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(57) In a saw blade comprising a FIG 1 ((])

leading tooth 3 which performs the B

cutting of a workpiece and advances in b
the feed direction while the workpiece 1 A t“‘

is being cut, and a plurality of trailing

teeth such as.5, 7 which cut the

workpiece later than the leading tooth

and serve to widen the leading cut E
channel which is cut by the leading

tooth and wherein the leading tooth

and the plurality of trailing teeth form )5 \3]__ 7
one group, the heights of the trailing b
teeth from a basic position to the tips of U 5P 3P

the teeth are smaller than the height of

the leading tooth from the basic

position to its tip.
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SPECIFICATION
Saw blade

Background of the invention
Field of the invention

The present invention relates to a saw blade, and
in particular to a saw blade such as a bandsaw
blade, a circular saw blade, and a hacksaw blade.

Description of the related art

Conventionally, a metal cutting machine such as
a bandsaw machine is used to cut a metallic work-
piece. The bandsaw blade used by such a bandsaw
machine is usually set in a pattern such as a raker
set, wave set, or straight set pattern, and the like,
in order to minimize vibration and noise, and, in
addition, each tooth is set to an unequal pitch. Fur-
thermore, bandsaw blades in which the height of
each tooth is different have been developed for
sawing difficult-to-cut materials such as stainless
steel.

In conventional bandsaw blades, it is the usual
practice, after each of the teeth have been formed
at a uniform height, to set the pattern by combin-
ing teeth set in a slight bend in the direction of the
thickness of the bandsaw blade (the transverse di-
rection) with unset teeth which are not bent in the
transverse direction.

When a workpiece is being sawn by a bandsaw
blade, chips are produced which are almost the
same thickness as the thickness of the backing of
the bandsaw blade. This makes it very difficult to
discharge these chips to the outside from the
space between the groove formed by the sawing
action in the workpiece and the backing of the
bandsaw blade. Specifically, the chips have a tend-
ency to collect in the gullet formed between the
teeth of a conventional bandsaw blade. Once this
gullet is filled with chips, these chips cause the
bandsaw blade to be elevated in the feed direction
of the cut relative to the workpiece. In proportion
to the amount by which the bandsaw blade is ele-
vated, it produces a course deviation to the right or
left relative to its direction of travel. Accordingly, in
conventional bandsaw blades the problem is pro-
duced by which the cut veers to the direction of
the deviation.

In addition, in conventional bandsaw blades,
when the blade continues to cut the workpiece
after chips have collected in the gullet, the chips
are compressed so that the problem arises
whereby the pressure of the chips cause breakage
of the saw teeth.

In conventional bandsaw blades, although there
are slight differences in height between the tips of
the unset teeth and the tips of the opposedly set
teeth, for example, when taken from the locus of
the center of the thick portion of the unset teeth,
the tips of each tooth are almost the same height.
Therefore, when the workpiece is being cut, the
unset teeth are not always the first teeth to cut into
the workpiece. The opposedly set teeth can also be
the first to cut into the workpiece. For example,
when the left-set teeth are the first to cut into the
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workpiece, the cutting resistance causes the band
saw to have the inclination to swing to the right
side. Specifically, there is the problem in a conven-
tional bandsaw that vibration and deviation of the
cut in the transverse direction is easily produced.

When stainless steel, which is a difficult-to-cut
material, is being cut by a conventional bandsaw,
the feeding force of each tooth is small. If the
bandsaw blade cannot cut the workpiece, the tips
of the bandsaw blade teeth will rub against the
surface of the workpiece so that a work-hardened
layer is formed on the surface, making the hard-to-
cut material even more difficult to cut. Specifically,
with conventional bandsaw blades, it is very diffi-
cult to provide one bandsaw blade which is capa-
ble of cutting all materials from easy-to-cut
materials to hard-to-cut materials.

Conventionally, in a bandsaw blade developed
for cutting difficult-to-cut materials, the heights of
the teeth are made different to increase the feeding
force of specified teeth. In a bandsaw blade for
cutting difficult-to-cut materials, the longer or
larger teeth only carry out the cutting of the work-
piece, and the shorter or smaller teeth are usually
not used. Accordingly, in this type of bandsaw
biade the long teeth carry the major share of the
load, and along with the problem of severe abra-
sion, the bandsaw blade which was cutting the
workpiece is bent into the form of an arc. In the in-
stant that it finishes cutting the workpiece, the dis-
appearance of the resistance in the direction of the
cut causes it to immediately revert to a straight
line. Accordingly, if a small mass of material,
which has not been cut, remains in the form of
small protruding sections (burrs), and the short
teeth, which for all practical purposes carried no
load, are stricken by the burrs so that the teeth are
easily fractured.

In addition, in a bandsaw blade with teeth of dif-
ferent lengths, there is the problem that the inside
corners of the tips of short teeth which are op-
posedly set, specifically the ieft corner of right-set
teeth, and the right corner of left-set teeth looking
from the direction of the cut, are obstructed by the
long teeth and do no cutting whatever.

Also, in a sawblade with differing teeth heights it
is usual to continuously join the short right-set
teeth and left-set teeth. For this reason, there is
also the problem that the long teeth which are po-
sitioned in the direction of the cut next to the op-
posedly set short teeth receive an especially large
load.

In today’s advanced technology, machine tools
are required to be of high precision and high effi-
ciency. In a bandsaw machine the precision of the
cut is a big problem.

Specifically, there is a direct relationship be-
tween the bandsaw blade and the accuracy of the
cut of a bandsaw machine. In forming the configu-
ration of the tips of the teeth of the bandsaw
blades, it is usual to set the pattern in the direction
of the thickness of the bandsaw blade (the trans-
verse direction) by combining the bent, opposedly
set teeth and the unset teeth which are not op-
posedly bent.



2

GB2173735 A

10

15

20

25

30

35

40

45

50

55

60

65

For example, a raker set pattern is formed from a
three kinds of teeth in one group (set) that is, a
right-set tooth with the bend carried out in the
right direction, a left-set tooth with the bend car-
ried out in the left direction joined as a pair, and a
unset tooth which is not bent in the left or right di-
rections. It is usual that in the order in the direction
of the advance of the blade, directly in front of the
one unset tooth there is always a right-set tooth or,
in the other case, a left-set tooth, prescribed in the

‘'same direction.

For example, when the cutting order of the teeth
in a raker set is a right-set tooth, followed by a left-
set tooth, then an unset tooth, the tooth before the
unset tooth is always a left-set tooth, and a right-
set tooth precedes a left-set tooth. Here, if taking
the unset tooth as the base in the running direction
of the saw blade, the distance from the unset tooth
to the left-set tooth is one pitch and the distance
from the unset tooth to the right set tooth is two
pitches. Accordingly, because the saw blade de-
scends at a fixed velocity during the sawing of the
workpiece, the feeding amount into the workpiece
is larger when the pitch is larger, and the load is
also larger. Specifically, the left corner of the unset
tooth cuts the portion remaining from the cut by
the left-set tooth, and the right corner of the unset
tooth cuts the portion remaining from the cut by
the right-set tooth. Accordingly, the right corner of
the unset tooth bears a greater load than the left
corner, and the abrasion of the right corner of the
unset tooth is greater than the abrasion of the left
corner. This then gives rise to the problem of abra-
sion occurring on one side of the unset tooth so
that a cut deviation is easily produced.

This problem not only occurs with the raker set,
but is produced in all saw blades in which the con-
figuration is always a right-set tooth or a left-set
tooth immediately before one unset tooth.

At the present time, in the same way that a spe-
cial bandsaw blade must be used for difficult-to-cut
materials, it is necessary to classify bandsaw
blades to be used depending on the material to be
cut specifically for easy-to-cut materials, for large
diameter materials, for small diameter materials
etc.

Summary of the invention

A first object of the present invention is to pro-
vide, with due consideration to the drawbacks of
such conventional devices, a saw blade which can
produce finely divided chips when sawing a work-
piece with a saw blade while improving the dis-
chargeability of these chips, and in addition obtain
an improvement in the cutting rate and life of the
sawblade.

A second objective of the present invention is to
provide a saw blade in which all teeth take part in
cutting the workpiece, in which all teeth carry an
equal load, and in which tooth breakage hardly oc-
curs.

A third objective of the present invention is to
provide a saw blade in which the vibration and de-
viation in the direction of the saw blade width is
small.
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A fourth objective of the present invention is to
provide a saw blade in which all teeth take part in
sawing the workpiece, in which a small load is
borne by higher or larger teeth which are posi-
tioned next to shorter or smaliler teeth, in which
the load on each tooth is more uniform, in which
abrasion occurs evenly, and in which deviation in
the cut is difficult to produce.

A fifth objective of the present invention is to
provide a saw blade in which, when cutting a
workpiece, such as, for example, a round rod in
which, just before the cut is completed, the length
of the cut becomes short, or a workpiece such as
shape steel or pipe, in which the length of the cut
abruptly changes, the shock is small when the cut
is completed and the length of the cut abruptly
changes, and tooth breakage is not easily pro-
duced.

A sixth objective of the present invention is to
provide a saw blade in which all materials, from
difficult-to-cut materials to easy-to-cut materials
can be cut with the same saw blade.

A seventh objective of the present invention is to
provide a saw blade in which alf materials from
large diameter materials to small diameter mate-
rials can be cut with the same saw blade.

In order to accomplish these objects, in the pres-
ent invention the trailing teeth which cut into the
workpiece later are made shorter or smaller than
the leading teeth which first cut into the workpiece,
the bend to the left or right in the shorter or
smaller teeth is larger than the bend to the left or
right of the longer or larger teeth, so that the width
of the set is larger in the smaller teeth, and a dif-
ference in level is provided for each tooth in the di-
rection of the tooth height and the direction of the
width of the set.

In addition, a plurality of trailing teeth are pro-
vided as a suitable number of pairs, which are
pairs made up of a left-set tooth and a right-set
tooth, and the tooth height from the base position
to the tips of each pair of trailing teeth is the same
size or smaller than the tooth height from the base
position to the tips of the leading teeth. Also, the
set width of the pairs of shorter teeth is larger than
the set width of the pairs of longer teeth in the
trailing teeth.

An eighth object of the present invention is to
provide a saw blade in which it is difficult to pro-
duce a deviation when the workpiece is being cut,
and the abrasion of the tips of the teeth of the saw
blade is uniform in relation to the total length of
the saw blade. :

In order to accomplish this object of the present
invention, the cutting operation immediately before
the unset teeth of the saw blade is performed re-
peatedly by a suitable number of either right-set
teeth or left-set teeth, so that abrasion at the tips
of the teeth of the sawblade is uniform along the
entire periphery and it is difficult to produce a de-
viation.

Brief description of the drawings
These and other objects, features and advan-
tages of the present invention will become more
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apparent from the following description of a pre-
ferred embodiment taken in conjunction with the
accompanying drawings, in which:

Figure 1 (a) is a front elevation showing one em-
bodiment of the bandsaw blade of the present in-
vention.

Figure 1 (b} is a sectional drawing viewed along
the line b-b in Figure 1 (a).

Figure 1 (c) is a bottom view of the bandsaw
blade of Figure 1 (a).

Figure 2 (a) is a front elevation showing a sec-
ond embodiment of the bandsaw blade of the
present invention.

Figure 2 (b) is a sectional drawing viewed along
the line b-b in Figure 2 (a).

Figure 2 (c] is a bottom view of the bandsaw
blade of Figure 2 (a).

Figure 3 (a) is a front elevation showing a third
embodiment of the bandsaw blade of the present
invention.

Figure 3 (b) is a sectional drawing viewed along
the line b-b in Figure 3 (a).

Figure 4 (a) is a front elevation showing a fourth
embodiment of the bandsaw blade of the present
invention.

Figure 4 (b) is a sectional drawing viewed along
the line b-b in Figure 4 (a).

Figure 4 (c) is a bottom view of the bandsaw
blade of Figure 4 (a).

Figure 5 (a) is a front elevation showing a fifth
embodiment of the bandsaw blade of the present
invention.

Figure 5 (b) is a sectional drawing viewed along
the line b-b in Figure 5 (a).

Figure 5 (c] is a bottom view of the bandsaw
blade of Figure 4 (a).

Figure 5 (d) is a sectional drawing showing a
section of a sixth embodiment of the present in-
vention equivalent to the section shown in Figure 5
(b).

Figure 5 (e) is a sectional drawing showing a
section of a seventh embodiment of the present in-
vention equivalent to the section shown in Figure 5
(b}.

Figure 6 (a) is a front elevation showing an eight
embodiment of the bandsaw blade of the present
invention.

Figure 6 (b) is a sectional drawing viewed along
the line b-b in Figure 6 (a).

Figure 6 (c) is a bottom view of the bandsaw
blade of Figure 6 (a).

Figure 7 (a) is a front elevation showing a ninth
embodiment of the bandsaw blade of the present
invention.

Figure 7 (b) is a sectional drawing viewed along
the line b-b in Figure 7 (a).

Figure 7 (c) is a bottom view of the bandsaw
blade of Figure 7 (a).

Figure 7 (dJ is a sectional drawing showing a
section of a tenth embodiment of the present in-
vention equivalent to the section shown in Figure 7
{b).

Figure 7 (e} is a sectional drawing showing a
section of an eleventh embodiment of the present
invention equivalent to the section shown in Figure
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7 (b). ,

Figure 7 (f] is a sectional drawing showing a sec-
tion of a twelfth embodiment of the present inven-
tion equivalent to the section shown in Figure 7
(b).

Figure 8 (a] is a front elevation showing a thir-
teenth embodiment of the bandsaw blade of the
present invention.

Figure 8 (b) is a sectional drawing viewed along
the line b-b in Figure 8 (a).

Figure 8 (c) is a bottom view of the bandsaw
blade of Figure 8 (a).

Figure 9 (a) is a front elevation showing a four-
teenth embodiment of the bandsaw blade of the
present invention.

Figure 9 (b) is a sectional drawing viewed along
the line b-b in Figure 9 (a).

Figure 10 is an enlarged sectional drawing of a
fifteenth embodiment of the present invention,
showing one example of a group of seven teeth.

Figure 11 is an enlarged sectional drawing of a
sixteenth embodiment of the present invention,
showing a modification of the example of Figure
10.

Figure 12 is an enlarged sectional drawing of a
seventeenth embodiment of the present invention,
showing one more modification of an example of a
group of seven teeth.

Figure 13 is an enlarged sectional drawing of an
eighteenth embodiment of the present invention,
showing one example of a group of eight teeth.

Figure 14 (a) is a front elevation showing a nine-
teenth embodiment of the bandsaw blade of the
present invention.

Figure 14 (b} is a sectional drawing viewed along
the line b-b in Figure 14 (a).

Figure 14 (c) is a bottom view of the bandsaw
blade of Figure 14 (a). )

Figure 15 (a) is a front elevation showing a twen-
tieth embodiment of the bandsaw blade of the
present invention.

Figure 15 (b) is a sectional drawing viewed along
the line b-b in Figure 15 (a).

Figure 15 (c) is a bottom view of the bandsaw
blade of Figure 15 (a).

Figure 16 (a) is a front elevation showing a
twenty-first embodiment of the bandsaw blade of
the present invention.

Figure 16 (b} is a sectional drawing viewed along
the line b-b in Figure 16 (a).

Figure 16 (c) is a bottom view of the bandsaw
blade of Figure 4 (a).

Figure 16 (d) is a sectional drawing showing a
section of a twenty-second embodiment of the
present invention equivalent to the section shown
in Figure 16 (b).

Figure 16 (e) is a sectional drawing showing a
section of a twenty-third embodiment of the pres-
ent invention equivalent to the section shown in
Figure 16 (b).

Figure 17 (a) is a front elevation showing a
twenty-fourth embodiment of the bandsaw blade
of the present invention.

Figure 17 (b} is a sectional drawing viewed along
the line b-b in Figure 17 (a).
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Figure 17 (c) is a bottom view of the bandsaw
blade of Figure 17 (a).

Figure 18 is an enlarged sectional drawing of a
twenty-fifth embodiment of the present invention,
and is an explanatory drawing of the position of
the bend for setting the sawteeth.

Figure 19 (a) is a front elevation showing a
twenty-sixth embodiment of the bandsaw blade of
the present invention.

Figure 19 (b} is a sectional drawing viewed along
the line b-b in Figure 19 (a).

Figure 19 (c) is a botiom view of the bandsaw
blade of Figure 19 (a).

Figure 19 (d) is a bottom view of a bandsaw
blade showing the status of the abrasion of the
tips of each tooth.

Figure 20 (a) is a front elevation showing a
twenty-seventh embodiment of the bandsaw blade
of the present invention.

Figure 20 (b) is a sectional drawing viewed along
the line b-b in Figure 20 (a).

Figure 20 (c) is a bottom view of the bandsaw
biade of Figure 20 (a).

Figure 20 (d) is a sectional drawing showing a
section of a twenty-eighth embodiment of the
present invention equivalent to the section shown
in Figure 20 (b).

Figure 20 (e} is a sectional drawing showing a
section of a twenty-ninth embodiment of the pres-
ent invention equivalent to the section shown in
Figure 20 (b).

Description of the preferred embodiment

A preferred embodiment of the present invention
is now explained with reference to the accompany-
ing drawings, and examples are given of the case
where the present invention relates to bandsaw
blades. However, the present invention is not re-
stricted to bandsaw blades, but can also be imple-
mented for many other types of saw blades, such
as circular saw blades, hacksaw blades, and the
like.

Now referring to Figures 1 (a) to (c), a saw blade
1 basically comprises a group (set) of teeth made
up of a leading tooth 3 which, when a workpiece
W is being cut, proceeds in the direction of the cut
to be made in the workpiece W {(the direction of
the arrow A in the drawings to cut the workpiece
W, and a plurality of trailing teeth 5 and 7 which
cut the workpiece W later than the leading tooth 3.
For the leading tooth 3, in the case where, for ex-
ample, the center of the width of the sawblade 1 is
taken as the base position F (in the case of a circu-
lar saw blade, the center of the circle), the height
3H of the tooth from this base position F to the tip
3P of the tooth is formed larger than the heights
5H and 7H of a plurality of teeth 5 and 7 from the
basic position F to the tips 5P and 7P of the teeth.
The heights 5H and 7H of these trailing teeth 5 and
7 are different, with the tooth height 5H formed
larger than the other tooth height 7H. Specifically,
the leading tooth 3 and the trailing teeth 5 and 7
are formed with a difference in height in the direc-
tion in which the workpiece is cut, as is shown
more clearly in Figure 1 (b).
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As is shown more clearly in Figure 1 (b), the
leading tooth 3 is formed as an unset tooth which
is not bent in the direction of the width (hereafter
referred to as the transverse direction) of the saw
blade 1, in the case of viewing in the direction op-
posite to the running direction (the direction of the
arrow B in the drawing) of the saw blade relative
to the workpiece W. The trailing teeth 5 and 7 are
bent in opposing directions and are formed as
right-set and left-set teeth respectively.

With the saw blade 1 formed in the above fash-
jon, when the workpiece W is being cut, the saw-
blade 1 moves in the direction of the cut to cut the
workpiece W and on moving near to the workpiece
W, first the leading tooth 3, which is the tooth with
the greatest length (3H), cuts into the workpiece W.
Next, the trailing tooth 5 with the next greatest
jength (5H), and then the following trailing tooth 7,
cut into the workpiece. Specifically, the teeth cut
into the workpiece W in order, beginning with the
longest tooth.

The leading tooth 3 is an unset tooth so that,
when this leading tooth 3 cuts into the workpiece
W, it is not subjected to force components in the
left and right directions, and cuts into the work-
piece W in a straight line. Next, when the trailing
tooth 5 cuts into the workpiece, because this trail-
ing tooth 5 is a right-set tooth it cuts so that it wid-
ens the right side of the leading cut groove made
by the leading tooth 3. In the same manner, the
trailing tooth 7 cuts so that it widens the left side
of the leading cut groove made by the leading
tooth 3.

Specifically, with this embodiment of the present
invention, the workpiece W is cut by the leading
tooth 3 and the trailing teeth 5 and 7. Because the
leading tooth 3 and the trailing teeth b and 7 cut
the workpeice W together, the chips produced dur-
ing the sawing action are of a small size.

As previously discussed, when the saw biade 1
is cutting the workpiece W, the trailing tooth b,
which is a right-set tooth, has a tendency to veer
to the Ieft as a result of the component of the cut-
ting resistance. Moreover, because it is a set tooth,
as shown in Figure 1 (c), a side clearance angle 6
(theta), slightly to the rear relative to the transverse
direction, is formed because of the application of
the component of the force in the transverse direc-
tion, and there is a tendency to cause a vibration in

‘the transverse direction. In the same way, when

the trailing tooth 7 cuts into the workpiece W there
is also a tendency to cause a vibration in the trans-
verse direction. Moreover, when the trailing teeth 5
and 7 cut into the workpiece W, the tip 3P of the
Jeading tooth 3 does not receive a force compo-
nent in the transverse direction but always cuts
straight ahead in the direction of the cut, so that
the vibration in the transverse direction from the
trailing teeth 5 and 7 is suppressed, and the trail-
ing teeth 5 and 7 are always guided straight ahead
by the leading cut groove which is formed by the
tip 3P of the leading tooth 3. Accordingly, the abil-
ity to cut straight forward is better than that found
conventionally, and a cut is obtained with only a
small deviation.
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The above embodiment was explained in the
case where the leading tooth 3 is an unset tooth.
However, it is possible, as shown in Figures 2 (a)
to {c), to have a pair of transverse set teeth 3L, 3R,
very slightly bent in the transverse direction but
otherwise formed the same as in the embodiment
shown in Figures 1 (a) to (c). Furthermore, in Fig-
ures 2 (a) to (c), the case is shown where the trail-
ing teeth 5, 7 are set in the opposite direction to
the case of the example shown in Figures 1 (a) to
(c). In the configuration of this embodiment, the
function and effect obtained are the same as for
the previous embodiment.

In addition, in the case of the configuration in
which a plurality of tips 3C, 5C, and 7C with fantail-
shaped cross-sections are fixed to each tooth 3, 5,
and 7 of the saw blade 1, in a plectrum shape as
shown in Figures 3 (a) and (b), the height of each
tip 3C, 5C, and 7C differs, and by means of the
configuration where the smaller the height the
greater the width of the tip, the function and effect
obtained are the same as for the previous embodi-
ment.

In the previous embodiments, in order that the
leading tooth 3 and the trailing teeth 5 and 7 have
different heights 3H, 5H and 7H, it is possible to
form the teeth heights 3H, 5H, and 7H in suitable
stages at different heights by forming the tips of
the teeth 3, 5, and 7, for example, with a cutter, or
by a means where the tips of the teeth are suitably
bent by a striking force in the running direction of
the saw blade. Further, as shown in Figure 4 (a), it
is desirable to have the configuration whereby the
tip 3P of the leading tooth 3 and the tips 5P and 7P
of the trailing teeth 5 and 7 are positioned on a
straight line suitably inclined to the running direc-
tion B of the saw blade 1, or are positioned on an
arc of a circle with a suitable radius R. In this way,
a configuration where the tips 3P, 5P, and 7P of the
teeth 3, 5, and 7 are positioned on a straight line or
on an arg, is easily formed by making the teeth 3,
5, and 7 of equal height, setting the trailing teeth 5
and 7 by bending in the transverse direction, after
which, as shown in Figure 4 (b), they are subjected
to a grinding process by means of a grinding
wheel GW whose center is set on the centerline of
the thickness of the saw blade 1.

In the above manner, it is desirable to grind the
tips 3P, 5P, and 7P of the teeth 3, 5, and 7 by
means of the grinding wheel GW, to form a plural-
ity of comparatively large flanks 5r and 7r on the
trailing teeth 5 and 7, to strengthen the tips 5P and
7P. In addition, the tips 3P, 5P, and 7P of the teeth
3, 5, and 7, as is clearly shown in Figure 4 (b), be-
come the form of an arc which has its center on
the centerline L of the width of the saw blade 1,
which improves the centripetal tendency and im-
proves the marking-off operation of both angles of
the tip 3P of the tooth 3, and further improves the
tendency to travel straight ahead. In addition, as
clearly shown in Figure 4 (c), the side clearance an-
gles 8, 8’ of the tips 3P, 5P, and 7P of the trailing
teeth 3, 5, and 7 shown in Figure 1 {c) become
small, and the tendency to veer in the transverse
direction, and the tendency to cause vibration also
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become small.

The explanations of the above embodiments
were made for the case where there is either one
unset leading tooth 3 or a pair of set teeth with a
very slight bend in the transverse direction, along
with two trailing teeth 5 and 7 set in the transverse
direction, making up one group of teeth. However,
the number of teeth in one group is optional. For
example, any desired number of teeth .. such as 4,
5,6, 7, 8,9 ... can be selected to form a group, and
the difference in height and difference in set width
between the teeth can be suitably formed.

Figures 5 (a) to (c) show a saw blade in which
there are four teeth in a group. In the saw blade 1,
both corners of the leading tooth 3 are ground and
an inclined section 3B, of which both sides are in-
clined at the same inclination, is formed. In the ex-
ampie, the tip of the leading tooth 3 is shown to be
formed in almost a V-shape. In this embodiment of
the present invention, one group comprises the
leading tooth 3 with a height 3H, and a second
leading tooth 3S with the same dimension, along
with a pair of trailing teeth 5 and 7. The second
leading tooth 3S may also have a height which is
slightly less than that of the leading tooth 3. By the
formation of the inclined section 3B at the tip of
the leading tooth 3, the remaining uncut section is
therefore cut.

Specifically, by means of this embodiment, when
the workpiece is being cut by the leading tooth 3,
chips are produced which are thinner than the
width of the leading tooth 3, and when the work-
piece is being cut by the second leading tooth 3S,
chips are produced which are proportionate to the
remaining uncut section due to the inclined section
3B of the leading tooth 3. The size-reduction of
these chips is improved, and the ease-of-discharge
of the chips from the teeth 3, 3S, 5, and 7 is im-
proved. In addition, the leading tooth 3 and the
second leading tooth 3S are not subjected to a
force component in the transverse direction but cut
straight ahead in the direction of the cut. The ac-
tion and effect are the same as for the previous
embodiment. Incidentally, although it is desirable
that the second leading tooth 3S be provided to
produce chips which are even more finely divided,
the second leading tooth 3S is not absolutely nec-
essary. For example, as shown in Figure 5 (d), it is
possible to eliminate the second leading tooth 3S.
In addition, in this embodiment of the present in-
vention, the heights 5H and 7H of the trailing teeth
5 and 7 are shown as being identical, for the pur-
pose of illustration. However, these heights may
also be different. Also, as in the previous embodi-
ment, the tips of the teeth 3, 3S, 5 and 7 can be
formed on the arc of a circle. Furthermore, to give
more finally divided chips, it is possible to use a
number of configurations, such as a U-shaped or
V-shaped notch 3N in the tip of the leading tooth 3,
as shown in Figure 5 (e). In this case, the V-shaped
portion which remains uncut as a result of the for-
mation of the notch 3N is cut by the second lead-
ing tooth 3S.

As indicated above, in order that when the chips
are finely divided, the discharge of the chips is im-
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proved, it is desirable to mutually provide a chips
removal channel 11, extending over the body of
the saw blade 1 in the lower part of the gullet G of
the teeth 3, 35, 5, and 7 as shown in Figures 6 (a)
to (c). It is desirable that the chips removal channel
11 be provided to correspond with the direction of
set of the set teeth. In the case of a right-set tooth,
for example, the chips removal channel 11 should
be formed on the right side of the body of the saw
blade 1. It is also desirable that the chips removal
channel be formed in a direction slightly inclined
relative to the cutting direction of the saw blade 1
in the opposite direction of the running direction of
the sawblade 1.

Figures 7 (a) to (c) illustrate an embodiment of
the present invention in which five teeth form one
group. This group comprises the leading tooth 3, a
right-set tooth 3R and a left-set tooth 3L which had
the same height as the leading tooth 3 in the con-
dition before they are bent left or right for setting,
and a pair of trailing teeth 5 and 7. Although the
heights of the set teeth 3R and 3L may be the
same, they may also differ as shown in Figure 7
{d). In addition, the heights of the trailing teeth 5
and 7 may also differ. The tip of the leading tooth
3 may be formed in a V-shape, as in a previous
embodiment, or it may be formed as an arc of a
circle. It is also possible to provide a notch in the
top of the tooth.

In a possible configuration for a group of five
teeth, in the case where the tip of the leading tooth
3 is formed almost in a V-shape, as shown in Fig-
ure 7 {e), the tip of an unset tooth 13, which is the
next highest tooth to the leading tooth 3, is formed
in a V-shape wider than that of the leading tooth 3.
Also, an unset tooth 15, which is the third highest
tooth in the group, is provided, as well as the trail-
ing teeth 5 and 7.

Furthermore, as shown in Figure 7 (f), in the case
where the notch 3N is formed in the tip of the
leading tooth 3, it is desirable to provide a plurality
of pairs of suitable trailing teeth 5R, 5L, 7R, 7L to
cut the portion of the workpiece which is left by
the notched section 3N.

Figures 8 (a) to (¢} show one group made up of
six teeth - the leading tooth 3, the second leading
tooth 3S, the opposedly set teeth 3R and 3L, and
the frailing teeth 5 and 7 - in which the tip of the
leading tooth 3 is formed almost in a V-shape. In
this embodiment also, the shorter trailing teeth 5
and 7 are formed with a rather large set width, and
each of these teeth is different in height and in set
width. All these teeth are formed to carry out a
cutting action. Specifically, the load on each tooth
is equal, and the chips are reduced in size so that
discharge of the chips is improved.

Figures 9 (a) and (b) show a different type of six-
tooth group. This group comprises the leading
tooth 3, the pair of trailing teeth 5R, 5L of medium
height, and the pair of trailing teeth 7R, 7L, which
have the smallest height, positioned in the appro-
priate order.

Figures 10 to 12 show the cross-section of a saw
blade in which a group contains seven teeth, and
in which the pairs of shorter trailing teeth are
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formed with a rather wideer set. In addition, in Fig-
ure 11, the width of the set of the pair of trailing
teeth 7R, 7L and the width of the set of the pair of
trailing teeth 9R, 9L are the same. In this embodi-
ment of the present invention, the trailing teeth 9R,
9L perform the finishing cut. Specifically, because
the trailing teeth 7R, 7L are set teeth, they have a
tendency to veer slightly to the inner direction
while the cut is being made, and the last trailing
teeth 9R, 9L cut the section equivalent 1o the
amount of this veering. In this embodiment the
heights of the trailing teeth 7R, 7L and the trailing
teeth 9R, 9L are different, but it is possible to make
them the same.

The embodiment shown in Figure 12 is the em-
bodiment of Figure 7 (e) with two trailing teeth
added.

Figure 13 shows an embodiment of the present
invention in which eight teeth comprise one group.
The tip of the leading tooth 3 is shown formed in
almost a V-shape. This embodiment is equivalent
to the embodiment of Figure 10 with the tip of the
leading tooth in the V-shape added.

In effect, in all of these embodiments there is a
difference in height between the leading tooth and
the plurality of trailing teeth. There is also a differ-
ence in the width of the set, and the configuration
is such that all the teeth perform a cutting action.
According to experiments, it is desirable to have a
difference of 0.04 mm or more between the
heights of the teeth and between the widths of the
set on one side, for most effective cutting.

As is made clear in the explanation of the above
embodiments, in the present invention there is a
difference between the heights of the leading teeth
of the saw blade and the heights of the trailing
teeth. The shorter trailing teeth have a rather wider
set, whereby these set widths are different.

Accordingly, when a workpiece is cut by a saw
blade of the present invention, all the teeth on the
saw blade participate in the cutting action, and the
chips produced during the cutting are reduced in
size, so that the cutting rate is improved and the
load on each tooth is equal.

From the fact that all the teeth do the cutting and
there is an equal load on each tooth, no tooth re-
ceives a concentrated foad, and when the length of
the cut is abruptly reduced, the shock is small. The
amount of tooth breakage is small, and each tooth
receives a uniform amount of abrasion, so that the
life of the saw blade is extended.

In addition, because there is a difference in the
heights of the leading tooth and the plurality of
trailing teeth in the saw blade, the higher leading
tooth does not receive a force component in the
transverse direction and always cuts straight
ahead, so that its ability to cut straight ahead is
improved. Accordingly, the deviation and vibration
of the saw blade is the direction transverse to the
line of cut is extremely small in comparison to
conventional saw blades.

From the fact that the load is applied uniformly
to each of the teeth, the load is apportioned to
each tooth when the workpiece is being cut. Ac-
cordingly, the load on each tooth is comparatively
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small so that difficult-to-cut materials can also be
handled, and the same saw blade can be used to
saw difficult-to-cut materials and easy-to-cut mate-
rials.

5 In addition, all the teeth in the saw blade cut the
workpiece, and the chips produced when the work-
piece is cut are extremely finely divided so that the
discharge of these chips from the space between
the body of the saw blade and the channel of the

10 cut is improved. Therefore, the chips do not collect
in the gullets between the teeth, making it possible
to easily perform a long cut in a workpiece. The
same saw blade can be used to cut any size of
workpiece from small diameter to large diameter.

15  The present invention is not limited to the previ-
ously described embodiments but by making suita-
ble changes can be implemented in other forms.
For example, it is possible to respectively combine
suitable elements such as - making the arrange-

20 ment of the leading tooth and the plurality of trail-
ing teeth in a varied order; making the tips of all
teeth in the form of an arc; making the ieading
tooth almost V-shaped and forming a notch in the
tip; forming a cutting removal channel in the gul-

25 let; and positioning the tips of the leading tooth
and the trailing teeth in stepped form, in straight-
line form, or in the form of the arc of a circle. If
required, the pitch of the teeth can be suitably
changed.

30 Now referring to Figures 14 (a) to (c), the saw
blade 1, as a still further embodiment of the pres-
ent invention, is provided with a group (set) of
teeth comprising the leading tooth 3 and a right-
set tooth 7R and a left-set tooth 9L which are first

35 trailing teeth which perform the cutting of a first
stage leading channel widening cut, and a left-set
tooth 5L and a right-set tooth 11R which are sec-
ond trailing teeth which perform the cutting of a
second stage leading channel widening cut.

40 The leading tooth 3 has a height of 3H from the
basic position F to the tip 3P of the tooth, which
height is larger than the heights 5H, 11H of the
second trailing teeth 5L, 11R from the basic posi-
tion F to the tips 5P, 11P. The heights 7H, 9H of the

45 first trailing teeth 7R, 9L from the basic position F
to the tips 7P, 9P are the same as the height 3H of
the leading tooth 3. However, the heights 7H, 9H
may also be less than the height 3H of the leading
tooth 3.

50  Specifically, the leading tooth 3 and the first
trailing teeth 7R, 9L, and the second trailing teeth
5L, 11R, as is clearly shown in Figure 14 (b), are
formed at different levels in the direction of the
line of cut of the workpiece.

55 In this embodiment of the present invention, the
second trailing teeth 5L, 11R are the shortest teeth,
and, as clearly shown in Figure 14 (a), because
they are not positioned consecutively, the first
trailing tooth 7R and the leading tooth 3, which are

60 high teeth and follow the second trailing teeth 5L,
11R, bear a load corresponding to one pitch be-
tween the leading tooth and the short second trail-
ing tooth. Accordingly, comparing with the two
consecutive short trailing teeth bear a load corre-

65 sponding to two pitches, the load is comparatively
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reduced.

This embodiment was explained for the case
where the leading tooth 3 is an unset tooth. How-
ever, as shown in Figures 15 (a) to (c), it is possible
for this embodiment to have a configuration
wherein, instead of one unset tooth, there is a pair
of set teeth 3L, 3R set very slightly in opposing di-
rections, while the rest of the embodiment is the
same as the embodiment illustrated in Figures 14
(a) to (c).

The action and effect of the embodiment with
this configuration is exactly the same as the pre-
vious embodiment.

Figures 16 (a) to (c) show a saw blade in which
there are six teeth in a group. In the saw blade 1,
both corners of the leading tooth 3 are ground and
an inclined section 3B of which both sides are in-
clined at the same inclination is formed. In the ex-
ample, the tip of the leading tooth 3 is shown to be
formed in almost a V-shape. In this embodiment of
the present invention, one group comprises the
leading tooth 3 with a height 3H, and a second
leading tooth 3S with the same dimention, along
with two pairs of trailing teeth 7R, 9L and 5L, 11R.
The second leading tooth 3S, which may aiso have
a height which is slightly less than that of the lead-
ing tooth 3, can cut the remaining section which is
remained uncut due to the inclined section 3B
formed at the tip of the leading tooth 3.

Specifically, by means of this embodiment, when
the workpiece is being cut, chips corresponding to
the width of the tip of the V-shaped section are
produced, and when the workpiece is being cut by
the second leading tooth 3S, chips corresponding
to the portion left uncut due to the inclined portion
3B are produced. The reduction to small size of
these chips is further improved. In addition, the
leading tooth 3 and the second leading tooth 3S
are not subjected to a force component in the
transverse direction but always cut straight ahead
in the direction of the cut so that the ability to cut
straight ahead is improved. The action and effect
are the same as for the previous embodiment. Inci-
dentally, although it is desirable that the second
leading tooth 3S be provided to produce chips
which are even more finely divided, the second
leading tooth 3S is not absolutely necessary. For
example, as shown in Figure 16 (d), it is possible
to eliminate the second leading tooth 3S. Further-
more, as a configuration to promote more finely
divided chips, as shown in Figure 16 (e), it is possi-
ble to form a notch or notches 3N in the tip of the
leading tooth 3. This notch may take a suitable
form such as a V- or U-shape. In this case, the sec-
ond leading tooth 3S cuts the portion that is left
uncut because of the formation of the notch 3N.

Now referring to Figures 17 (a) to (c), when the
saw blade 1 basically cuts the workpiece W, in the
direction of the cut into the workpiece W (the di-
rection of the arrow A in the drawing), the leading
tooth 3 which performs the cutting of the work-
piece and the first trailing teeth 9L, 7R which per-
form the cutting of a first stage leading channel
widening cut, and the second trailing teeth 5L, 11R
which perform the cutting of a second stage lead-
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ing channel widening cut, and a plurality of third
trailing teeth 13L, 15R which work as buffer teeth
to reduce the load on the leading tooth 3 {(unset
tooth), are provided as one group (set). The third
trailing teeth 13L, 15R, in the case where, for ex-
ample, the basic position F is the center of the -
width of the saw biade 1, are formed at medium
heights of 13H and 15H from the basic position F
to the tips 13P and 15P, placing them between the
second trailing teeth 5L, 11R which have heights of
5H and 11H from the basic position F to the tips 5P
and 11P, and the leading tooth 3 which has a
height of 3H from the basic position F to the tip 3P.
The teeth heights 5H and 11H may be the same or
may differ. In addition, the teeth heights 13H and
15H may also be the same or may differ.

With the prerequisite that the magnitude of the
set of the buffer teeth 13L, 15R is smaller than or
the same as that of the second trailing teeth 5L,
11R, these teeth can be set optionaily. In addition,
they can be unset teeth which are not bent trans-
versely.

Specifically, in the case where the cutting order
of the saw blade goes from the shorter tooth to the
higher tooth, a medium-height buffer booth is pro-
vided between the shorter tooth and the higher
tooth to moderate the shock on the following
tooth.

Now referring to Figure 18, this embodiment of
the saw blade of the present invention shows one
example of a saw blade provided with a group of
the leading tooth 3 which, when the workpiece w
is being cut, carries out the leading cut in the line
of cut of the workpiece, and a plurality of trailing
teeth 7R and 9L, which cut into the workpiece later
than the leading tooth 3 and whose function is to
widen the leading cut groove made by the leading
tooth 3. The heights of the trailing teeth 7R, 9L are
less than the height of the leading tooth 3 from the
basic position to the tip of the tooth.

Here, the dashed line shows the case where the
set of the trailing tooth is performed from the bend
position m, and the broken line shows the case
where the set is performed from the bend position
n closer to the tooth tip. In addition, the magnitude
of the set of the teeth 7R, 9L is the same, and the
tooth shown by the dashed line and the tooth
shown by the broken line are formed at the same
height before performing the setting.

As clearly shown in Figure 18, the tooth which is
set from a bend-point n, which is close to the tip,
has a larger tooth tip inside corner section, which
is the tooth tip corner section in the direction op-
posite to the setting direction, than the tooth which
is set from a bend point m which is farther away
from the tip, and that tooth is longer by the length
d.

In short, in the case where the feeding amount
of the leading tooth 3 is large, the tooth which is
set from the bend-point n has an inside tip corner
which will do more work than one set from the
bend-point m, and a buffering effect against the
load produced on the leading tooth 3 is obtained
from this tooth itself.

in this example, another teeth are shown unset.
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However, if this another teeth were set, it would be
preferable to set the bending position closer to the
tip in the trailing tooth which has the greatest
amount of set and the shortest length of tooth,
than in the tooth with a small magnitude of set.

As may be understood from the foregoing expla-
nation, in this embodiment, the trailing teeth are
provided so that two shorter teeth are not posi-
tioned consecutively, and the cut by the higher
tooth which carries out the subsequent cut in the
running direction of the saw blade is of a magni-
tude at which the saw blade lowers during the
movement of two-pitch length corresponding to
one shorter or smatler tooth. The load produced on
the higher or larger tooth which makes the cut
subsequent to the shorter or smaller tooth is
smaller when compared to that of conventional
saw blades.

In addition, in this embodiment, in the case
where the cutting sequence is from the short tooth
to the high tooth, the load on the high tooth can
be reduced in comparison with a conventional load
by provision of a trailing tooth of medium height
to function as a buffer tooth between the short
tooth and the long tooth.

Furthermore, in the present invention, the set
bend-point for a shorter tooth with maximum mag-
nitude of set is positioned closer to the tip of the
tooth than the bend-point for one with a smaller
amount of set, so that the inside corner of such a
tooth performs better work, and an effective buff-
ering action against the load produced on the high
tooth is provided by the tooth itseif.

In all cases of the present invention, there is a
difference in height and in set width between the
leading tooth and the plurality of trailing teeth, and
all teeth contribute to making the cut in the work-
piece. Accordingly, the chips are reduced to small
size and their ease-of-discharge is improved, and
the cutting rate is improved. Aiso, the short teeth
are positioned non-consecutively, and, the provi-
sion of buffering teeth reduces the load on the
leading teeth, which has a considerably large effect
on the ability of the saw blade to cut in a straight
line. Accordingly, the load applied against each
tooth becomes more uniform, so that uniform
abrasion occurs, the saw blade is more resistant to
veering from a straight cut, and the life of the
blade is extended.

In addition, with the saw blade of the present in-
vention, because the load on each tooth is uni-
form, and the cut is performed in a balanced
manner so that no work done by a transversely set
tooth is wasted, any movement in the direction of
the width of the tooth is small. It therefore be-
comes possible to saw easy-to-cut materials and
difficult-to-cut materials using the same saw blade.
Furthermore, the chips produced with the saw
blade of the present invention are finely divided
which has the effect of improving their dischargea-
bility, and both large diameter and smail diameter
materials can be cut with one type of saw blade.

The method used to reduce the load on the
heavily loaded teeth in the saw blade of the pres-
ent invention can be applied in practice to all saw
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blades.

Now referring to Figures 19 (a) to (d), the saw
blade 1 is comprised in the right-set teeth 3R, 7R,
13R, the left-set teeth 5L, 11L, 15L, and the unset
teeth 9S, 17S for cutting the workpiece W as one
group (set) of eight teeth.

These teeth perform the cutting in the following
order - right-set tooth 3R, left-set tooth 5L, right set
tooth 7R, unset tooth 9S, left-set tooth 11L., right-
set tooth 13R, left-set tooth 15L, and unset tooth
17S. With the saw blade 1 shown in this example,
in the order of the running direction of the saw
blade 1 (the direction of the arrow A) when the
workpiece W is being cut, the tooth directly pre-
ceding the unset tooth 9S is the right-set tooth 7R,
and the tooth directly preceding the unset tooth
17S is the left-set tooth 15L.

Specifically, in the order of the direction of the
advance of the saw blade 1 (the direction of the ar-
row A), the teeth immediately preceding an unset
tooth are positioned to avoid having all with the
same direction of set, such as right-set followed by
right-set, or left-set followed by left-set, and the
tooth immediately preceding the unset tooth is
right-set or left-set, equally alternated in the direc-
tion of the length of the saw blade.

As one group of the saw blade 1 shown in Fig-
ures 19 (a) to (d), there are a total of three right-set
teeth - 3R, 7R, and 13R - and a total of three left-set
teeth - 5L, 11L, and 15L. The balance in the trans-
verse direction is therefore equal, and, as previ-
ously discussed, the tooth in the position
immediately preceding the unset tooth 9S is the
right-set tooth 7R. Also, the toath in the position
immediately preceding the unset tooth 17S is the
left-set tooth 15L. Therefore, the positioning in the
order of the running direction of the saw blade 1
(the direction of the arrow A), is such that the teeth
immediately preceding an unset tooth are posi-
tioned to avoid having all with the same direction
of set. Specifically, in this embodiment of the pres-
ent invention, the patterns formed by the unset
tooth 9S and the teeth immediately before and
after are as follows. First, there is a first pattern,
consisting of the three teeth in the order “right-set,
unset, left-set”, in this case, 7R, 9S, 11L. Then,
there is a second pattern in the order “left-set, un-
set, right-set,” in this case, 15L, 17S, 3R. The first
and second patterns are positioned alternately, and
an suitable number of teeth are suitably positioned
between the first pattern and the second pattern.

Accordingly, the abrasion at the tips of these
teeth is as shown in Figure 19 (d). Specifically, the
abrasion at the left corner C1 of the unset tooth 95
is large in comparison with the abrasion at the
right corner C2, and the abrasion at the right cor-
ner C4 of the unset tooth 17S is large in compari-
son with the abrasion at the left corner C3, so that
the left and right abrasion over the entire periphery
of the saw blade 1 is uniform.

This embodiment was explained using one
group (set) of eight teeth comprising three right-set
teeth, which are bent in the right direction, three
left-set teeth, which are bent in the left direction,
and two unset teeth which are not bent trans-
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versely. However, one group of six teeth could also
be used, with the teeth arranged in the order -
right-set tooth, left-set tooth, unset tooth, left-set
tooth, right-set tooth, and unset tooth, in the run-
ning direction of the saw blade. It is also possible
to have the order -right-set tooth, left-set tooth,
right-set tooth, unset tooth repeated in the running
direction of the saw blade, followed by the order -
left-set tooth, right-set tooth, left-set tooth, unset
tooth, repeated.

Now referring to Figures 20 (a) to (c), basically,
when the saw blade 1 is cutting into the workpiece
W, this configuration has one set of twelve teeth
whose order, in the direction of the cut into the
workpiece W (the direction indicated by the arrow
B in the drawing), is the uncut tooth 189S, the right-
set tooth 21R, the left-set tooth 23L, the right-set
tooth 25R, the left-set tooth 271, the right-set tooth
29R, the unset tooth 318, the left-set tooth 33L, the
right-set tooth 35R, the left-set tooth 37L, the right-
set tooth 39R, and the left-set tooth 41L.

The unset teeth 19S and 318, in the case, for ex-
ample, when the basic position F is the center of
the saw blade 1, measure 19H and 31H in height
from the basic position F to the tips 19P and 31P,
which is higher than the left-set tooth 23L, the
right-set tooth 29R, the right-set tooth 35R, and the
left-set tooth 41L which measures 23H, 29H, 35H,
and 41H from the basic position F to the tips 23P,
29P, 35P, and 41P. The heights 21H, 25H, 27H, 33H,
37H, and 39H from the basic position F to the tips
21P, 25P, 27P, 33P, 37P, and 39P of the right-set
tooth 21R, the right-set tooth 25R, the left-set tooth
27L, the left-set tooth 33L, the left-set tooth 37L,
and the right-set tooth 39R are the same as the
heights 19H, 31H of the unset teeth 19S and 31S.
Furthermore, the heights 21H, 25H, 27H, 33H, 37H,
and 39H could also be shorter than the heights
19H, 31H of the unset teeth 19S and 318S.

Also, the sets of the left-set teeth 23L, 41L and of
the right-set teeth 29R and 35R are greater than
those of the left-set teeth 27L, 33L, 37L and of the
right-set teeth 21R, 25R, 39R. Specifically, as more
clearly shown in Figure 20 (b), there is a difference
in height in the direction of the cut into the work-
piece W and in the direction of the set width.

When the workpiece W is cut by means of the
saw blade 1 of the above configuration, the highest
(19H) unset tooth 198 is the first to cut into the
workpiece W followed by the next highest teeth
(21H, 256H, 27H) which are the right-set tooth 21R,
the right-set tooth 25R, and the left-set tooth 27L,
after which the left-set tooth 23L and the right-set
tooth 29R make their cut. Then the unset tooth
318, the left-set tooth 33L, the left-set tooth 37L,
the right-set tooth 39R, the right-set tooth 35R, and
the left-set tooth 41L perform the cutting in that or-
der.

The left-set tooth 23L, the right-set tooth 29R, the
right-set tooth 35R, and the left-set tooth 41L are
shorter teeth, and, as clearly shown in Figure 20
(a), they are not positioned consecutively, so that
the load on the high teeth - the right-set tooth 25R,
the unset tooth 318, the left-set tooth 37L, and the
unset tooth 19S - which follow the left-set tooth
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23L, the right-set tooth 29R, the right-set tooth 36R,
and the left-set tooth 41L is reduced. Furthermore,
the left-set tooth 41L is positioned immediately be-
fore the unset tooth 19S, and the right-set tooth
29R is positioned immediately before the unset
tooth 31S. Specifically, because the teeth posi-
tioned immediately before the unset teeth are ai-
ternated to give an equal number of left-set teeth
and right-set teeth, the tips of the teeth receive the
same amount of abrasion as illustrated in Figure
19 {d) so that the left and right abrasion over the
entire periphery of the saw blade 1 is uniform.

Figures 20 (d) and (e) show another mode of Fig-
ure 20 (b). In Figure 20 (d) both corner sections of
the unset tooth 19S are ground, and both side sec-
tions are formed as inclined sections 19B at the
same inclination. In the example the tip of the un-
set tooth 195 is formed in a V shape. Use of this
embodiment causes the chips to be more reduced
in size, which improves the ease with which they
are discharged as well as improving the ability of
the blade to maintain the cut in a straight line. The
operation and function and the effect of this em-
bodiment are the same as those previously de-
scribed.

In the example shown in Figure 20 {e} a proper
number of suitably-formed V-shaped or U-shaped
notches 19N are formed in the tip of the unset
tooth 19S. In this case, the formation of the notch
19N results in a V-shaped remainder section being
left from the cutting action of the tooth 19S. This
remainder section is removed by the subsequent
cutting action of the unset tooth 31S, resulting in
even finer size reduction of the chips. The opera-
tion and function and the effect of this embodi-
ment are the same as those previously described.

Once again referring to Figures 20 (a) to (c), the
left-set tooth 41L and the right-set tooth 29R which
immediately precede the unset teeth 19S and 313
respectively are shorter teeth. An improved buffer-
ing effect can be added by positioning a tooth of
medium height between the right-set tooth 29R
and the unset tooth 31S, and another tooth of me-
dium height between the left-set tooth 41L and the
unset tooth 19S5, to act as buffer teeth.

From the explanation of this embodiment of the
present invention it can be readily understood that
the present invention relates to a saw blade com-
prising a right-set tooth which is bent to the right,
and a left-set tooth which is bent to the left relative
to the running direction of the saw blade, in com-
bination with an unset tooth which is not bent
transversely. In addition, there is a difference in
height in the direction of cut of the saw blade and
in the direction of set width. A set tooth is pro-
vided immediately preceding an unset tooth so
that a cutting action can be carried out alternately
by a left-set tooth and by a right-set tooth, suitably
repeated. Accordingly, the chips are more reduced
in size, which improves the case with which they
are discharged. The positioning of the tooth imme-
diately preceding the unset tooth along the length
of the saw blade such that all teeth are set in the
same direction is avoided, and both left-side abra-.
sion and right-side abrasion are produced alter-
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nately in the unset teeth, with the overall effect of
even abrasion. Accordingly, in comparison with
conventional saw blades, a cut made with the saw
blade of the present invention hardly veers from
the path of the cut. This feature is especially effec-
tive in high speed cutting and heavy cutting.

In addition, the saw blade of the present inven-
tion can be effectively utilized with ail types of
sets, with the stipulation that either a right-set
tooth or a left-set tooth is positioned immediately
before an unset tooth, and not just with a raker set.

CLAIMS

(1) A saw blade comprising a leading tooth
which performs the cutting of a workpiece and ad-
vances in the feed direction while the workpiece is
being cut, and a plurality of trailing teeth which cut
the workpiece fater than the leading tooth and
serve to widen the leading cut channel which is cut
by the leading tooth, wherein the leading tooth
and the plurality of trailing teeth form one group,
and wherein the heights of the trailing teeth from a
basic position to the tips of the teeth are smaller
than the height of the leading tooth from the basic
position to its tip.

(2) The saw blade of Claim 1 wherein the
heights of the trailing teeth are different.

(3) The saw blade of Claim 1 wherein the
heights of the trailing teeth are different and
wherein the smaller the height of the trailing teeth,
the wider is the set of the trailing teeth in the
transverse direction.

(4) The saw blade of Claim 1 wherein the lead-
ing tooth is an unset tooth with no bend in the
transverse direction, and inclined sections are
formed on both sides of the tip of the tooth.

(5) The saw blade of Claim 1 wherein at ieast
one V-shaped or a U-shaped notch is formed in the
tip of the leading tooth.

{6) The saw blade of Claim 1 wherein a cutting
discharge channel is formed in the guliet of suita-
ble teeth, for directing the chips to the left or the
right side.

(7} The saw blade of Claim 1 wherein the lead-
ing tooth is an unset tooth with no bend in the
transverse direction, and the tip of the tooth is
formed in the shape of a concave arc.

{8) The saw blade of Claim 1 wherein the tip of
the leading tooth and the tips of the trailing teeth
are positioned so that they touch the curve of a
suitable arc or a straight line.

{(8) The saw blade of Claim 1 wherein the Iead-
ing tooth comprises as a pair a left-set tooth which
bends very slightly in the left direction, and a right-
set tooth which bends very slightly in the right di-
rection.

{10) The saw blade of Claim 1 wherein the tips
of the leading tooth and the trailing teeth are
formed in the shape of a fantail.

(11) The saw blade of Claim 1 wherein the trail-
ing teeth with the greatest height comprise a pair
of set teeth which are formed at almost the same
height as the leading tooth before bending trans-
versely in a suitable direction.
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(12) The saw blade of Claim 4 wherein the trail-
ing tooth with the greatest height is unset teeth
which is formed at almost the same height as the
leading tooth.

(13) The saw blade of Claim 4 wherein the trail-
ing teeth with the greatest height is unset teeth,
and inclined sections are formed on both sides of
the tips of the teeth.

(14) A saw blade comprising a leading tooth
which performs the cutting of a workpiece and ad-
vances in the feed direction while the workpiece is
being cut and a pluraliity of trailing teeth which cut
the workpiece later than the eading tooth and
serve to widen the leading cut channel which is cut
by the leading tooth, and

wherein the leading tooth and the plurality of
trailing teeth form one group, and the plurality of
trailing teeth comprise a suitable number of pairs
with a left-set tooth and a right-set tooth as one
pair, and

wherein the height of the pair of trailing teeth,
from the basic position to the tips of the pair of
trailing teeth is smaller than the height of the lead-
ing tooth from the base position to the tip of the
leading tooth, and

wherein the set width of the shorter pair of trail-
ing teeth is larger than the set width of the higher
pair of trailing teeth.

(15) The saw blade of Claim 14 wherein the
leading tooth is an unset tooth with no bend in the
transverse direction.

(16) The saw blade of Claim 14 wherein the
leading tooth is an unset tooth with no bend in the
transverse direction, and inclined sections are
formed on both sides of the tip of the tooth.

(17) The saw blade of Claim 14 wherein the
trailing teeth with the greatest height comprise a
pair of set teeth which are formed at almost the
same height as the leading tooth before bending
transversely in a suitable direction. '

(18) The saw blade of Claim 14 wherein the
heights of the left-set tooth and the right-set tooth,
which comprise the pair of trailing teeth, are the
same.

(19) The saw blade of Claim 14 wherein the
heights of the left-set tooth and the right-set tooth,
which comprise the pair of trailing teeth, are differ-
ent.

(20) The saw blade of Claim 14 wherein the
leading tooth comprises as a pair a left-set tooth
which bends very slightly in the left direction, and
a right-set tooth which bends very slightly in the
right direction.

(21) The saw blade of Claim 14 wherein the tip
of a suitable tooth is in the shape of the arc of a
circle.

(22) The saw blade of Claim 14 wherein a notch
is provided in the tip of the leading tooth and
which notch divides the tip of the leading tooth
into several parts.

(23) The saw blade of Claim 14 wherein the set
width of the shortest pair of trailing teeth is the
same as the set width of the next shortest pair of
trailing teeth.

(24) The saw blade of Claim 14 wherein there
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are several pairs of trailing teeth with a height
being the shortest.

{25) The saw blade of Claim 14 wherein the
gullets of suitable teeth are each provided with a
chips discharge channel which guides the chips to
either the right or to the left side.

(26) The saw blade of Claim 14 wherein the dif-
ference in the set width of a pair of trailing teeth
which differ in height is at least 0.04 mm on one
side.

(27) The saw blade of Clamim 14 wherein the
difference in height is at least 0.04 mm.

(28) A saw blade comprising:

a leading tooth which performs the cutting of a
workpiece and advances in the feed direction while
the workpiece is being cut; and

a plurality of trailing teeth which cut the work-
piece later than the leading tooth and serve to
widen the leading cut channel which is cut by the
leading tooth;

wherein the leading tooth and the plurality of
trailing teeth form one group, and the plurality of
trailing teeth comprise a suitable number of pairs
with a left-set tooth and a right-set tooth as one
pair, and

wherein the height of the pair of trailing teeth,
from the basic position to the tips of the pair of
trailing teeth is the same as or smaller than the
height of the leading tooth from the basic position
to the tip of the leading tooth;

wherein the set width of the shorter pair of trail-
ing teeth is larger than the set width of the higher
pair of trailing teeth; and

wherein the shortest trailing teeth are not con-
secutively positioned.

{29) The saw blade of Claim 28 wherein a trail-
ing tooth of medium height is provided between a
shorter trailing tooth and a higher leading tooth.

(30) The saw blade of Claim 28 wherein the
bending point of a smallest trailing tooth with a
maximum magnitude of set is set closer to the tip
than the bending position of other trailing teeth.

(31) The saw blade of Claim 28 wherein a trail-
ing tooth of medium height is provided between a
shorter trailing tooth and a higher leading tooth,
and

wherein the set-bend position of the shorter trail-
ing tooth is formed closer to the tip than the set-
bend position of the higher trailing tooth.

(32) The saw blade of Claim 28 wherein the
ieading tooth is an unset tooth with no bend in the
transverse direction.

(33) The saw blade of Claim 28 wherein the
leading tooth comprises, as a pair, a left-set tooth
which is bent very slightly in the left direction, and
a right-set tooth which is bent very slightly in the
right direction.

(34) The saw blade of Claim 28 wherein a notch
is provided in the tip of the leading tooth, which
notch divides the tip of the leading toath into sev-
eral parts.

(36) The saw blade of Claim 28 wherein the tip
of a suitable tooth is in the shape of the arc of a
circle.

(36) A saw blade comprising:
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a leading tooth which performs the cutting of a
workpiece and advances in the feed direction while
the workpiece is being cut; and

a plurality of trailing teeth which cut the work-
piece later than the leading tooth and serve to
widen the leading cut channe! which is cut by the
leading tooth;

wherein the leading tooth and the plurality of
trailing teeth form one group, and the plurality of
trailing teeth comprise a suitable number of pairs
with a left-set tooth and a right-set tooth as one
pair, and

wherein the height of the pair of trailing teeth,
from the basic position to the tips of the pair of
trailing teeth is the same as or smaller than the
height of the leading tooth from the base position
to the tip of the leading tooth;

wherein the set width of the shorter pair of trail-
ing teeth is larger than the set width of the higher
pair of trailing teeth; and

wherein a trailing tooth of medium height is pro-
vided between a shorter trailing tooth and a higher
leading tooth.

(37) The saw blade of Claim 36 wherein the
bending point of a smallest trailing tooth with a
maximum magnitude of set is set closer to the tip
than the bending position of other trailing teeth.

(38) A saw blade comprising:

a leading tooth which performs the cutting of a
workpiece and advances in the feed direction while
the workpiece is being cut; and

a plurality of trailing teeth which cut the work-
piece later than the leading tooth and serve to
widen the leading cut channel which is cut by the
leading tooth;

wherein the leading tooth and the plurality of
trailing teeth form one group, and the plurality of
trailing teeth comprise a suitable number of pairs
with a left-set tooth and a right-set tooth as one
pair, and

wherein the height of the pair of trailing teeth,
from the basic position to the tips of the pair of
trailing teeth is the same as or smaller than the
height of the leading tooth from the base position
to the tip of the leading tooth;

wherein the set width of the shorter pair of trail-
ing teeth is larger than the set width of the higher
pair of trailing teeth; and

wherein the set-bend point of a shortest trailing
tooth with a maximum magnitude of set is formed
closer to the tip than the set-bend position of other
trailing teeth.

(39) A saw blade comprising a combination of a
right-set tooth, which is bent to the right, and a
left-set tooth which is bent to the left in relation to
the running direction of the saw blade, and an un-
set tooth which is not bent, and

further comprising:

a first pattern wherein the teeth are positioned in
the running direction in the order of right-set tooth,
unset tooth, left-set tooth; and

a second pattern wherein the teeth are posi-
tioned in the direction of the cut in the order of
{eft-set tooth, unset tooth, right-set tooth; and

wherein the first pattern and second pattern are
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{40) The saw blade of Claim 39 wherein a part
of the first pattern and a part of the second pattern
overlap.

{(41) The saw blade of Claim 39 wherein a suita-
ble number of either one or both of a right-set
tooth and a left-set tooth are positioned between
the first pattern and the second pattern.

(42) The saw blade of Claim 39 wherein both
corners of the unset tooth have an inclined section.
(43) The saw blade of Claim 39 wherein the tip
of the unset tooth is formed in a V-shaped or U-

shaped notch.

(44) The saw blade of Claim 39 wherein the
shortest left-set and right-set teeth are positioned
non-consecutively.

(45) Any novel feature or combination of fea-
tures described herein.
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