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) Cutting apparatus.

@ The invention relates to a cutting apparatus com-
prising an endless chain body (2) having a plurality
of piate-like flaps (1) connected to each other for
angular movement in @ common plane. Each flap (1)
has an end face on an inner peripheral side of the
chain body (2), and at least a part of the flaps (1) are
provided with a cutting device (4) at the end face
thereof. The apparatus further comprises a plurality
of sprockets supporting the chain body (2) in ten-
sion, and defining a common plane of cut effected
by the combination of the chain body (2) and the
sprockets. The chain body (2) is supported by a
rigid backplate, of thickness not greater than the
thickness of the flaps (1). It provides a firm support
to the rotating chain body (2) fo permit sliding move-
ment of the chain body (2) within the common plane
of cut. The apparatus further comprises a means for
activating the rotfational movement of the sprockets
in cooperation with the chain body (2), and a means
for moving an object or the chain body (2) toward
each other to effect removal of a material disposed
within the extended plane of the common plane of
cut to effect separation of an object into severed
sections.

FIG.3
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CUTTING APPARATUS

Background of the Invention

Field of the Invention

The present invention relates to a cutting ap-
paratus for cutting large objects of different materi-
als, such as stone, wood and other substances.

Background Art

Conventionally, cutting a large stone, for exam-
ple, is carried out with a cutting blade, a band saw,
a wire saw and other cutting methods.

Cutting blade is a device containing a plurality
of cutting bits in which chips of abrasive grains,
such as fine diamond abrasive grains are firmly
embedded. The abrasive layers are bonded to an
outer peripheral surface of a disc-like metal base
formed by roll processing, by means of metal bond
or the like at equal intervals. At present, the maxi-
mum cutting blade manufactured has a diameter of
3.5 m and a metal base thickness of 10 mm. For
the cuiting blade of this dimension or size, the
maximum thickness of a material which can be cut
is of the order of 1.5 m, and the cutting loss is of
the order of 15 mm.

On the other hand, a band saw is a device
having a thin strip of metal, which is wide and
which is of the order of 1 mm to 6 mm in thick-
ness, is welded to form an endless loop, and the
abrasive grains and chips are firmly bonded to one
side of the endless thin sirip. The endless thin strip
driven by a pair of rotating circular wheels, whose
axes are arranged in parallel relation to each other.
The wheels are rotated at high speed, thereby
cutting stones or the like with the edge of any
parallel sections between the rotor bodies.

The wire saw is an endless loop device such
that a plurality of cylindrical diamond chips is firmly
bonded to a metal wire whose thickness is of the
order of a few millimeters to 10 mm. The wire saw
is directly wound around the object, and is driven
at high speeds with a constant tension applied by a
drive apparatus, thereby cutting the object.

However, the above-described traditional cut-
ting methods have the foliowing problems.

First, the cutting blade has the following prob-~
lem. That is, if the diameter of the cutting blade is
increased, the thickness of the metal base must
also be increased to provide the blade rigidity. For
this reason, the cutting loss increases, and the
yield from the object is diminished. Further, twist or
torsion occurs at the forvard edge of cutting as a
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result of an increase in the cuiting resistance.
Thus, the cutting accuracy is reduced.

Further, the cutting blade has also the following
problems. Since manufacturing of a metal base
exceeding 3.5 meter in diameter is extremely dif-
ficult, there is a limit in thickness of the object
capable of being cut, as described previously.
Moreover, such large cutting blade is extremely
inconvenient for handling and transporting or the
like; also the noises due to vibration at cutting are
severe.

On the other hand, in the band saw, the metal
base is thin and long in length, and the cutting loss
is of the order of 4 mm to 8 mm which is relatively
small. Thus, the yield is superior. However, the
band saw is wound around a pair of large-diameter
rotating wheels, and accordingly, the cutting ap-
paratus increases in size, and a large equipment
space is required.

Furthermore, the band saw has the following
problem. That is, bending siress is repeatedly ap-
plied to bent sections of the metal base wrapped
around the rotating wheels and metal fatigue is apt
to be accumulated in the metal base. Thus, the
metal base is broken relatively prematurely, and
the service life of the metal base is short.

In the wire saw, since the chips in the abrasive-
grain-layer are large in diameter, the cuiting al-
lowance must be large in comparison with the size
of the cutting blade or the band saw. Further, the
wire saw is circular in cross-section, and has, by
itself, no means for restricting the cutting direction.
Accordingly, the wire saw is inferior to other cutting
methods in flatness and surface roughness of the
cut surface. Furthermore, in the wire saw, since
large bending stress is applied to both end portions
of each of the abrasive-grain-layers during cutting,
the service life is short. Breakage of the wire is
dangerous because the ends of the wire jumps up
and down like a whip.

Summary of the Invention

An object of the invention is therefore to pro-
vide a cutting apparatus having improved perfor-
mance characteristics with respect to the above
discussed problems. This invention relates to a
cutting apparatus comprising;

(a) an endless chain body comprising a plurality

of plate-like flaps connected to each other for

angular movement in a common plane, said
each flap having an end face on an inner periph-
eral side of said chain body, and at least a part
of said flaps having a cutting device at said end
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face;
(b) a plurality of sprockets supporting said chain
body in tension, and defining a common plane
of cut effected by the combination of the chain
body and the sprockets;
(c) a rigid backplate, of thickness not greater
than the thickness of the flaps, providing a firm
support to said rotating chain body to permit
sliding movement of said chain body within said
common plane of cut;
(d) a means for activating the rotational move-
ment of the sprockets in cooperation with the
chain body; and
(e) a means for moving an object or said chain
body toward each other to effect removal of a
material disposed within the extended plane of
said common plane of cut to effect separation of
an object into severed sections.

This cutting apparatus provides cutting action
by rotating the chain body equipped with cutting
devices around at least a pair of sprockets to drive
the chain body which is supported at the linear
section of the chain body by means of a chain
guide disposed on a rigid backplate. The cutting is
carried out by moving either the chain cutter and
sprockets towards the object or the object to the
chain body.

Because the thickness of the flap and the bac-
kplate is thinner than that of the cutting devices,
the depth of cut is not limited by the thickness of
the cutting device of the equipment.

According to the chain cutter, since the flaps,
each in the shape of a plain plate, are connected to
each other for angular movement in the cutting
plane to form the endless chain body, it is possible
to obtain sufficient tension-resisting force by using
the flaps of relatively thin thickness. The thickness
of each of the cuiting devices can be reduced,
thus, the cutting cost of the object can be reduced
leading to improved yield.

Further, since the flaps are flexibly connected
to each other, stress fatigue does not occur in the
curved region of the chain cutter, and it is possible
fo use the chain cutter with a higher applied ten-
sion force than in conventional cutting devices.
Accordingly, the cutting service life is longer than
in the conventional cutting tools, and it is possible
to enhance cutting efficiency.

Furthermore, since the chain cutter is sup-
ported at the inner straight section of the chain by
a support section of the rigid backplate, it is possi-
ble to support a high load required for large cutting
bite.

Moreover, by merely changing the number of
connected flaps, the length of the chain body can
be freely increased or decreased. Thus, the object
capable of being cut is not restricted in size or
dimension. The individual flaps are small in size
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and the same in configuration as each other. Ac-
cordingly, the flaps can be mass produced thersby
reducing the cost of the entire chain cuiter.

Further, since the advancing direction of the
cutting is restricted by the plate-shaped flaps, the
flatness and surface roughness of the cut surface
are superior, and no one-sided wear occurs on the
cutting devices. Thus, the service efficiency of the
culting devices is high.

Furthermore, since the flaps are moving in the
same plane as the cutting plane while being wound
around the sprockets or the like, there is an advan-
tage that the working space for the apparatus can
be reduced.

Moreover, since the chain cutter is in the shape
of a chain, and is relatively light in weight, handling
and fransportation or the like are easy. Vibration
due fo cutting is attenuated at the connecting sec-
tions between the flaps. Thus, it is possibie to
reduce the noises as compared with other cutting
tools.

Brief Description of the Drawings

Figs. 1 is a front view of the cutting apparatus.
Fig. 2 is a plan view of the cutting apparatus
with a partial horizontal cut-away.

Figs. 3 through 5 are sectional front views of the
chain cutter flaps illustrated in Figs. 1 and 2.

Fig. 4 is a view taken along a line IV-IV in Fig. 3.
Figs. 5 to 7 are a front view, plan view and a left
side view, respectively, of a flap.

Figs. 8 and 9 are a plan and a sectional front
views of mounting and demounting jig for the
flaps.

Fig. 10 to Fig. 12 is enlarged cross-sectional
illustration of a connecting method.

Fig. 13 is a front view of a wear inspecting
means for the flaps.

Figs. 14 and 15 are a plan and a front views of a
wear inspecting tool.

Fig. 16 and Fig. 17 are an illustration of a
variation of the above wear inspecting means.
Fig. 18 is a plan view of a tool designed for the
method in Fig. 16,

Fig. 19 is a front view of a cutting apparatus
used in a second embodiment.

Fig. 20 is a plan view of a driving unit for the
above cutting apparatus illustrated in Fig. 19;
Figs. 21 and 22 are a sectional front view and a
cross-sectional view taken along the line A-A,
respectively, from a third embodiment of the
invention.

Figs. 23 and 24 are a sectional front view and a
cross-sectional view as viewed from the line B-B
of a fourth preferred embodiment.

Figs. 25 through 27 are a front view, a top view
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and a left side view, respectively, of the flap
which is used in a fifth embodiment of the
invention.

Fig. 28 is a front view showing a modification of
the flap according to the fifth embodiment.

Figs. 29 through 31 are a top view, a front view
of a principal portion, and a left side view, re-
spectively, of a mounting and demounting jig for
the flaps illustrated in Fig. 28.

Figs. 32 through 34 are a front view, a fop view
and a left side view, respectively, of the flap in a
sixth embodiment of the invention.

Fig. 35 is a front view showing a modification of
the flap.

Figs. 36 and 37 are a sectional front view and a
cross-sectional view taken along the line C-C,
respectively, from a seventh embodiment of the
invention.

Figs. 38 through 40 are a front view, a fop view
and a left side view, respectively, of the flap
from an eighth preferred embodiment.

Figs. 41 and 42 are a sectional front view and a
cross-sectional view taken along the line D-D,
respectively, from an sighth preferred embodi-
ment of the invention.

Figs. 43 and 44 are a front view and a left side
view, respectively, of the flap from the ninth
preferred embodiment.

Fig. 45 is a left side view of a modified flap from
a ninth preferred embodiment.

Figs. 46 and 47 are a front view and a left side,
respectively, of the flap from a ninth preferred
embodiment.

Fig. 48 is a left side view of a modified flap
illustrated in Figs. 46 and 47.

Figs. 49 and 50 are a front view and a left side
view, respectively, of the flap from a tenth pre-
ferred embodiment.

Fig. 51 is a left side view of a modified flap
illustrated in Figs. 49 and 50;

Fig. 52 is a front view showing a mounting and
demounting method of a flap from an eleventh
preferred embodiment.

Figs. 53 and 54 are a front view and a left side
view, respectively, of the flap from a twelfth
preferred embodiment.

Fig. 55 is a left side view of a modified flap
illustrated in Figs. 53 and 54;

Fig. 56 is a front view showing a mounting and
demounting method of the flaps according to a
twelfth preferred embodiment.

Figs. 57 and 58 are a front view and a left side
view, respectively, of the flap from a thirteenth
preferred embodiment. ’

Fig. 59 is a front view of the flap from a four-
teenth preferred embodiment.

Fig. 60 is a cross-sectional view taken along the
line E-E showing a mounting and demounting
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method for the flaps illustrated in Fig. 59.

Fig. 61 is a cross-sectional view of a cutting
apparatus from a fifiteenth preferred embodi-
ment.

Fig. 62 is a plan view of a cutting apparatus
from a fifteenth preferred embodiment.

Fig. 63 is a cross-sectional view of the sprocket
and the chain cutter from a seventeenth pre-
ferred embodiment.

Fig. 64 is a cross-sectional view to illustrate the
construction of the backplate from an sighteenth
preferred embodiment.

Fig. 65 is an angle view of a modified backplate
shown in Fig. 64.

Detailed Description of the Preferred Embodiments

Various embodiments of the invention will be
described next with reference to the drawings.

Figure 1 is a front view and Figure 2 is a plan
view with a partial cut-away of the column section
of a cutting apparatus for according fo a first em-
bodiment of the invention.

In these figures, C represents a chain of cutters
(hereinafter referred to as the chain cutter) and is a
primary component of the cutling apparatus. The
details of this component will be explained in the
following.

The chain cutter C is comprising an endless
chain body 2 in which a plurality of flaps 1, each in
the shape of a plain or flat plate, is connected to
each other, as shown in Fig. 3 ‘o provide a flexible
angular movement within % cutling plane
(hereinafter the cutting plane is iefined by the path
of the chain cutter). A plurality of abrasive-grain
segments or cutting device 4 is firmly mounted to
the outer ends of the respective flaps 1.

Each flap 1 is in the shape of a rectangular
plate having a constant thickness, and is made of
metal such as SK steel, stainless steel, SKD steel,
SUP steel, SNCM steel or the like. It is desirable
that the hardness of the flap 1 is brought to HRc 30
to 65 by hardening treatment or the like. If the
hardness of the flap 1 is less than HRc 30, it is
impossible to obtain a sufficient strength, while, if
the hardness is higher than HRc 65, forming of the
flap 1 becomes difficult.

The dimension or size of the flap 1 varies
depending upon the use of the chain cutter. In a
case where the flap is utilized in cutting of normal
large stone, for example, it is preferable that the
flap 1 has its thickness of the order of 2 mm to 6
mm, its height H of the order of 50 mm {o 150 mm,
and its width W of the order of 40 mm to 100 mm.
If the dimension of the flap 1 is within these
ranges, it is possible to cut a large stone with high
efficiency using sufficient tensioning force. In this
connection, the invention is not limiting to these
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dimensions quoted.

A connecting structure between each pair of
adjacent flaps 1 will next be described. As shown
in Fig. 3, each of the side face of the flaps 1 has a
circular connecting tab 8, pointing in the direction
of the rotation. An circular connecting cut-out 10 is
formed at an opposite side face of the flap 1, in the
rear direction (or the rear end), having substantially
the same dimension as the connecting tab. A line
connecting a center 01 of the connecting tab 8 to a
center 02 of the connecting cut-out 10 is set par-
allel to the outer and the inner peripheral ends of
the flap 1.

The connecting tab 8 has its outer peripheral
surface 8A whose cross-sectional shape is, as
shown in Fig. 4, a V-shaped convex configuration
along its entire periphery. It is preferable that the
V-shaped configuration has a cross-sectional angle
of the order of 60° to 170° . If the cross-sectional
angle is less than 60°, it is difficult to form the
outer peripheral surface 8A, and the connecting
strength is reduced, while, if the cross-sectional
angle is larger than 170°, there is a chance that the
flaps disengage in the thickness direction of the
flap 1.

On the other hand, the peripheral surface of
the connecting cut-out 10 has a tapered region 10A
in a half section extending away from the center of
the thickness of the flap 1 (in a direction away from
the viewer) as shown in Fig. 5 (and further in Figs.
7,10, 11 and 12). The configuration of the tapered
surface 10A is complementary in cross-sectional
configuration with the connecting tab 8. On the
other hand, a portion of the peripheral surface of
the connecting cut-out 10, which extends from the
aforesaid thickness center to the front surface
(towards the viewer) of the flap, is given a designa-
tion 10B and is perpendicular o the front face. The
cross sectional shapes can be seen in Fig. 7. The
diameter of the cut-out 10B is only slightly larger
than the maximum diameter of the connecting tab
8.

Further, on the front surface of the flap 1, there
is formed a staking (tightening) groove 12 at a
location slightly spaced away from the connecting
cut-out 10.

As shown in Fig. 10, it is desirable that a value
of spacing E from the vertical wall surface 10B to
the staking groove 12 is of the order of 0.5 mm to
T mm (= the flap thickness), preferably, of the
order of 0.5 mm {o 3 mm. If the spacing E is equal
to or larger than T mm, the staking operation
subsequently to be described will become difficult,
while, if the quantity of spacing E is less than 0.5
mm, the holding pressure of the connection be-
comes insufficient.

The staking groove 12 has its opening width F
of 1 mm to T mm, desirably, of 1 mm to 5 mm. If
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the opening width F is within this range, the staking
operation will become easy in practice, and there is
no fear of reduction of the holding strength at this
portion.

The staking groove 12 (Figs. 10, 11 and 12)
has a portion of its wall surface adjacent to the
vertical wall 10B, tapered along the entire length. It
is desirable that an angle G between the tapered
surface and the vertical line of the groove is 10° to
45° Ii the angle is out of this range, the staking
operation will become difficult. This angle G is
larger than an angle L defined as the angle be-
tween the tapered surface 8A of the connecting tab
8 and the vertical line. If G is less than L, it is
impossible to practice sufficient tightening.

The staking groove 12 has its depth 1 which is
30% to 60% of the flap thickness T and, more
desirably, 30% to 50% thereof. If the depth 1 is
less than 30%, engagement of the connecting tab
8 due to the staking will become difficult, while, if
the depth [ is larger than 60%, the holding strength
will be reduced.

The reference character P denotes a punch
which is used in staking operation and which is
firmly mounted to an upper mold of a press ma-
chine (not shown). The shape of the lower portion
of the punch P is an curved configuration in cross-
section to fit in the staking groove 12 along its
entire length. The outer peripheral surface side of
the punch P is a vertical plane extending in parallel
relation to the punch axis, while an inner peripheral
surface side of the punch P is a tapered surface.
Further, the length-wise cross sectional shape of
the lower end of the punch P surface is curved,
whose radius of curvature K is larger than that of
the curvature J (refer to Fig. 13) of the inner
bottom surface of the staking groove 12.

Joining of the flaps 1 is done as follows. That
is, as shown in Fig. 11, the flap 1 is made to rest
on a base B of the press machine with the staking
groove 12 facing upward. The connecting tab 8 of
another flap 1 is fitted into the connecting cut-out
10 from the side of the vertical peripheral wall 10B,
and the lower end of the punch P is abuited
against the staking groove 12. Then, a pressure is
applied to the punch P by the press machine. By
so doing, the punch P pushes and enlarges the
staking groove 12, as shown in Fig. 12, Thus, a
ring portion 14 is bent inwardly, so that the vertical
peripheral surface 10B is abuited fightly against the
tapered surface 8A.

Subsequently, when the punch P is moved
upwardly, the ring portion 14 slightly rebounds
toward its original position elastically, so that an
extremely small gap, suificient to enable sliding
movement, is formed between the vertical periph-
eral surface 10B and the tapered surface 8A. Thus,
the connection is compleied.
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The connecting tab 8 has a pair of constricted
portions 8B, all of which are formed respectively
into an curved configuration, neck, as shown in Fig.
5, in order to prevent siress concentration. Further,
the connecting cut-out 10 has, at its opening, a pair
of side portions 10C each of which is rounded into
an curved configuration having its radius of cur-
vature smaller than that of a corresponding the
neck of portions 8B.

An angle beta between both ends of the con-
necting cut-out 10 is 60° to 150°, preferably, 90° to
120°. If the angle beta is greater than 150° an
engaging force of the connecting tab 8 due to the
connecting cui-out 10 is so small that the connect-
ing strength is reduced. On the other hand, if the
angle beta is smaller than 80°, the width of each of
the constricted portions 8B of the connecting tab 8
is so reduced that the strength at this portion is
lowered.

A centfral angle alpha between the constricted
portions 88 of the connecting tab 8 is smaller than
the central angle beta so that the connecting tab 8
can be rotated within the connecting cut-out 10.
Further, a distance L2 from the center 02 of the
connecting cut-out 10 to the exiension line of the
flap end surface is smaller than a distance L1 from
the center 01 (Fig. 5) of the connecting tab 8 to the
flap end surface.

A life gaging mechanism for the flap 1 will next
be described. A shallow C-shaped life gaging
groove 16 (Fig. 17) is formed at a midpoint of the
peripheral edge of the connecting cut-out 10. A
distance from the center 02 (Fig. 5) of the connect-
ing cut-out 10 to the bottom surface of the life
gaging groove 16 is set slightly larger than the
maximum radius of the connecting tab 8. When the
flaps are connected to each other, a slight gap is
formed (Fig.13) between the life gaging groove 16
and the outer periphery of the connecting tab 8. If
a quantity of the gap is measured by a thickness
gage or the like, it is possible to estimate a quan-
tity of wear of the connecting tab 8 and the con-
necting cut-out 10. Thus, the degree of wear will
become a measure of operable life. In this connec-
tion, the position of the life gaging groove 16 is not
limited to the midpoint of the connecting cut-out
10, but may be any position in the peripheral
surface. In this connection, the life gaging groove
16 formed near the midpoint will provides good
sensitivity to wear.

Figs. 14 and 15 show a thickness gage K
which is used for measuring the degree of wear. In
these figures, 44 denotes a handle, and 45 des-
ignates a tapered portion in the shape of an elon-
gated thin plate firmly mounted to one end of the
handle. The tapered portion 45 has its thickness
which is smaller, at its forward end, than the afore-
said quantity of gap G, and which increases gradu-
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ally toward the handle 44. The tapered portion 45
has its front surface onto which graduations 46 are
marked. An elongated plate-like slide bar 47 is
arranged along the graduations 46. The slide bar
47 has its rear end inserted in a bore 48 formed in
the handle 44. Furthermore, the slide bar 47 has its
upper surface which is provided with a projection
49.

In order to inspect the degree of wear at the
connections, the tapered portion 45 of the thick-
ness gage K is inserted perpendicularly through
the life gaging groove 16. By doing so, the slide
bar 47 is abutted against the flap 1 and is moved
to the rear , so that the forward end of the slide bar
47 shows one of the graduations 46, which would
indicate the quantity of wear.

In connection with the above, the arrangement
may be such as shown in Figs. 16 and 17, that a
semi-circular recess 16A is formed in the periph-
eral surface of the connecting cut-out 10, and a
semi-circular groove 16B in the peripheral surface
of the corresponding connecting tab 8, to form the
life gaging bore 16 by these grooves 16A and 16B.

In this case, the thickness gage K having the
rod-like tapered portion 45 as shown in Fig. 18 is
used, and the tapered portion 45 is inserted into
the jig inserting bore 18, to compare the insertion
depth with graduations 46A and 46B. The gradu-
ations 46A indicate the quantity of new gap of the
flap 1, while the graduations 46B indicate the size
of the gap at the limit of use.

A fixation method of the cutting device 4 will
next be described. As shown in Fig. 5, on the outer
end face of each flap 1 is formed a semi-circular
segment-mounting recess 18 at an off-center loca-
tion nearer to the forward direction. The segment-
mounting recess 18 has a V-groove cross-section
along its entire length. It is preferable that a central
angle gamma defined between both ends of the
mounting recess 18 is 90° through 170°. Desirably,
the central angle gamma is 120° through 160°. If
the central angle gamma is less than 90° mounting
and demounting of the cutting device 4 will be-
come difficult, while, if the central angle gamma is
larger than 170° there is a fear that the cutting
device 4 will fall off.

Moreover, on the same peripheral side as the
mounting recess 18, but off-center to the rear end,
there is a vertical jig inserting groove 20 semi-
circular in cross-section. The jig inserting groove
20 has its radius A2 (Fig. 5) which is larger than
the distance A1 from the center of the mounting
recess 18 to the outer end of the flap 1. If the
radius A2 is smaller than the distance At, it is
impossible to demount or remove the cutting de-
vice 4 by a mounting and demounting jig 32 to be
described subsequently. In this connection, the po-
sition of the jig inserting groove 20 may be modi-
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fied or altered to the bottom of the mounting re-
cess as indicated by M in Fig. 5.

Furthermore, the mounting recess 18 is pro-
vided with a narrow slit 22, one end of whose
opening is directed toward the outer periphery.
This end of the slit 22 has one end which opens to
a portion of the mounting recess 18 near to the
forward edge of the flap 1. The slit 22 has at its
terminal end a circular bore 24 for siress relieving.
A portion fo the forward edge of the slit 22 is an
elastic engaging part 26, a deflection of which in
the forward direction enables mounting and de-
mounting of the cutting device 4.

The cutting device 4 is composed of a metal
chip support 28 having its thickness the same as
that of the flap 1, and a rectangular cutting bits 30
firmly mounted to the outer end face of the chip
support 28.

The cutting bits 30 has its thickness which is
set to be 0.5 mm to 4 mm thicker than the chip
support 28. If the excess thickness of the cutting
bits 30 is less than 0.5 mm, a possibility exists that
the chip support 28 and the flap 1 are in frictional
contact with a cut surface of an object. On the
other hand, if the excess thickness of the cutting
bits 30 is larger than 4 mm, the cutting loss is high
and the yield is reduced unnecessarily.

The cutting bit 30 has a metal-bonded abrasive
layer containing particles of diamond, CBN or the
like, and is firmly mounted fo the chip support 28
by means such as soldering, unit sintering, laser
welding, electron beam welding or the like. In this
connection, the grain or particle size, the degree of
concentration and the thickness of the abrasive
grains should be determined according to the use
of the chain cutter.

The chip support 28 is integrally formed with a
semi-disc projection 28A complementary in con-
figuration with the mounting recess 18. The semi-
disc projection 28A has a convex V-shaped cross-
sectional configuration. The projection 28A is
formed so that the projection 28A can be fitted in
the segment-mounting recess 18 when the slit 22
is opened, and the projection 28A is firmly en-
gaged in the segment-mounting recess 18 when
the elastic engaging part 26 returns to its original
position.

In connection with the above, Figs. 8 and 9
show the aforesaid mounting and demounting jig
32 which is in the shape of a letter T having a
handle 34 and a shaft 36. The shaft 36 has its
forward end 36A which is formed into a semi-circle
in cross-section identical in size with the jig insert-
ing groove 20. The forward end 36A is inserted in
the said grocove 20, and the handle 34 is rotated
through 90°, whereby the cutting device 4 is re-
leased from the engaging force of the elastic en-
gaging part 26.
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A torsion- or twist-preventing structure for the
flap 1 will next be described. Both the forward and
the rear end surfaces of the flap 1, as shown in Fig.
5, are made parallel to each other. On the forward
end face of the flap 1 is formed a V-shaped cross-
sectional engaging groove 38 extending perpen-
dicularly to the vertical forward end face of the flap
1.

Corresponding to the above tab an engaging
projection 40 having its cross-sectional configura-
tion complementary to the aforesaid engaging
groove 38 is formed on the opposite side to the
foregoing projection 38 of the flap 1. When the
flaps are lined up tightly in a straight line next to
each other, the engaging groove 38 and the engag-
ing projection 40 of the adjacent flaps 1 are locked
together with each other without gap so as to be
immovable in the thickness direction of the flap 1.

A structure for driving the chain cutter will next
be described. Each flap 1 has, on the forward and
rear corners, a pair of driving recesses 6A and 6B.

These driving recesses 6A and 6B are curved
in configuration and are disposed respectively at
forward and rear corners of the inner peripheral
end of each flap 1. Each of the driving recesses 6A
and 6B has its central angle which is of the order
of 90°.

Each of the driving recesses BA and 6B (Fig. 3)
has its radius of curvature which is identical with a
radius of each of pins 126 firmly mounted respec-
tively to outer peripheries of respective sprockets
88 and 112 of a cutting apparatus subsequently to
be described. Further, portions extending respec-
tively from the recesses 6A and 6B to the inner
end faces of the flap 1 are rounded.

A distance between centers of the respective
driving recesses 6A and 6B is equal to a distance
between the pins 126. Under the condition that the
flaps 1 are wound around the outer peripheries of
the respective sprockets 88 and 112, the driving
recesses 6A and 6B of the adjacent respective
flaps 1 produce an identical curved surface, and
the pins 126 are so arranged as to fit in the curved
surface without gap.

An engaging structure with respect to a back
plate 118 subsequently to be described will next be
described. The inner end face of each flap 1 is
formed with a sliding groove 42 having in a V-
shaped cross-section, which extends along the en-
tire length of the end face of the flap 1. If is
desirable that the angle of the V shaped sliding
groove 42 is in a range of 60° to 160° If the V-
angle is smaller than 60°, there is a fear that cracks
occur in the flap 1 due to a wedging action of the
back plate 118, while, if the V-angle is larger than
160°, the twist-preventing force due to the back
plate 118 in the thickness direction is reduced.

Figs. 1 and 2 will next be utilized to describe
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the cutting apparatus which uses the above-de-
scribed chain cutter. In this connection, the de-
scriptions such as the upper, lower, left- and right-
hand side used in the following description are in
reference fo the orientation of the cutting apparatus
as shown in Fig. 1.

The reference numeral 50 in the figures denote
a pair of columns spaced apart suitably o provide
the main support to the cutting apparatus. As
shown in Fig. 2, mounted respectively to these
columns 50 are a pair of rectangular bases 54A
(left-hand side) and 54B (right-hand side) which
permit vertical motions along the column 50, but
the keys 52 extending through vertically along the
column prevent the rotation of the bases about the
column.

A top plate 56 is firmly mounted across the
upper ends of the respective columns 50 horizon-
tally. An elevating motor 58 is mounted to the left-
hand end of the top plate 56. The motor 58 is so
designed as to rotate a screw shaft 60 (Fig.2)
arranged along the rear face of the left-hand col-
umn 50, through a gearbox (not shown). An elevat-
ing element 62 firmly mounted to the rear face of
the left-hand base 54A is mounted to the screw
shaft 60.

On the other hand, a gearbox 64 (Fig. 1) is
firmly mounted to the right-hand end of the top
plate 56. A rotor shaft 66 is laid across or extends
between the gearbox 64 and the aforesaid gearbox,
so that power of the motor 58 is transmitted also to
the gearbox 64. The gearbox 64 has its output
shaft which is connected to a screw shaft 68 ar-
ranged along the rear face of the right-hand column
50. An elevating element 70, which is firmly moun-
ted to the rear face of the right-hand base 54B, is
mounted to the screw shaft 68. When the elevating
motor 58 is operated, both the bases 54A and 54B
are moved vertically while always maintaining the
same relative height.

On the front of the left-hand base 54A, is a disc
section 74 and a round-shaped groove 72 whose
centers are at the center of the front-face. A filting
plate 76 is arranged along the front face of the disc
section 74, and a pair of pawl| sections 76A formed
respectively at both sides of the {ilting plate 76 are
fitted respectively in both sides of the round-
shaped groove 72. The pawl sections 76A are
rotated within the round-shaped groove 72, causing
the filting plate 76 to rotate coaxially with the disc
section 74.

The tilting plate 76 has on its front face a
rectangular guide rail 78 extending in the right- and
left- hand direction. The arrangement is as follows.
That is, mounted fo the guide rail 78 is an L-
shaped support plate 80 having its right-hand end
bent forwardly so that the L-shaped support plate
80 is movable in the left- and right-hand directions.
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The support plate 80 is pulled with a constant force
{o the left by a biasing mechanism (not shown).

Further, the front face of the tilting plate 76 has
a center which is formed with a shaft section 82
projecting forwardly. The shaft 82 projects forward-
ly through an elongated bore 84 which is formed in
the support plate 80 and which extends in the left-
and right-hand directions. Mounted to the shaft 82
for rotation is a pulley 86 and a sprocket 88 which
are connected to each other in a coaxially.

A drive motor 92 is mounted to the left-hand
front side face of the base 54A through an attach-
ing plate 80 adjustable in height. A pulley 94 is
firmly mounted to a rotary shaft of the drive motor
92. A belt 96 passes around and extends between
the pulley 94 and the aforesaid pulley 86. The
tension force of the belt 96 is adjustable by verti-
cally moving the attaching plate 90.

On the other hand, on the fronti-face of the
right-hand base 54B are a pair of curved grooves
98 extending vertically and an circular segmental
plate 100 having a uniform width. The pair of
curved grooves 98 and the circular segmental plate
100 share the same center of arc as the center of
the left-hand sprocket 88.

A support plate 102 is arranged at the front
face of the segment section 100. The segment
section 100 has its both sides which are formed
with a pair of pawl sections 104 inserted respec-
tively in the curved grooves 98. By doing so, the
support plate 102 is capable of being inclined
through an angle equal to or larger than 5° about
the center of the lefi-hand sprocket 88 along the
section 100. If the tilting angle is less than 5°,
cutting into the object W will become difficuit to
start.

The support plate 102 has on its front face a
slide-rail 106 extending in the lefi- and right-hand
direction or the lateral direction. A pulley mounting
plate 108 is attached to the slide-rail 106 for move-
ment in the left-and right-hand direction. At the
front center of the pulley mounting plate 108 is a
shaft 110 which extends forwardly and coaxially. A
driving sprocket 112 is rotatably mounted to the
shaft 110 through a bearing. A hydraulic cylinder
114 is firmly mounted to the right-hand end-face of
the support plate 102 and is directed toward the
left. The hydraulic cylinder 114 has its rod which is
connected to the pulley mounting plate 108.

In connection with the above, an operating pan-
el 116 is firmly mounted to the right-hand end face
of the right-hand base 54B, and each section is
controlled by the operational panel 116.

The left-hand end of the support plate 102 is
bent in the forward direction in the shape of a letter
L. A rectangular back plate 118 extends between
the support plate 102 and the right-hand support
plate 80 in a plane common to the sprockets 88
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and 112. The back plate 118 is made of a material
such as SUP steel, SNCM steel, SKD steel, SK
steel, stainless steel or the like. The back plate 118
has its thickness which is the same as the flap 1.
Further, the vertical distance of the back plate 118
is made equal to the winding diameter of the chain
cuiter C which is driven by the sprockets 88 and
112. Furthermore, the upper and iower edges of
the back plate 118, along its entire length, are
formed respectively into a convex V-shaped cross-
section complementary with the sliding groove 42
formed oh the inner peripheral end of the chain
cutter C.

The chain cutter C extends between and is
wound about the sprockets 88 and 112. In the
linear section of the chain, the upper and lower
edges of the back plate 118 are fitted, respectively,
in the sliding grooves 42 and into the flaps 1 for
sliding movement.

As shown in Fig. 4, the sprockets 88 and 112
are made with a pair of discs 120 and 122 bonded
together to form a slit 124. The slit 124 has iis
opening width which is slightly larger than the
thickness of the flap 1. The plurality of cylindrical
pins 126 is firmly mounted to the interior of the slit
-124 at equal intervals in the peripheral direction. An
occluded angle between the pair of adjacent pins
126 defines a sprocket angle S.

Turning to the bases of the apparatus, on the
floor surface is formed a shallow gutter 128 at a
location between the columns 50, extending in the
front and rear directions. A pair of guide rails 130 is
mounted at the center of the guiter 128 in paraliel
relation to each other. A work platform 134
(hereinafter referred to as table 134) having its
lower surface provided with two pairs of wheels
132 rests on the pair of guide rails 130. Further, a
traction wire 136 connected to a drive machine (not
shown) is connected to the longitudinal ends of the
table 134, so that the table 134 is movable along
the guide rails 130.

Now, the above-described various devices or
instruments are used to cause the chain cuiter C to
perform cutting in the foliowing manner. First, the
elevating motor 58 is operated to move the bases
54A and 54B upwardly, and the object W such as
stone or the like resting on the table 134 is posi-
tioned longitudinally, i.e. along the chain cutter C.

Subsequently, the support plate 102 is moved
downward along the curved plate section 100, to tilt
the entirety including the chain cuiter C and the
back plate 118. The support plate 102 is fixed at
this lowered position. Further, the left-hand support
plate 80 is adjusted to apply an adequate tension
to the back plate 118. The hydraulic cylinder 114 is
operated to pull the attaching plate 108 toward the
right. In this manner, the tension force of the chain
cutter C is set to an adequate value.
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Under this condition, the drive motor 92 is
operated. The elevating motor 58 is operated while
rotating the chain cutter C in the direction shown
by the arrows in Fig. 1, to lower the entire chain
cutter C at a predetermined cutting speed. Thus,
the chain cutter C is cut into the object W from the
lowered right-hand corner. If a certain degree of
cutling depth is reached in due course, the support
plate 102 is raised along the curved plate 100, and
the chain cutter C is returned io its horizontal
position and is locked in place. Cutting proceeds
further until the operation has been completed on
the object W.

According to the chain cutter C constructed as
above, there are produced the following advan-
tages:

1. Since the thickness of the flap 1 and the
backplate 118 is less than that of the cutting
device 4, the depth of cut is not restricted by
the presence of the sprockets 88 and 112, and
the chain cutter is able to cut deeply into the
object W. Also, the cutting apparatus does not
limit the width of the object, i.e. the size in the
direction perpendicular to the cutting plane.

2. Since the plurality of metallic flaps 1, each in
the shape of a plane plate, is connected flexibly
to form the chain body 2, a sufficient cutting
force can be obtained by the chain cutier by
using relatively thin cutting device 4, compared
with the conventional cutting methods such as
larger-diameter metal saw or wire saw. It is also
possible to reduce the thickness of the cutting
bits 30 as compared with the conventional large-
diameter cutting blade, wire saw or the like.
Thus, the cutting loss can be reduced, and
therefore, the product yield from the object W is
improved.

3. Since the flaps 1 are connected to each other
for angular movement, stress fatigue is difficult
fo occur, even in the regions around curved
sections such as the sprockets 88 and 112, after
prolonged used of the cutter. Therefore, it is
possible to use the chain cutter C with a high
cutting force, thus permitting higher settings of
tension and bite than allowable in conventional
cutting methods, leading to improved cutting
efficiency.

4. Since a rigid back plate 118 is provided on
the inner peripheral end of the chain cutter C,
the cutting load is supported mainly by the
backplate 118, thus permitting straight-line cut-
ting at high applied load.

5. Since the individual flaps 1 can be added or
taken off to change the total length of the chain,
the chain length can be easily adjusted to cus-
tom requirements.

6. The flaps can be mass produced to lower the
overall cost of the equipment as well as the cost
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of cutting operation.

7. Since the linked chain assembly does not
permit deflection in the transverse direction (to
the cutting plane), there is little vibration of the
individual flaps during cutting, and since the bit
30 cuts into the object while being supported by
the flap 1 to keep its straightness, cutting action
of the chain is stable and accurate, and the
resulting cut surface surface is smooth and has
high plainness. At the same time, since the
cutting bit 30 is worn off uniformly along its
entire length, the abrasive grains are used effi-
ciently, leading to lower cutting cost.

8. since the chain cutter C operates in tho same
plane as the plane of rotation of the sprockets
88 and 112, the equipment space needed is
less than that of the conventional cutting means
such as a band saw.

9. Vibration occurring during cutting is attenu-
ated at the connecting sections between the
flaps 1, so that noises are lower compared with
conventional cutting methods.

10. Since the flap connections wear, the chain
gradually lengthens with use to make the chain
unusable, there is no danger of sudden break-
age of the chain, Therefore, this chain offers a
high degree of operational safety in comparison
to a wire saw.

11. The cutling device 6 are detachable from
the flaps 1 so that the worn cutting bits 30 can
be replaced readily while the chain is in the
curved region of the cutter without demounting
the whole chain from the sprockets 88 and 112,
thus permitting improved efficiency of the opera-
tion.

12. Since the staking groove 12 is formed ar-
ound the connecting cut-out 10, and since the
ring portion 14 around the groove 12 is bent to
lock-in the connecting tab 8, the connecting cut-
out 10 and the connecting tab 8 can be made
equal in thickness. Accordingly, it is possible to
reduce the overall thickness of the chain cutter.
Furthermore, since the connecting sections be-
tween the respective flaps 1 are made flush with
each other, shavings and other machining debris
are not easily accumulated on the connecting
sections, to cause wear and binding of the
mechanisms. Thus, the chain construction is
made simple as compared with other connecting
structures and the manufacturing cost is low.

13. Since the driving recesses 6A and 6B in the
flap 1 are present, idle running by the sprockets
88 and 112 is difficult to occur during the opera-
tion so that cutting which presents high cutting
resistance can be done without problem. Fur-
thermore, since the driving recesses 6A and 68
are present respectively at both ends of the flap
1 on the inner end, the opening width between
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the adjacent recesses 6A and 6B is enlarged in
the straight line section than in the curved re-
gion of the chain cutter C. Therefore pins 126 of
the respective rotating sprockets 88 and 112
can enter into and disengage from the recesses
B6A and 6B smoothly. Thus, there is no case
where the pins 126 interfere with the opening
edges of the respective recesses 6A and 6B.
16. Since the engaging groove 38 and the en-
gaging projection 40, which are machined on the
opposite sides of the flap 1, mesh with each
other in the straight line section of the chain
cutter, and since the flaps 1 are firmly mounted
on a rigid single plate, distortion of the chain C
perpendicular o the cutling plane does not oc-
cur, and the cutting accuracy is raised. Further-
more, since the slit 22 of each flap 1 is firmly
closed in the straight line section, there is no
danger that the cutting device 4 will fall off
during cutting.

In connection with the above-described em-
bodiment, the recesses 6A and 6B were formed,
respectively, at both sides of the inner face of the
flap 1 as an engaging/driving components. They
can be substituted with a semi-circular recess in
the center area of the inner face of the flap 1.
Moreover, the arrangement may be such that a
projection is formed on the inner face of the flap 1
while a recess to mesh with the projection can be
formed on suitable locations of the sprocket.

Furthermore, the cutting bit may be firmly
mounted to the flap so as to be incapable of being
demounted, by means such as brazing or the like.
Alternatively, the cutting bit may be firmly mounted
by any suitable detachable means.

Further, in the above-described first embodi-
ment, the sliding groove 42 for the backing plate
118 was formed in the flap 1. However, the ar-
rangement may be such that a projection is formed
on the end face of the flap 1, while a sliding groove
is formed on the end face of the backing plate 118.

Moreover, it is also possible to apply one of
the following surface treatments to appropriate por-
tions of the flap 1 or the cutting apparatus, to raise
its corrosion resistance and wear resistance.

(a) One or more materials selected from the

group consisting of carbides such as Tic,
nitrides such as TiN, borides such as BN, ox-
ides such as Alz0sz, and other hard materials
such as diamonds, are coated on the entire
surface or a sliding surface of the flap 1 by the
use of ion plating method, PVC method, CVD
method or the like. In this connection, the sliding
surface referred here indicates the outer periph-
eral surface of the connecting tab, the inner
peripheral surface of the connecting cut-out 10,
the inner surfaces of the respective driving re-
cesses BA and 6B, the inner surface of the
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sliding groove 42, the end faces of the back
plate 118, the outer peripheral surface of the pin
126, and other surfaces of high wear.

(b) Powder plasma cladding, weld cladding, or
the like is used to form a wear-resistant material
coating layer such as ceramic, cobalt alloy or
the like on the entire surface or the sliding
surface of the flap 1.

(c) A thin plate or the like high in wear resis-
tance comprising cemented carbide, high-
strength ceramics or the like is firmly mounted
to the inner surface of the sliding gronve 42 or
the end faces of the back plate 118, Ly attach-
ing means such as brazing, staking fixing or the
like. If possible, the thin plate or the like may be
firmly mounted to other sliding surfaces.

(d) Kanizen plating, hard chromium plating, nick-
el plating or the like is applied to the entire
surface or the sliding surface of the flap 1.

(e) Nitriding treatment or carburizing treatment
is applied to the entire surface or the sliding
surface of the flap 1 within a vacuum heat-
treatment furnace or the like.

A second embodiment of the invention will be
described next with reference to Fig. 19.

The chain cutter is characterized in that, in
place of having the driving recesses 6A and 6B in
the inner face of the flap 1, a circular through bore
204 is formed at the center of the connecting tab 8
on each flap 1.

Each of the through bores 204 is placed so as
not to reduce the strength of the connecting tab 8,
and the diameter of this bore is set to a size so
that a plurality of drive pins 206 formed on the
outer periphery of the sprocket 200 (subsequently
to be described) can easily get into and out there-
from, while the sprocket 200 is rotated. The edge
of the front surface of the through bore 204 is
chamfered so that the drive pin 206 can enter the
through bore smoothly from the front surface end
of the flap 1. Other constructions are the same as
those of the first embodiment.

The above-described chain cutter is used as
follows. The chain cutter is wound on a pair of
rotatable pulleys (not shown). Further, as shown in
Fig. 20, a pair of drive sprockets 200 and 202 are
provided which cooperate with each other to clamp
there between the straight line section of the chain
cutter

One of the pair of drive sprockets 200 has its
outer peripheral surface to which the plurality of
drive pins 206 are firmly mounted at the same
intervals as the through bores 204 in the chain
cutter C. The outer peripheral surface of the other
drive sprocket 202 is formed into a simpie cylin-
drical surface.

Rotation of each of the sprockets 200 and 202
causes the drive pins 206 to be successively fitted
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in the through bores 204 to drive the flap 1 and
thereby the chain cutter C to perform cutting op-
eration.

In connection with the above, the configuration
of the through bore 204 can be modified into an
elliptical bore, an elongated bore, a rectangular
bore, or the like which extend in the longitudinal
direction of the chain cutter G, to facilitate entering
of the drive pin 206. Further, the through bore 204
is not limited in its position to the illustrated posi-
tion, but may be formed in another location which
does not affect the strength of the flap 1. as in-
dicated by N in Fig. 19, for example.

Next, Figs. 21 and 22 show a third embodiment
of the invention. The third embodiment is char-
acterized in that the flaps 1 are connected t0 each
other through a plurality of pins 210 for angular
movement.

On one side end of the flap 1 is formed a
connecting projection 212 in the shape of a semi-
circular tab, having half the thickness of the flap 1.
The connecting projection 212 is flush with the rear
end of the flap 1. On the forward end of the flap 1
is formed a semi-circular connecting recess 214
which is concentric with the connecting projection
212 and which has its depth equal to half the flap 1
thickness. The connecting recess 214 has its diam-
eter which is slightly larger than that of the con-
necting projection 212. A circular pin bore 216 is
formed at the centers of the respective connecting
recess 214 and projection 212, The pin bore 216
has, at its back face side, an opening edge which
is chamfered.

On the rear end of the flap 1, there is a similar
connecting projection 218 having the same con-
figuration as that described previously. A connect-
ing recess 220 similar to that described above is
formed on the back face side of the flap 1. A pin
bore 222 is formed at the centers of the respective
connecting projection 218 and recess 220, and the
eniry surfaces of the bore are chamfered. The line
joining the centers of the respective connecting
projections 212 and 218 of the same flap 1 is
parallel to the inner end of the flap 1 and to the
cutting surface of the cutting bit 30.

When the connecting projections 212 and the
connecting projections 218 of the flaps 1 are con-
centrically superimposed upon each other, the con-
necting pins 210 are inserted through the pin bores
222 and 216 of the connecting projections 212 and
218. Both ends of the connecting pin 210 are
collapsed and are made flush with the front and
rear faces of the flap 1, whereby the connecting
projections 212 and 218 are prevented from falling
off. The connecting pin 210 is made of material
superior in wear resistance and strength such as
SKD steel, SNCM stesl, or the like.

Further, in this embodiment, a semi-circular
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segment mounting recess 224 is formed in the
center of the outer end of the flap 1, and cor-
respondingly, the configuration of the projection
28A of the bit support 28 is also modified.

Moreover, a rectangular jig inserting bore 226
is formed at the central region of the slit 22 and,
accompanied with this, the mounting and demount-
ing jig 32 is also modified so that, as shown in
Figs. 29 through 31, the tip end 36A of the shaft 36
is formed into a square cross sectional configura-
tion complementary with the jig inserting bore 226.

Furthermore, in this embodiment, dimension is
set so that both of the side surfaces of the flaps 1
are abutted against each other in the straight sec-
tion of the chain. The side surface of the flap 1 is
not formed with the twist-preventing engaging sec-
tions 38 and 40. This arrangement is also possible.

Next, Figs. 23 and 24 show a fourth embodi-
ment of the invention. This fourth embodiment is
characterized in that a plurality of C-rings 230 are
used to connect the flaps 1 to each other, thereby
easily releasing the connection.

The flap 1 has its one side surface which is
formed with a connecting projection 232 similar to
the first embodiment. As shown in Fig. 24, how-
ever, the thickness of the connecting projection 232
is slightly thinner than that of the flap 1. The flap 1
has its front surface side which is formed with a
curved step portion 234 at a root of the connecting
projection. Further, the outer peripheral surface of
the connecting projection 232 is formed info a
tapered surface 232A which is narrowed at the rear
face side of the flap along the entire length.

On the other hand, the flap 1 has its other side
face which is formed with a connecting cut-out 236
in which the connecting projection 232 is accom-
modated. The connecting cut-out 236 has its inner
peripheral surface which is formed into a tapered
surface 236A which is complementary with the
aforesaid tapered surface 232A. Furthermore, the
tapered surface 236A is formed with a ring groove
238 along the entire length. Further, the above-
mentioned step 234 is also formed with an curved
ring groove 240 which is contiguous to the afore-
said ring groove 238.

The connecting projection 232 is accommo-
dated bin the connecting recess 236, and the C-
ring 230 made of a metallic thin plate is accom-
modated in the aforementioned ring grooves 238
and 240. Thus, the connecting projection 232 per-
mits rotational movement but not the movement in
the thickness direction. According to the connect-
ing structure described above, a tip end of a tool is
inserted into the holes in the C-ring 230, and the C-
ring 230 is squeezed and is removed from the ring
grooves 238 and 240, thereby enabling connection
between the flaps 1 to be released. Thus, the
following advantages are produced. That is, it is
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possible to easily replace the worn flap 1, or to
easily alter the connecting number of the flaps 1 to
modify the length of the chain. In connection with
the above, the arrangement may be such that the
connecting structure due to the C-ring 230 is ap-
plied only to a part of the flap 1, and the aforemen-
tioned other connecting structure is applied to the
connection of the other flaps 1. By doing so, with
the flaps 1 previously connected to each other into
a predetermined length serving as a unit, it is
possible to replace partially the flaps 1 and to alter
the length of the chain.

Further in place of the C-ring 230, an annular
snap ring or the like can be used.

Next, Figs. 25 through 27 show a part of a
chain cutter for wood, according to a fifth embodi-
ment of the invention.

In this fifth embodiment, in place of the afore-
said cutting device 4, a cutling-edge segment 250
is mounted to each of the flaps 1. The flap 1 by
itself may be made similar to that described in the
previous embodiments.

The cutting-edge segment 250 is made of a
material such as SK steel, SKH steel, SKD steel,
cemented carbide or the like. The cutting-edge
segment 250 has its one end which is formed with
saw cutting teeth 252 for wood. The saw cutting
teeth 252 are bent alternately in the thickness
direction of the flap 1. Further, the other end of the
cutting-edge segment 250 is integrally joined with a
projection 250A similar to the case of the cutting
device 4.

The chain cutter is mounted to the aforesaid
cutting apparatus, and is used in cutting of iarge
wood or the like by a method similar to that de-
scribed previously. If the sharpness or quality of
the cuiting-edge segment 250 is degraded, the
cutting-edge segment 250 can be replaced with
new one by the use of the mounting and demount-
ing jig 32 shown in Figs. 29 through 31, at the
curved sections of the chain cutter.

In connection with the above, in the case of
such chain cutter for wood, as shown in Fig. 28, an
arrangement is possible in which the torsion pre-
venting engaging sections 38 and 40 at the respec-
tive side surfaces of the flap 1 are omitted.

Next, Figs. 32 through 34 show a chain cutter
for wood according to a sixth embodiment of the
invention. The sixth embodiment is characterized in
that each saw tooth 262 of the cutting-edge seg-
ment 260 has a nose section 262A which is formed
by a sintered body consisting of diamond, CBN or
the like.

According to the sixth embodiment, the service
life of the cutting-edge segment 260 can consider-
ably be lengthened more than the above-described
chain cutter illustrated in Fig. 25, so that it is
possible to reduce the replacement frequency of
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the cutting-edge segment 260 to raise the oper-
ational efficiency. Moreover, Fig. 35 shows an ex-
ample in which the torsion preventing engaging
sections 38 and 40 are omitted.

In connection with the above, the configuration
of the cutting-edge segment is not limited to the
illustrated example, but the pitch, ion and configu-
ration of the cutling edge may suitably be modi-
fied. Further, the arrangement may be such that
the cuiting-edge segments 250 and 260 are inter-
mittently fixed to the flaps 1, in place of the fact
that the cuiting-edge segments 250 and 260 are
fixed to all the flaps 1.

Next, Fig. 36 shows a seventh embodiment
which is characterized in that the peripheral sur-
faces of the connecting tab and the connecting cut-
out 10 are formed perpendicular to the flap surface.
Further, in the seventh embodiment, the depth of
the sliding groove 42 for the back plate is formed
deeper than that of each of the aforementioned
embodiments.

It is desirable that the sliding groove 42 has its
width which is of the order of 30% to 50% of the
thickness of the flap from the viewpoint of strength.
Furthermore, it is preferable that the sliding grcove
42 has its depth which is of the order of 50% to
200% of the thickness of the flap 1, in order that
the engaging force of the flap 1 in the thickness
direction increases sufficiently.

According to the chain cutter, since the periph-
eral surfaces of the respective connecting cut-out
10 and tab 8 are configured as simple cylindrical
surfaces, mere unfastening of the chain cutter from
the back plate 118 and the sprockets 88 and 112
enables each flap 1 to be removed in the thickness
direction. Accordingly, replacement of the worn-off
flaps 1, alteration in the length of the chain body 2,
and so on are practiced extremely easily and
quickly.

Further, since the peripheral surfaces of the
respective connecting cut-out 10 and tab 8 are
configured respectively as peripheral or circum-
ferential surfaces, it is possible to form the flaps 1
with high accuracy by a relatively simple process-
ing method. Thus, the manufacturing cost can be
reduced.

Nexi, Figs. 38 through 40 show a chain cutter
according to an eighth embodiment of the inven-
tion. The chain cutter comprises a plurality of flaps
1, in each of which a pair of outer plates 1A and 1C
and an inner piate 1B formed by punching process
or the like are bonded to each other in three layers
by means of spot welding or the like. The inner
plate and the outer plates 1A and 1C have their
respective configurations which are partially dif-
ferent from each other, thereby forming the engag-
ing projection 40 and the sliding groove 42 for the
back plate, as well as the groove 18A in the seg-
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ment mounting recess 18, which has a C-shaped
cross-sectional configuration.

As shown in Fig. 30, the engaging groove 38
and the engaging Projection 40 are engaged with
each other against movement in the thickness di-
rection in the case where the connecting angle
between the adjacent flaps 1 is equal to or less
than the sprocket angle S. When the connecting
angle. is made slightly larger than the sprocket
angle 5, the engaging groove 38 and the engaging
projection 40 are disengaged from each other.

In the eighth embodiment, the respective con-
figurations of the mounting recess 18 and the
mounting projection 28A of the cutting device 4 are
modified respectively into elliptical configurations
elongated in the connecting direction of the flaps 1.

According to the eighth embodiment since the
flap 1 is made in a three-layer construction, mere
punching process and spot welding of the thin
plates enable the sliding groove 42, the engaging
groove 38, the engaging projection 42 and the
groove 18A to be formed easily and at high preci-
sion. Thus, it is possible to reduce the processing
cost as compared with the construction in which
they are formed by grinding processing. Further,
since the depths of the respective grooves 38 and
42 and the quantity of projection of the engaging
projection 40 are made large, it is possible to raise
the torsion preventing effects of the flaps 1 cor-
respondingly.

In connection with the above, in order to re-
place the flaps 1 by new ones in the above eighth
embodiment, the chain cutter C is loosened, and a
part of the chain cutter C is bent more than the
sprocket angle S. doing so, the engaging groove
38 and the engaging projection 40 are disengaged
from each other, so that it is possibie {o freely
remove the flap 1.

Next, Figs. 41 and 42 show a ninth embodi-
ment which is characterized in that the connecting
tab 8 and the connecting cut-out 10 between each
pair of adjacent flaps 1 are formed respectively into
a semi-circular configuration.

The connecting tab 8 has its peripheral sur-
faces 8A and 8B at both side edges thereof which
are identical in arc with each other. As shown in
Fig. 43, the central angle alpha between the periph-
eral surfaces 8A and 8B is set equal to or larger
than 120°. If the central angle aipha is less than
120°, the connecting strength between the flaps 1
is reduced.

The connecting recess 10 has a pair of periph-
eral surfaces 10A and 10B which corresponds re-
spectively to the aforesaid peripheral surfaces 8A
and 8B. The ceniral angle beta between a pair of
opening ends 10C of the connecting cut-out 10 is
formed larger than the central angle beta between
the pair of constricted sections 8C of the connect-
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ing tab 8.

In connection with the above, under the con-
dition that the flaps 1 are connected to each other,
a slight gap is left between the connecting cut-out
10 and the connecting tab 8. However, insertion of
the thickness gage into the gap enables the quan-
tity of wear of each of the connecting cut-out 10
and the connecting tab 8 to be judged.

According to the ninth embodiment, since the
connecting tab 8 and the connecting cut-out 10 are
made in a semi-circular configuration, the quantity
of projection of the connecting tab 8 and the depth
of the connecting cut-out 10 can remain small,
even if the size of the parts is increased. Accord-
ingly, it is possible to decrease the width of the flap
1 in the connecting direction, and the strength of
the connecting cut-out 10 can be raised to improve
the connecting strength, to counter the reduction in
depth of the connecting cut-out 10.

In connection with the above, Fig. 456 shows a
modification of the above-described ninth embodi-
ment, in which each of the flap 1 and the chip
support 28 is formed into a three-layer construc-
tion.

Next, Figs. 46 and 47 show a tenth embodi-
ment of the invention, which is characterized in that
a mounting recess 300 and the slit 22 are formed
in the bit support 28 of the cutting device 4, while a
mounting projection 304 is formed on the flap 1.

Furthermore, in this tenth embodiment, an en-
gaging groove 306 is formed in the end face of the
straight line section of the connecting tab 8. An
engaging projection 308 is formed in the end face
of the connecting cut-out 10 which corresponds to
the engaging groove 306.

According to the tenth embodiment, even in
the case where the elastic engaging part 26 is
possibly broken or deformed, no effect or influence
is imparted upon the flap 1. Since mere replace-
ment of the cutting device 4 by new one completes
repair, the service life of the flap 1 can be pro-
fonged.

Further, when the chain cutter C is extended in
a straight line manner, the engaging projection 308
and the engaging groove 306 of each adjacent
flaps 1 are engaged with each cther. Thus, torsion
of the flaps 1 in the thickness direction is further
prevented. Accordingly, the arrangement is also
possible in which the engaging projection 38 and
the engaging 40 for prevention of torsion are omit-
ted. Of course, also in this tenth embodiment, the
flap 1 can be brought to a three-layer construction,
as shown in Fig. 48.

Next, Figs. 43 and 50 show an eleventh em-
bodiment of the invention. The eleventh embodi-
ment is characterized as follows. That is, a pair of
projections 310 and a pair of grooves 312 in the
shape of a V-shaped cross-section, complementary
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with each other, are formed in the respective pe-
ripheral surfaces 8A, 8B, 10A and 10B of the
connecting tab 8 and the connecting cut-out 10.
The projection 310 and the groove 312 are fitted in
each other for sliding movement, but against move-
ment in the thickness direction of the flap 1.

An angular-movement angle theta (Fig. 49) of
the connecting tab 8 within the connecting cut-out
10 is larger than the sprocket angle S when the
flaps 1 are arranged in a straight line manner. An
pension line of the end face 10D of the connecting
cut-out 10 on the inner peripheral end thereof is set
to be in contact with the end face 10C of the
connecting cut-out 10 on the outer peripheral end
thereof.

Furthermore, in the eleventh embodiment, the
mounting projection 28A of the bit support 28 and
the mounting recess 18 in the flap 1 have their
respective configurations each of which is formed
into a shape in which a pair of arcs are connected
to each other by a straight line. The shape has
such an advantage that the mounting recess 18
can easily be processed by an end mill.

According fo the eleventh embodiment, since
the flaps 1 are prevented from separation in the
thickness direction by engagement between the
projection 310 and the groove 312, the flaps 1 are
difficult to be separated from each other during
cutting or transportation of the apparatus.

On the other hand, when the flaps 1 are re-
placed by new ones, as shown in Fig. 52, large
yielding of the chain cutter C toward the inner
periphery enables the connecting tab 8 to be re-
move from the connecting cut-out 10 in the direc-
tion of the arrow. Thus, replacement of flaps 1 can
be done easily and quickly.

In connection with the above, also in this elev-
enth embodiment, the flap 1 can be brought to a
three-layer construction as shown in Figs 51.

Figs. 53 and 54 show a twelfth embodiment of
the invention. In the twelfth embodiment, the ar-
rangement is such that, as shown in Fig. 53, the
size of the projection L of the connecting tab 8
does not reach the center 01. Each of the curved
peripheral surfaces 8A and 8B is formed with a
projection 160, and each of the pair of curved
peripheral surfaces 10A and 10B of the connecting
cut-out 10 is formed with a groove 312 only at a
portion having a predetermined length from the
opening edge.

In this twelfth embodiment, as shown in Fig.
56, shortening of the connecting length of the flaps
1 enables the projection 310 and the 312 to be
disengaged from each other, making it possibie o
separate the flaps 1 from each other in the thick-
ness direction.

According to the twelfth embodiment, the flaps
1 are not disconnected from each other regardless
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of the connecting angle between the flaps 1, during
such a period that tension is applied to the flaps 1.
Once the chain cutter C is shortened or contracted,
however, there is produced an advantage that the
flaps 1 can easily be cut off.

In connection with the above, also in this em-
bodiment, the flap 1 may be formed into a three-
layer construction, as shown in Fig. 55.

Furthermore, although, in the above-described
twelfth embodiment, the connecting tab 8 has its
forward end face which is set to the rear of the
curved center 01, it is also possible that the for-
ward end face is set forwardly of the center 01. In
this case, the depth of the connecting cut-out 10
should be enlarged, and a room should be forced
in which the connecting tab 8 can be moved for-
wardly within the connecting cut-out 10.

Next, Figs. 57 and 58 show a thirteenth em-
bodiment of the invention. In the thirteenth embodi-
ment, when the flaps 1 are not connected, the
peripheral surfaces 10A and 10B of the connecting
cut-out 10 are so that only portions from the thick-
ness center of the flap 1 toward the rear face
thereof are made into tapered surfaces 314, while
portions from the thickness center toward the front
face are made respectively info vertical surfaces
316.

Further, the front face of the flap 1 is formed
with a pair of curved staking grooves 318 at their
respective remote locations through a predeter-
mined distance from the vertical surface of the
connecting cut-out 10.

The connecting tab 8 is fitted in the connecting
cutout 10 from the side of the front face of the flap
1, each of the pair of staking grooves 318 is
enlarged along the entire length, and a pair of
projecting sections 320 on the insides of the re-
spective staking grooves 318 are deformed inward-
ly, whereby the connecting tab 8 is supported by
the connecting cut-out 10 for angular movement,
but against separation in the thickness direction of
the flap 1.

According to the thirteenth embodiment, after
the chain cutter has been assembled, the connect-
ing tab 8 can not be removed from the connecting
cut-out 10, so long as the projection 320 is not
deformed. Thus, the thirteenth embodiment is suit-
able in the case where it is not desirable to have
the connection between the flaps 1 loose during
handling.

Next, Figs. 59 and 60 show a fourteenth em-
bodiment of the invention, which is characterized in
that the curved peripheral surfaces 8A and 8B of
the connecting tab 8 and the curved peripheral
surfaces 10A and 10B of the connecting cut-out 10
are formed respectively intc spherical surfaces
which are complementary with each other.

According to the above construction, the en-
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gaging groove 40 and the engaging projection 38
of the adjacent flaps 1 are disengaged from each
other, and the flap 1 is twisted as shown in Fig. 60,
whereby the connecting tab 8 can easily be dis-
engaged from the connecting cut-out 10. Accord-
ingly, replacement of the flaps 1 and adjustment in
the length of the chain can easily be done.

Figure 61 shows a fifteenth embodiment of the
invention concerning the cutting apparatus. In the
apparatus shown in Fig. 1, both the upper and the
lower edges of the back plate 118 was in contact
with the upper and the inner peripheries of the
cutter C. In this embodiment, only the lower edge
of the backplate is in contact with the lower periph-
eral region of the cutter C in the linear section.

The vertical distance between the upper and
the lower edges of the backplate 118 is smaller
than the winding diameter of the chain cutier, and
the lower edge of the backplate is equipped with a
protrusion 118A, which is inserted into the sliding
groove 42, Other mechanisms remain the same as
in Figure 1.

Fig. 62 shows a sixteenth embodiment of this
invention. The components which are the same as
in Fig. 1 are not expiained further in this section.
This embodiment is characterized in that there are
four sprockets in stead of two. The additional
sprockets 400 and 402 are disposed in the same
vertical plane as the plane joining the sprockets 88
and 112.

The left-hand shaft 50 has a movable base
404A which is separated some distance from the
base 54A, and which can move freely veriically on
the shaft 50. From the base 404A projects a shaft
section 406A, upon which shaft is disposed a freely
rotatable sprocket 400.

The right-hand shaft 50 has a movable base
404B which is separated some distance from the
base 54B, and which can move freely vertically on
the shaft 50. From the base 54B projects a shaift
406B, upon which shaft is disposed a freely rotat-
able sprocket 402.

The distance between the bases 54A and 404A
is fixed and maintained by a spacer rod 408, and
the pair of bases 54A and 404A moves vertically
along the shaft while maintaining the constant sep-
aration.

The separation distance is adjustable with a
hydraulic pressure from a hydraulic pump 410,
which is located between the bases 54B and 404B.

The other components such as the backplate
118 locate between the bases 54A and 54B, and
the support plate 80 are the same as in Fig. 1.

According to this arrangement of the sprockets,
it is possible to keep the upper straight section X
of the chain C, which does not take part in the
cutting operation, away from the lower straight sec-
tion which is performing the cutting. Thin is useful
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in cases of cutting large objects, since the diameter
of the sprockets, 88, 112, 400 and 402, need not
be correspondingly large, thus it possible to cut
large objects with a compact cutting machine.

Therefore, when the size of the object to be cut
changes, it is only necessary to alter the separation
of the sprockets 400 and 88 in cooperation with
sprockeis 402 and 112. Thus, the chain cutter
arrangement shown in Fig. 62 enables cutting of
objects of varying sizes without changing the
sprockets. This is important since changing the
sprocket diameter changes the relative fit of the bit
groove with the sprocket teeth, and consequently, a
new sprocket requires a new flap. The versatility of
this chain cutter permits a cost efficient operation.

Although in the above preferred embodiment,
four sprockets were used, other arrangement such
as 3 or over 5 sprockets can also be used. If it is
necessary to cut with the upper straight section X
of the chain, relocate the sprockets 400 and 402
below the sprockets 88 and 112, and operate the
cutter by pressing from the top onto the bottom
surface of the object.

Fig. 63 shows a seventeenth preferred embodi-
ment, in which the cutters are arranged in plurality.
In- this illustrious, four cutters are arranged in a
multi-sprockets configuration effected by stacking
several plates 88A-88E forming a cylindrical rod
extending in the axial direction. There are plurality
of slits 124 on the circumference of the sprockets,
inside each slit is a corresponding chain cutter C to
be driven with the pins 126 which penetrate
through the plates 88B, 88C and 88D disposed at
equal distances around the circumference.

According to this muti-bladed chain cutter, it is
possible to produce several cut sections of rocks
and objects in a similar way o a gang-saw, permit-
ting a high efficiency operation. In confrast to the
reciprocating action gang-saw, however, the chain
cutter moves in one direction only, thus, the wear
of the rear region of the cutting area does not
occur. Excessive wear of the supporting region of
the abrasive area is thus avoided, and there is little
loss of cutting media from the abrasive bits. The
cutting movement is more efficient since the cut-
ting direction is unidirectional, unlike a reciprocat-
ing gang-saw.

In this preferred embodiment 17, it is possible
to provide for mechanisms within each sprocket for
adjusting the chain tension and for adjusting the
distance of separation of the cutting bits.

Fig. 64 is an eighteenth preferred embodiment
of this invention, characterized in that a provision, a
pair of protrusions 500 protruding perpendicularly
to the thickness direction, is made on the rear area
of the backplate 118. The thickness T1 of the
protrusion 500 is two times the thickness of the
cutting device 4. The tapered protrusion extends
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along the back plate towards the center of the
backplate 118 continuously and smoothly.

According to this preferred embodiment, when
the cutting depth into the object W is deeper than
the radius of the chain cutter C, the protrusion
performs the function of separating the two cut
surfaces so that the upper cutting edges will not
interference with said surfaces. In particular, as
shown by the double-dot broken line in Fig. 2, the
protrusion 500 is designed to prevent the bottom
edge 30a of the cutling device 4 will not interfere
with the edge Wi of the cut surface of the work
piece W to cause breakage of the work piece or of
the bits 30.

In reference to the above, it is not necessary to
have the protrusion 500 extending continuously
along the backplate 118, it can be disposed pe-
riodically along a suitable path.

Fig. 65 shows a variation of the protrusion 500
on the backplate 118. The protrusions are made
alternately on each side surface of the backplate
118.

Such protrusions 500 can be made easily from
simple plate shape materials. In comparison with
the shape of the protrusion shown Fig. 64, this
shape is able 1o lessen the impact shock, because
the latter shape is more elastic than the former.

Some modifications of the chain cutter are pre-
sented, below.

i) Instead of lowering the cutter C, raise the
table 134 towards the object W by providing the
table with a lifing mechanism.

if) Instead of tilting the cutter C, tilt the table 134
to adjust the angle of cut of the object W.

iii) In addition to sprockets 88 and 112, provide
a separate tension adjusting mechanism by
means of a pulley attached to the inside surface
of the cutter C.

ivy Use a driving mechanism to tilt the cutter C.
v) Automate all the cutter drives with the use of
numerical control (NC).

vi) Place the object W horizontally, for example,
so that the cutting is carried out horizontally.
Other configuration of the object W is also pos-
sible but they will not be listed here.

Claims

1. A cutting apparatus comprising;

(a) an endless chain body comprising a plurality
of plate-like flaps connected to each other for
angular movement in a common place, said
each flap having an end face on an inner periph-
eral side of said chain body, and at least a part
of said flaps having a cutting device at said end
face;

(b) a plurality of sprockets supporting said chain
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body in tension, and defining a common plane
of cut effected by the combination of the chain
body and the sprockets;
(c) a rigid backplate, of thickness not greater
than the thickness of the flaps, providing a firm
support to said rotating chain body to permit
sliding movement of said body within, said plane
of cut;
(d) a means for activating the rotational move-
ment of the sprockets in cooperation with the
chain body; and
(e) a means for moving an object or said chain
body toward each other to effect removal of a
matierial disposed within the extended plane of
said common plane of cut to effect separation of
an object into severed sections.
2. The cutling apparatus according to claim 1,
wherein the outer peripheries of said sprocket con-
tains a support means for maintaining said chain
body in a plane perpendicular to the sprocket axis.
3. The cutting apparatus according to claim 2,
wherein a plurality of pairs of said support means
and said chain body is provided perpendicularly
along the axis of the sprockets at preselected dis-
tances.
4. Cutting apparatus according fo claim 1, wherein
both surfaces of the rear region of the backplate is
equipped with at least a paired protrusions and the
distance between said protrusions is greater than
the thickness of the abrasive bit.
5. The cutting apparatus according to claim 1,
wherein the backplate is provided with an elongat-
ing means to adjust the longitudinal tension of said
backplate.
6. The cutting apparatus according to claim 1,
wherein a ftilting means is provided to indepen-
dently tilt said chain body or the object, and there-
by to vary at least some relative angles of cut
between the object and the chain body within the
common plane of cut.
7. The cutling apparatus according to claim 1,
wherein a plurality of protrusions present at equal
intervals on the peripheries of said sprockets, each
of the flaps having a pair of driving recess in its
forward and rear ends of said end face, and said
profrusions engage with corresponding driving re-
cesses detachably to provide the rotational move-
ment of the chain body in the forward direction.
8. The cutting apparatus according to claim 1,
wherein said chain body is an assembiy produced
by fitting a circular connecting tab of each flap into
a conjugate connecting cut-out of each adjoining
flap so as to permit angular movement of said
chain body while preventing the movement per-
pendicular to the common plane of cut.
9. The cutting apparatus according to claim 1,
wherein:
(a) the leading (forward) edge of each flap is
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formed into a connecting projection, having a
pair of circular peripheral surfaces;
(b) the rear (opposite to the leading direction)
end of the flap has a connecting cut-out having
a conjugate shape to said connecting tab; and
(c) the connecting tab of the flap is fitted in the
connecting cut-out of adjacent flap so that their
respective curved peripheral surfaces are abut-
ted against each other, to provide
(d) a chain body which is torsionally rigid but
movable.
10. The cutting apparats according to claim 1,
wherein some of said flaps, cooperating with each
other to form said chain body, are connected to
each other with detachabie means.
11. The cutting apparatus according to claim 1,
wherein the forward edge of a flap is equipped with
an engaging projection and a rear edge of the flap
is equipped with a complementary engaging re-
tainer to engage with each other in the linear sec-
tion of the chain body preventing movement of the
chain body perpendicular to the cutting plane.
12. The cutting apparatus according to claim 1,
wherein the flap is formed by bonding of three
plate elements.
13. The cutting apparatus according fo claim 1,
wherein the chain body has a plurality of through-
holes, each throughhole being present on the inner
peripheral area of each flap, disposed in the lon-
gitudinal forward direction of the chain body at
regular intervals; wherein alongside the chain body
is provided at least one driving means fo rotate a
sprocket equipped with a plurality of protrusions by
alternately engaging and disengaging with a plurai-
ity of throughholes in said chain body to move the
chain body in the forward direction.
14. The cutting apparatus according to claim 1,
wherein each of said cutting device is an abrasive
cutting bit.
15. The cutling apparatus according to claim 1,
wherein each of said cutting device is a saw teeth.
18. The chain cutter accerding to claim 1, wherein
each of said cutting device is securely mounted to
each corresponding flap in a detachable manner.
17. The chain cutter according to claim 16; wherein
said cutting device has a mounting tab on the inner
face, to correspond with a mounting recess formed
on the outer edge of the flap, providing a releas-
able connection with the chain body with the use of
an elastic engaging part disposed on the flap.
18. The cutling apparatus according to claim 1,
wherein the relative position of the backplate with
respect to the chain body is adjustable through a
positioning device.
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