses diamond grinding wheels.

4.1 Removing Badly Damaged and Worn Carbide Tips

Carbide tips with slight chipping can usually be salvaged during the sharpening process. The deciding 
principle in salvaging carbide tips should be to grind out the chips if the tips are at least half of their original 
thickness. If less than half their original length, it is best to replace the damaged tips to maintain relative 
consistency in tooth thickness around the saw. The saw should be completely retipped when side clearance 
becomes insufficient or the teeth approach 0.040" thickness. Tips thinner than 0.040" are extremely fragile 
and likely to fracture. The first operation in tip removal is setting up the torch.

4.1.1 Torch Setup

Silver solder brazing, the process used for bonding carbide tips onto the saw plate, is usually achieved with 
an oxy-acetylene torch.

The process requires oxygen and acetylene welding gases, high quality dual stage regulators, a piloted torch, 
hose and several different sizes of torch tips. Torch tip size selection depends on operator skill, saw plate 
thickness and the size of carbide tips to be brazed. Generally, a No. 0 or No. 1 tip is used on plates thinner 
than 0.120" and a No. 1 or No. 2 tip on plates 0.120" and above. First, the appropriate torch tip is selected 
then the oxygen and acetylene gauges are set at 5 to 7 pounds per square inch. The acetylene valve is opened 
slightly and the torch is lit. Once lit, the acetylene valve is further opened until the black smoke tailing the 
flame dissipates. Next, the oxygen valve is slowly opened until a clear white inner cone forms at the torch 
tip. This is a "neutral" flame which is ideal for silver solder brazing.

Note - A "neutral" flame for silver soldering is essential. If it becomes necessary to change the amount of 
heat, the torch tip should be changed. THE FLAME SHOULD NOT BE ALTERED FOR THIS 
PURPOSE.

Using the same oxygen-acetylene settings and torch tip size assures proper temperature control over the 
brazing process (figure 13).

4.1.2 Removed o f Worn and Damaged Tips

When the torch is lit, it is possible to melt out the chipped, broken or worn out tips. The inner cone of the 
torch flame is directed to the face of the tip until the solder brazing alloy begins to melt and a wire brush 
(brass) is used to remove the carbide tip and excess solder from the notch in one motion. The torch is 
immediately removed. This process cleans the tip seat. It is a good practice to install a thin steel plate or 
container under the brazing fixture. This will prevent hot tips from starting a fire.

It is important to apply only the minimum amount of heat required to melt the silver solder and remove the 
tip. Caution must be exercised to prevent the steel from becoming "red hot".
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Figure 13: Torch Set-Up
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4.1.3 Notch and Gullet Grinding

Notch seats should be reground and gullet wear removed each time a saw is retipped. Cleaning the notch 
removes the old silver, provides a clean and square bonding surface, and maintains notch depth concentricity.

Gullets should be checked for wear and reground at the same time. As gullets wear, they lose their sharp 
edges and sawdust starts to spill between the saw plate and wood surfaces, creating progressively more gullet 
wear and sawdust spillage. This creates friction, heat and saw instability which leads to sawing inaccuracy, 
excessive guide-pad wear and saw damage.

To adjust the gullet, the saw is mounted on a post grinder and the grinder set to obtain the desired hook 
angle. The appropriate wheel, shape and dress for the size and shape of gullet used is selected. Next, the 
grinder is set to achieve the depth of cut required to remove the wear.

Care must be taken so the gullets are not burned during grinding, thereby causing edge hardening and gullet 
cracks. The best insurance against burning the plate is to use an appropriate wheel grit, bond grade and to 
keep the wheel face as "open" as possible with a star dresser.

Next, a grinding wheel is used to clean out the tip recesses. Care must be taken not to modify the depth or 
width of the notch significantly. "Sparkout" is really only necessary when reseating carbide tips. The wheel 
should be shaped to provide a flat bottom in the seat and a corner radius smaller than the radius on the rear 
corner of the carbide tip being used. This provides for proper seating of the tip into the notch. Too sharp a 
corner in the notch and/or grinding burns increase the chances of shoulder breakage and should be avoided. 
Notching also determines hook angle of the saw as well as the amount of tip-to-shoulder overhang (figure 9).

Upon completion of the gullet and notch regrinding process, the notches need to be completely deburred with 
a file and cleaned. Special precautions should be taken to keep metal particles out of the notch area. The 
slightest metal particle and/or burr can cause a faulty bond and tip loss.

4.1.4 Tinning Carbide Tips (not pre-sharpened)

Carbide saw tips, as well as high speed steel and carbide "strobe" slot bars are available pre-tinned (with 
solder already applied) through most suppliers.

In general, "factory pre-tinned tips" are preferred. They are clean, have uniform amounts of silver solder, are 
less expensive than in-house tinned tips, and yield exceptional bonding strength. Once the tips are brazed to 
the saw, the filer must grind the side clearance and the face angles.

4.1.5 Pre-Sharpened, Pre-Tinned Carbide Tips

The pre-sharpening process provides a fast, economical method of saw maintenance. The tips are factory 
pre-sharpened to exact width, length and cutting angles. The tips are supplied pre-sharpened and pre-tinned 
to the filer, who brazes the tips accurately onto the saw using a specially designed brazing fixture. Next, the 
tips are face ground only, and ready to run.

Special care needs to be taken in brazing the tips onto the saw so the tips are perfectly square and centered. 
Tips brazed out of square will not have uniform clearance angles on either side of the saw, and may cause the 
saw to lead in the cut.
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With the transition to thinner saw kerfs, more and more mills are buying grinding equipment and converting 
to grinding pre-tinned (not pre-sharpened) tips on the saws to ensure accurate side-clearance centering and 
cutting angles required in "thin k e rf sawing. This has substantially reduced the popularity of pre-sharpened 
tips.

4.1.6 Brazing Carbide Tips

The first step in brazing carbide tips is to mount the saw on the brazing fixture facing in the direction which 
the operator finds most comfortable for brazing. Side clearance adjustments are made to center the tip width 
that will be brazed onto the saw plate. Using a small flux brush and brazing paste flux, a small amount of 
flux is brushed into each of the notches. Too much flux will make it difficult for the operator to see and may 
even float the tip off the brazing fixture surface, thereby causing off-centered brazing. Tips are placed into 
the notch about 1/8" from the bottom of the notch and heat is applied to the face of the carbide at the base of 
the tip with the flame angle slightly toward the top of the tooth. As the solder melts and begins to flow, the 
tip is pushed against the back of the notch with a tip-locating tool and then pushed down to the bottom of the 
notch. The tip is pushed once more in its centre part to square the face. The tip-locating tool is removed first 
then the torch is slowly removed. The tip should be tight to the notch surfaces, square, and have a smooth 
gold fillet along all notch surfaces. Silver braze alloy provides maximum bonds at a thickness of 0.003" - 
0.005".

This may sound like a long process but a skilled filer, takes about 5 to 10 seconds to complete the operation. 
It is important to apply only the minimum amount of heat required to the saw steel to achieve a dull red color 
in the notch area. Excessive heat during brazing causes "chill lines" in the steel and will result in shoulder 
breakage.

Overheating the steel also causes brazing stress between the carbide and the notch area of the saw plate.

Saw steel expands three times as much as carbide at temperatures used for brazing. If the saw steel gets as 
hot as the carbide when brazing, a significant amount of stress is created between the carbide and notch area 
of the saw plate. This can lead to weak bonds and tip loss. This is the primary reason for heating through the 
face of the tip.

When brazing saws with a large number of teeth, such as trim saws, it may be beneficial to braze every other 
tooth rather than each consecutive tooth. This minimizes heat distortion in the rim of the saw and improves 
centering accuracy. When all tips are brazed, the flux should be soaked off in a cleaning tank and each 
brazed joint inspected on both side of the saw. The silver solder should be filleted over the entire notch seat 
area on both sides including the bottom of the tip. If there are any areas where solder didn’t flow, they 
should be rebrazed until an even flow is complete. It is better to repair marginal brazes than to have a tip 
come out in the run and damage several others.

Each tooth should be checked for proper side clearance and centering on the plate. Those not within tolerance 
should be brazed again. The saw is now ready for a final hammering/tensioning check and subsequent 
grinding.

4.2 Carbide Tip Grinding

Any time a new tip is brazed onto a saw (except pre-sharpened tips discussed previously), all tip surfaces 
must be sharpened, including the face, both sides and the top. Sharpenings between re-tips are usually 
limited to the face and top of the tooth tip. The sharpening sequence should be: face, sides (if required) and 
top. In the sections that follows each of these operations will be discussed separately. Exact grinding
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techniques are highly dependent on the type of grinding equipment being used and require careful attention by 
the filer.

4.2.1 Face Grinding (hook and face angles)

The face should always be sharpened first. All subsequent grinding operations index off the face of the tooth. 
It is therefore good practice to plan on starting off right. The wear land on dull tips should be removed by a 
combination of face and top grinding. Side grinding should only be performed if the sides still show wear 
after facing and topping, because of rapid loss in saw kerf and side clearance through side grinding.

The amount of wear to be removed from the face relative to the top depends on the amount of tip-to-shoulder 
overhang you have on a new saw or re-tip. Try to set up stock removal for both operations so that when the 
tooth is faced to re-tip thickness (approximately 0.040"), there is no tip-to-shoulder overhang (i.e. the top of 
the tip is flush with the shoulder of the saw).

This process extends the usable life of the carbide tip and provides a sharper point than face sharpening 
alone.

Most filing rooms should use manual post type grinders to face-grind thin kerf circular headsaws. Regardless 
of machine type, filers will want to maintain the same hook angle grind after grind, and achieve a perfectly 
square and smooth face plane (figure 14).

When manually facing, set the machine for the desired hook angle and wheel depth. Next, lower the 
diamond wheel into the gullet, move the tip into contact with the diamond wheel and move the diamond down 
with a smooth motion, release pressure on the saw, raise the wheel and repeat as required.

Apply only light pressure to properly sharpen the tip. A stock removal rate of 0.001" per stroke is typical 
with an appropriate diamond wheel.

The tip should not be forced into the wheel. Excessive load causes premature diamond wheel wear and heat 
checks in the carbide. The hook angle, smoothness of ground finish and face squareness should be checked 
after face sharpening to ensure a proper grind.

4.2.2 Side Grinding (radial and tangential clearance)

Side grinding results in finished saw tooth kerf, side clearance centering and, to a large extent, the accuracy 
and smoothness of sawn lumber(12) (figure 15).

Side grinding is generally performed only on complete re-tips, partial re-tips and where the wear land is so 
severe that the only way to get the tip completely sharp is through side grinding.

Appropriate hook, radial and tangential angles are set on the grinder (figure 9) and Appendix II for 
recommended angles). The machine is then set to achieve the desired kerf and side clearance centering, 
turned on and a test cut made to confirm results. See Appendix III, Length and Thickness of Carbide Tips, 
for the amount of drop in thousandths of an inch for several clearance angles and tip lengths. It should be 
helpful in inspecting clearance angles.

Stock removal should not exceed 0.008" per side depending on grinder rigidity and diamond wheel selection. 
Once the desired results have been confirmed, side grinding of the saw is performed. Filers should 
periodically inspect the grind to make sure the finished grind leaves equal side clearance on both sides of the
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Figure 14. Top and Face Grinder
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Figure 15. Side Grinder
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saw plate. If one side is heavier, the saw will lead to the heavy side causing sawing inaccuracy. Typical side 
grinding tolerances are targeted kerf +0.000"/-0.002"; targeted side clearance +0.0007-0.001".
Upon completion of side grinding, the saw should be top ground (using post grinder) to achieve final 
concentricity.

Note: In addition to providing finished tooth width and centering, side grinding should produce a smooth
finish on the sides of each tooth. A slow uniform diamond wheel infeed across the tip produces a 
smooth finish on the carbide tips.

For side grinding machines without lift-off capability (head grind on infeed pass only, then lift off the tip and 
retract), the outfeed pass must be as smooth and slow as the infeed pass if the ground finish is to be 
maintained. A single fast outfeed pass can destroy the finish. This caution applies to face, side and top 
grinding operations.

4.2.3 Top Grinding (top clearance and top bevel angles)

Top grinding is the final sharpening operation and establishes the final sharpness and concentricity of the saw. 
The first step in top grinding is to set the desired clearance angles on the machine (figure 9). Next, the saw 
is mounted onto the machine and the index set for the tooth to be ground. The grinding head is then lowered 
until the diamond wheel just skims the top of the tip. The desired material removal level can not be set. The 
amount to be removed in one pass varies with the grade of carbide, the diamond wheel, and the type of 
grinder used. For manually operated post grinders, removal per pass should not exceed 0.002" to 0.004" 
(figure 14).

Since topping is the last operation, care should be taken to make sure the entire wear land on the tips is 
removed. Several tips should be inspected with a magnifying flashlight for signs of remaining wear. If wear 
areas are found, the saw should be re-topped until the edge is completely sharp. A sharp saw cuts smoother, 
more accurately, requires less horsepower and lasts longer.

The final check is outside diameter concentricity (specially for saws that are "top ground" manually on a post 
grinder). This should be checked with a dial indicator on the machine or on a "run out" check arbor. An 
acceptable run out for thin-kerf headsaws is 0.005" to 0.008". This tolerance is important because it provides 
for a uniform bite by every tooth all around the saw.

4.3 Diamond Grinding Wheels 

4.3.1 Wheel Lubrication

The wheel must wear at a rate sufficient to provide for the release of diamond particles as they become dull. 
Wheels wear through heat generation, allowing dull diamond particles to pull out of the bond while grinding.
If excessive heat is generated, the wheel will wear very fast, resulting in high wheel costs. For optimum 
wheel performance and life, grinding heat needs to be dissipated as rapidly as possible. The best way to 
insure proper cooling is to flood cool the grinding operation.

Significant improvements in wheel life (up to 200%) can be achieved by grinding wet rather than dry. Full 
flood is the cleanest and most effective form of grinding lubrication. Mist cool is second best, but is messy 
and hard to control. For any form of lubrication to be effective, the coolant must penetrate between the 
wheel and tip as grinding is taking place.
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4.3.2 Wheel Selection and Use

Several factors must be considered when selecting diamond wheels for specific grinding applications. The 
wheel must remove the tooth tip material fast and with minimal heating. It must also produce the desired 
grinding finish and accuracy. Wheels should not be bought with the expectation that they will last a long 
time. The reason for buying diamond wheels is to remove carbide(13).

4.3.3 Wheel Variables

A diamond wheel consists of diamond particles held in place by a bond matrix which may be metal, vitrified, 
or resin.

Metal bonds are used primarily on extremely abrasive material such as stone, glass and concrete.

Vitrified bonds can be used on carbide but are extremely difficult to use. They are not commonly found in 
filing rooms.

Resin bonded wheels are ideally suited for saw grinding. They are not as long lived as metal or vitrified 
bonded wheels, but are capable of achieving high material removal rates.

Diamond wheel variables are referred to as wheel specifications. A typical wheel specification might read as 
follows:

Chart 4: Wheel specifications

CMD 150 4 75 B 1/8"

Diamond Diamond Bond Diamond Bond Diamond
Type Size Hardness Concentration Type Depth

Diamond wheel specifications determine to a large extent the grinding results that can be achieved. Proper 
selection of wheel specifications is essential if maximum grinding efficiency is to be attained.

Types of Diamond - CMD 150 R75 B-l/8"

N atural D iam ond  - Formed in nature and not economical for saw grinding.

Synthetic D iam onds are superior to natural diamonds in virtually all grinding operations. The surface 
of synthetic diamonds is very irregular, allowing excellent retention in the wheel bond.

N on-C oated Synthetic D iam ond  wheels produce the fastest and coolest grinds. They are 
recommended for wet or dry grinding applications. Non-coated wheels are easily dressed and 
produce high quality grinds.

C opper C oated Synthetic D iam ond  wheels are often used in dry grinding operations to improve 
retention of the diamond particles in the bond, but grind slower than non-coated wheels.
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Diamond Size - CMD 150 R75 B - 1/8"

Diamond grit is graded by mesh size, ranging from 40/60 which are coarse (large) to 400/600 which are fine 
(small).

For the best grinding efficiency, select the coarsest grit that will produce the required finish on the tip. General 
grits for saw sharpening are:

100 g r i t .....  rough grinding
150 - 180 g r i t .....  general purpose grinding
220 - 380 g r i t .....  fine finishing (requires reduced material removal rates)
400 - 700 g r i t .....  polishing very fine (requires minimal material removal rates)

Bond Grade (Hardness) - CMD 150 R75 B-l/8"

Each individual diamond particle in a wheel acts as a small single point cutting tool. As with all cutting tools, 
a dull diamond particle generates more heat and is less efficient in removing material than a sharp one. Dull 
particles are replaced when the bond is sufficiently eroded to release the dull particles and expose new ones. The 
rate of wheel wear is controlled by the bond grade (hardness). The ideal bond grade allows diamond particles 
to fall out just as they become dull.

The proper bond grade depends on the grinding application and the grade of carbide being ground. The bond 
grade is denoted by a letter in the wheel specifications. "R" bond grade is used on the majority of resinoid 
wheels and has proven to work quite well. Softer grades are designated by letter "L" or "N", while harder grades 
by "S", "T" and "U".

Diamond Concentration - CMD 150 R75 B-l/8"

Diamond concentration is the relative amount of diamond (by carat weight) in the diamond section. Wheels are 
typically available in three standard concentrations; 50, 75 and 100.

Concentration greatly affects cutting performance and wheel life. Increasing diamond concentration increases the 
number of diamond particles in the wheel. This decreases the amount of work each individual particle has to 
perform and increases wheel life and/or material removal rate. It also increases the amount of heat generated 
during grinding. Because of this, armor coated diamonds are not recommended in higher concentrations and grit.

Recommended diamond concentrations:

50 concentration - for use on light weight grinding machines
75 concentration - for use on manually operated grinders, medium weight grinders; best for

fine finishing
100 concentration - for automatic grinders, heavy duty grinders; best for medium to coarse 

finishes.

Wheel Diameter

In general, the largest possible diameter wheel that will not flex under the grinding load should be used. Wheel 
life increases with wheel diameter because the time between cuts for each diamond particle increases with wheel 
size. This allows more time for the diamond particles to cool between cuts.
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Wheel Speed

Wheel speed affects grinding performance. Wheel speed can be calculated using the following formula:

Wheel Speed = 3.1416 x wheel diameter Cinches-) x spindle RPM
(in feet per minute) 12

The most economical "dry" grinding wheel speed is 3600 surface feet per minute. Wheel speeds are less critical 
when "wet" grinding. Wheel speeds of 4000 to 8000 surface feet per minute can be used in "wet" grinding 
operations without seriously affecting wheel performance. Higher wheel speeds remove material more quickly 
and produce better finishes.

Wheel Dressing and Trueing

Diamond wheels may load (glaze) with carbide dust. This glazing packs between diamond particles, causes 
excessive heat, tool pressure and requires dressing to "open" the wheel face. Wheel dressing can be wasteful 
and should not be frequently required with the proper wheel specification. If dressing becomes necessary, care 
must be taken to avoid excessive diamond loss.

Wheel trueing is the process of jointing the diamond section (wheel face). Special equipment and techniques are 
required for truing. Wheels requiring truing should be sent back to the factory. TRUEING WHEELS ON THE 
MACHINE SHOULD NOT BE ATTEMPTED.

Wheel trueing should not be required if the diamond wheel is properly mounted onto the grinding spindle. The 
following procedure will insure an accurate wheel mount.

The new wheel is installed on the grinder. The face of the diamond section is indicated by a dial which shouldn’t 
run out more than 0.001". If it does, loosen the wheel, rotate 1/4 turn, and retighten to obtain a new dial 
reading. This procedure should be repeated until runout is 0.001" or less. The wheel is then left on the grinder 
until it wears out.

If a setting of 0.001" or less, cannot be achieved, the grinder’s spindle and collar flanges must be adjusted. If 
they dial within 0.0005", the grinding wheel is probably faulty; if not, the spindle and collar flanges may have 
to be reground or the spindle bearing replaced.
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APPENDIX I

CHECKLIST FOR PERIODIC MAINTENANCE

Daily Weekly Monthly

Sawteeth sharpening Saw:
speed 
plumb1 
flat log side3

Mill foundation

Saw tension (complete) Husk

Arbor bearings (heating) Lead (1) Spreader

Drive belts Saw collars12,31 Saw

Arbor (straightness)'2® Lug pins(2> Carriage: frame 
trucks

Headsaw (heating) Carriage wheels; guide track dogs

Cleanup (debris, oil, etc.) Head block; knee assembly Pulleys

Machinery guards in place Drive and driven pulleys Bracing

Lubrication system Saw guide position10 Sprockets, chains

Track cleaners 

Guide pads adjustments

Bolts (tightness) 

Belt tension 

Setworks (set)

Hydraulic hoses

1 Items to be checked after changing saws.
2 Items to be checked after saw has been hung.
3 Items to be checked after saw has been severely overheated.
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APPENDIX II

RECOMMENDED TOOTH ANGLES

Hardwoods Softwoods

Max. Min. Avr. Max. Min. Avr.

Side
Clearance

.030" .022" .025" .033" .025" .030"

Hook
Angle

28° 22° 26° 33° 26° 30°

Tooth Clearance Angles

Radial Tangential Top Back

Maximum 3° 6° 10°

Minimum 1° 3° 6°

Average 2° 4° 8°
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APPENDIX III

LENGTH OR THICKNESS OF CARBIDE TIPS

TOOTH ANGLE EQUIVALENTS IN 1/1000”

DECI- FRAC- 
M A LS  T IO NS V i* 1»

.0625” 1/16” .5 1.1

.07812” 5/64* 7 1.4

.09375” 3/32* .8 1.6

.109375 * 7/64* 1.0 19

.125* 1/8* 1.1 2 2

.15625’ 5/32* 1 2 2 4

.1875” 3/16* 16 3 3

.21875* 7/32* 1 9 3 8

.250* 1/4" 2 2 4 4

.28125” 9/32* 2 5 4 9

.3125* 5/16* 2 7 5 5

.34375” 11/32" 3 0 6 0

.375” 3/8* 3 3 6 5

.4375" 7/16* 3 8 7 6

.500* 1/2* 4 4 8 7

IV i* 2 * 2 Vi* 3* 3'/j* 4 *

1 6 2 2 2 7 3 3 3 8 4 4
2 0 2 7 3 4 4 1 4 8 5 5
2 5 3 3 4 1 4 9 5 7 6 6
2 9 3 8 4 8 5 7 6 7 7 6
3 3 4 4 5 5 6 6 7.6 8 7
3 6 4 8 5 9 7 1 8 3 9 5
4 9 6 5 8 2 9 8 11.5 13 1
5 7 7 6 9 6 11.5 134 15 3
6 5 8 7 10 9 13 1 15 3 17 5
7 4 9 8 12 3 14 7 17.2 19 7
8 2 10 9 13 6 16 4 19 1 21 9
9 0 12 0 150 16 0 21 0 24 0
9 8 13 1 164 19.7 22 9 2 62
11.5 153 19 1 229 268 306
13 1 175 21.8 26 2 306 35 0

4V i*

4 9
6 1 
7 4  
66  
96 
10 7 
14 6 
17.2 
19 7 
22 1 
24 6 
27.1 
2 95  
34 4 
39 4

5*

5 5 
66 
8 2
9 6
10 9 
119 
16 4 
19 1 
21 9
24.6 
27 3 
30 1 
3 28  
38 3
43.7

To use this than select um r tip length in the left lunut column. n u  n check tlu mit clearance drop 
from the top to hoiiom oj the lip St an across the i: " lip length row unlit you find the amount of 
4ide clearance drop in thousandths llic number til the lop of dial column is die radial clearance 
angle. This churl works for radial and tangential clearance angles.
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APPENDIX IV

"THIN KERF" CIRCULAR HEADSAW TROUBLESHOOTING GUIDE

The following list of troubleshooting tips is designed to help sawfders and maintenance personnel determine the 
cause(s) of sawing problems.

Much of the information is based on information prepared by Mr. Stan Lunstrum, with some changes and 
modifications adapted to "Thin K erf circular headsaw procedures.

CIRCULAR SAW TROUBLESHOOTING GUIDE

Sym ptom P ossib le  Causes

THICKNESS VARIATION BETWEEN BOARDS (EXCEPT THE DOG BOARD)

Carriage causes Often indicates setworks problem 
Inaccurate setworks, not repetitive 
Backlash between setshaft pinions and racks 
Inadequate dogging 
Incorrect scale setting 
Play between guide wheels and carriage 
Improperly adjusted saw guide 
Carriage speed too slow

Saw Causes Dull carbide tips
10 percent or more saw speed fluctuation 
Husk insecurely fastened to foundation 
Insufficient saw kerf 
Incorrect saw tension for saw speed

WEDGE-SHAPED DOG BOARD, EDGE TO EDGE

Carriage causes Carriage not square (perpendicular) to saw
Knee misalignment
Headblocks or tracks not level or square to saw
Bottom dog not operating
Headblock bases worn near their outer ends

Saw causes Saw "open" (stretched too much in the inner area for its operating speed) if top
of board is thicker than bottom
Saw "fast" (too long at rim for its operating speed) if top of board is thinner than 
bottom
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Symptom Possible Causes

DOG BOARD WEDGE-SHAPED OR VARYING IN THICKNESS, END TO END

Log or transport causes Log springy, has tension, changes shape during sawing
A twist or dip in tracks
Side play or wobble in carriage trucks
Faulty knee alignment

Saw Causes End play in arbor
Inadequate saw maintenance, dull, poor tension, etc.
Defective saw collars
Dished saw at operating speed
Excessive lead if back end of board is thin
Insufficient lead if back end of board is thick

SAW THROWS SAWDUST FROM THE BACK

Carriage causes Carriage speed too slow
Play between guide wheels and carriage

Saw causes Insufficient lead 
Dull saw tips
Uneven saw temperature at rim, inner, and central area

SAW CRACKS OVER COLLAR

Foundation or transport 
causes

Weak foundation, especially in husk area
Side play in carriage trucks
Excessive side pressure on saw during feeding

Saw causes Saw not properly tensioned for its operating speed 
Defective saw collars, e.g. uneven thickness 
Uneven saw plate thickness in collar area 
Saw hung improperly 
Partial or complete saw rollover 
Insufficient lead (saw running out of log)
Dull saw tips 
Dished saw
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Symptom Possible Causes

SAW HEATS IN RIM AREA

Saw Cases Excessive lead 
Excessive saw speed 
Saw guide pads too close to saw 
Insufficient tooth kerf
Insufficient gullet capacity for depth of cut and
feedspeed, causing gullet overload
Sprung arbor
Saw dished into log
Collars improperly fitted
Saw tensioned for slower speed than being run
Bite too small, allowing sawdust to spill from gullet

SAW HEATS IN INNER AREA

Saw Causes Insufficient lead
Arbor bearing next to saw running hot 
Saw dished away from log 
Bearing next to collar loose 
Saw carbide tips dull
Saw turning slower than the speed for which it was tensioned

SAW POUNDS OR CHATTERS AT THE GUIDES

Saw Causes Saw improperly hung 
Defective saw collars 
Fluctuating saw speed 
Saw running hot 
Unequal side clearance 
Saw is "fast"
Lumps on saw in rim area 
Uneven or irregular saw tension 
Arbor, saw, or collars sprung 
Saw out of round

Drive causes Drive or driven pulley out of balance 
Arbor bearing end play 
Bearings loose in their mountings on husk 
Arbor shaft loose in bearing saddles 
V-belts loose, mismatched, or oversized
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Possible CausesSymptom

SAW SCORES LOG ON GIG

Carriage causes Side play in carriage trucks
Guide track loose

Saw Causes Saw tension improper for saw speed
Saw speed running hot 
Insufficient lead 
Dull saw tips

SAW SCORES LOG WHILE SAWING

Insufficient lead
Guide pads not properly adjusted

SAW TENDS TO LEAD INTO LOG

Feeding too slow
Cutting edge of carbide tips sharpened into log
Side clearance wider on one side
Saw running hot in rim area
Saw tensioned for slower speed than being run
Too much lead
Saw dished toward log
Saw tips damaged on board side

SAW TENDS TO LEAD OUT OF LOG

Feeding too fast
Cutting edge of carbide tips sharpened away from log
Side clearance wider on board side
Saw running hot in the inner area
Saw tensioned for a faster speed than being run
Dull saw tips
Insufficient lead
Saw dished away from log
Saw tips damaged on log side
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MOST COMMON PROBLEMS WITH THIN KERF CIRCULAR HEADSAWS

Symptom Possible Causes

CRACKS AT THE COLLAR CONTACT ZONE

Feedworks causing lateral 
pressure/ overheating

Feedworks misalignment to the arbor 

Feeding too fast causing overheating/overload
Saw causes

Dull tips causing heating 
Improper tension
Collar applying differential pressure on saw because collar, or saw contact area 
is not flat

GULLET CRACKING OF CIRCULAR SAWS

Caused by excessive 
heating, lateral pressure, 
overload, loss of tension, 
vibration, tooth flutter

Overfeeding 
Dull tips
Misaligned arbor or feedworks 
Worn arbor bearings 
Insufficient lubrication at the guides

Heat related causes Inadequate guide clearance settings 
Debris wedged in guide(s) 
Misaligned guides 
Insufficient side clearance 
Insufficient clearance angle 
Damaged or worn collars or saws

Vibration-related causes Operating at critical speed 
Mismatched drive belts 
Sheaves or drive motor out of balance 
Bad arbor bearings
External vibration transmitted to machine 
Lumpy saw chattering in guides

Saw-design causes Saw plate too thin for imposed impact load 
Insufficient hook angle 
Insufficient sharpness angle 
Insufficient back clearance angle 
Insufficient side clearance 
Deep, narrow gullets
Stress risers in gullet, e.g., sharp corners, coarse grinder marks

Grinder causes Blued or glazed gullets
Stress risers in gullet, coarse grinder marks, improper shape
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APPENDIX V

CALCULATION OF ARBOR RPM

The following formulas are provided to help operators calculate the desired arbor rpm:

Drive (i.e. to determine the arbor RPM when driven from a direct-coupled motor)

1 - To determine arbor rpm:

pulley (sheave) diameter driven = rpm driving
diameter driving rpm driven

2 - To find the speed of the driven pulley (diameter and speed of driver and diameter of driven are known):

diameter driver x rpm driver = rpm driven 
diameter driven

example:
if a 15" driving pulley is turning at 1800 rpm and the driven pulley is 10"

15 x 1800 = 2700 rpm
10

3 - To find the diameter of the driven pulley (diameter and speed of driver, and rpm of driven are known):

dia, of driver x rpm of driver = dia. of driven = 15 x 1800 rpm = 10"
rpm of driven 2700 rpm

4 - To find the diameter of the driver (diameter and rpm of the driven and rpm of the driver are known):

dia. of driven x rpm of driven = 10" x 2700 rpm = 15"
rpm of driver 1800 rpm

5 - To find the speed of the driver (diameter of the driver and of the driven and rpm of the driven are known)

dia. of driven x rpm of driven = rpm of driver = 10" x 2700 rpm = 1800 rpm 
diam. driver 15"

V-Belts

To find belt speed in feet per minute: 0.262 x pitch diameter of pulley in inches x RPM of shaft
Pitch diameter is measured from about 2/3 the height of the groove
Belt speeds greater than or equal to 5000 fpm require dynamically balanced pulleys. V-
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APPENDIX VI

CALCULATION OF SAW SPECIFICATION: FORMULAS AND EXAMPLES 

Initial data

Saw specifications Machine specification Wood specification

Diameter 44" Saw arbor 1050 RPM Specie Maple

Thickness 0.150" Feed speed 160 fpm Length 8’-0"

Kerf 0.200” Depth of cut 8"

No. of teeth 44

Gullet depth 1-3/16"

TOOTH PITCH
Tooth Pitch = Saw Diameter x 7r 

Number of Teeth

Tooth Pitch = 44 x 3.1416 = 3.141" 
44

SAW RIM SPEED

Surface feet per minute = R.P.M. x saw diameter x it

12
Surface feet per minute = 1050 x 44 x 3.1416 = 12095

12

BITE PER TOOTH

Bite per tooth = feed x tooth pitch
rim speed

Bite per tooth = 160 x 3.141 = 0.041" 
12095

VOLUME OF SAWDUST

Volume of sawdust = Bite x Depth of Cut x 2.5(1) 

Volume of sawdust = 0.041 x 8 x 2.5 = 0.820 in.2

(1) Definition of 2.5 (One hundred percent free sawdust averages 2.5 times the area of solid wood)
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GULLET AREA

Gullet area

Gullet area

* 1.75 is a constant used to determine 
gullet area

tooth pitch x gullet depth 
1.75

3.141 x 1.187 = 2.130 in.2 
1.75*

PERCENTAGE OF GULLET LOADING

% Gullet Capacity = Volume of Sawdust x 100 
used by the gullet area
volume of sawdust

% Gullet Capacity = 0.820 x 100 = 38.4% of gullet capacity
2.130

Note: The purpose of chart 5 is to provide an example to determine the correct feed speed for a given depth
of cut - without over or under loading the gullet capacity; i.e. min. 40% - max. 60%.

Chart 5: Feed speeds in relation to depth of cut

Depth of 
Cut 
(in.)

Time to 
complete 

cut
(seconds)

Feed Speed 
(feet per min.)

Tooth
Bite
(in.)

Volume of 
Sawdust 

(in.2)

Gullet
Area
(in.2)

Gullet
Loading

(%)

Recommende 
d time to 

complete cut 
(seconds)

6 2 240 0.062 1.116 2.019 55.2
7 3 160 0.041 0.861 2.019 42.6 3
8 3 160 0.041 0.984 2.019 48.7
9 3 160 0.041 1.107 2.019 54.8

10 4 120 0.031 0.930 2.019 46.0
11 4 120 0.031 1.023 2.019 50.6 4
12 4 120 0.031 1.116 2.019 55.2

13 5 96 0.024 0.936 2.019 46.3 5
14 5 96 0.024 1.008 2.019 49.9

Note: To determine feed speed in relation to log length:

Feed Speed (fpm) = Log Length (in feet-) x 60
Time to complete cut (in second)
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T

The cost of an automatic system able to control the speed of the carriage to approximately one tenth of a second 
for each different depth of cut is astronomical. Not to mention the complexity of such a system.

It is less complicated and less expensive to train the sawyer to control the speed of his carriage correspondent 
to the recommended speeds specified at chart 5.

HORSEPOWER REQUIREMENTS 

To calculate the horsepower requirements®.

H.P. = Gullet area x Number of teeth x Saw Arbor RPM x 0.003* x Saw Kerf
0.3437"

H.P. = 2.019 x 44 x 1050 x 0.003 x 0.200 = 162.8 H.P. (for 14 inches average depth of cut)
0.3437"

Note: Horsepower requirements should not be reduced more than 5% to maintain sawing accuracy.

* 0.003 = H.P. required for each square inch of gullet area per minute.


