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The invention concerns a method of cutting blocks (1) of hard materials into plates by the action of an abrasive, which Is added
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Abhstrace

The invention concerns a method of cutting blocks of
hard materials into plates by the action of an
abrasive, which is added in the loose state, and of a
continuous, revolving, fixed carrier. As a result of
being guided in peripheral grooves iﬁ cocaxial rollers
0L & roller system, the carrier forms a éhain through
which the material to be cut is préssed. The carrier,
which runs in the peripheral grooves in the rollers of

a roller system comprising at least one palr of

deflection rollers and at least one pair of guide
rollers, 1s pressed into the material to be cut suech
tnat it 1is guided in opposite directions in

respectively two adjacent cuts in the block.

CA 02247444 1998-08-26

— e

-dy



13

20

29

w037/32681 1 . PCT/1R97/00155

Methoed of cutting up blocks of hard substances into
plates by means of a wire saw, and wire saw for
carrying out this method

Field of Technologz

nard substances into plates, especially blocks
consisting of semi~-conductors, glass and ceramics, as

well as a saw for carryving out this methed.

Pravious State of the art
—m’_“ﬁ

For cutting up blocks of hard substances, e.qg. blocks
made of semi-conductors, ceramics and glass, a methoc
18 usvally used which vses the effecr of an abrasive
added in the locse state and a mevable colid carrier,
generally & continuous wire, on Tthe substance to be
cut. This method is characterised in that the
abrasive, distributed in a liguid, for example in oil,
1$ conveyed with the aid of a wire via =z system of
grooved rollers to the cutting point, the cut substance
peing gradually pressed by a chain of revolving wires,
The thickness of the cut plates is determined by the
distancé between the grooves in the rollers, the
thicknesé cf the wire oOr the granularity of the
abrasive, and the quality of the cut is cetermined by
the abrasive material and the block substance as well

/
as by additional technological parameters.
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109, US 4 640 259, US 4 903 682, US 5 201 305, us s 269
285 Oor GB 2 216 441, which describe devices and protect
various embodinments of same using the given principle.
A common feature ¢of the traditional solutions is that
the wire is led in a system of groovéd rollers in such
a& manneér that, during the cutting procesé, it moves in
all the cuts of the block in one direction at any giwven
time. The result of this is that the plates produced
do net have a constant thickness along the cut, i.e,
that they taper in the direetion of the movement of the
wireé as a result of the decreasing effect and amount of
Lne abrasive adhering to the wire as ie passes thrcugh
the cut in the block. The size of the taper can be
partilaily corrected by moving the wire in borh
directions, by guiding the moving wire after a certain
cutting time, with the aid of reverse switching the
movement, 1in all the block cuts in an Opposite
direction. However, a disadvantage of this method
consists in the fact that thce cutting process is
noticeably slowed down and the cutting does not proceed
continuously since it involves great enerqgy losses when
the movement of the wire is stopped and started, the

p

poesibility of interference in the cyclically reversed

-y

and stressed nodal points of the devieeo increasing,

!
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Essence of the Invention

The method defined in claim 1 overcomes the
disadvantages listed above. Its essence consists in
the fact that the continuous SOlid carrier, which runs
> in the peripheral grooves in the rollers of a roller

system consisting of at least one pair of deflection
rollers and one pair of guide rollers, is pressed intc
the material to be cut such that it is guided in
Opposite directions in respectively two adjacent cuts

10 in the bleck. The ceontinuous seolid carrier in the
chain of the roller system is here guided repeatedly in
peripheral grooves from the upper side of the first
aeflection roller over the upper side of the guide
xcller lying copposite on to the lower side of the

15  adjacent sccond deflection roller, after passing which
1t is guided over the upper side of the guide roller
orlented in tThe opposite direction back to the lower

side of the first deflection roller and then back ta

its upper side.

The saw for cutting up blocks according to this method
conslists ©f a roller system which has rollers provided
with peripheral grooves and which is attached to a
frame, a table with mountings, a wire guide and an

25 arrangemént for transporting and heat-stabilising the
abrasive. It is characterised in that fhe roller

system 1s formed from at least one pair of quide

CA 02247444 1998-08-26
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rollers and at least one pair of deflection rollers,
the deflection rollers being so mounted in relation te

the guide rollers that the guide roller and deflection

roller mounted beside one ancther rotate in opposite

n

directions, the direction of rotation between the two
guide rollers and the two deflection rollers being

likewise opposed,

In an advantagéous embodiment, the deflection rollers
10 and the guide rollers are positioned in such a way that
the upper surface line of the deflection rollers is
disposed higher than the upper surface line of the
guide rollers and the position of the guide rollers is

axially adjustable in 2 fizxed frame. The so0lid carrier

—
N

15 wound several times around the periphéral grooves of
the roller arrangement in such a way that it forms a
chain in which it is guided into the wo:king‘space
between the pair of guide rollers in copposite
directions in respectively two adjacent peripheral
20 grooves from tne top sloping downwards or from the
bottom sloping upwards.,
In the cutting mecthod proposed, greater efficiency is
achieved in that, whilst maintaining the necessary
25 speed and the continuous cutting process, i;e. without

energy-consuming reverse switching of the direction of

movement of the solid carrier, cut plates with even,
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parallel walls are obtained without the previous

Lapers.

Desaription of. the Diagrams in the Drawianags

5 The cutting method and the construction of the wire saw

which explain the invention are illustrated with the

aid of the attached drawing. The figures show:

Fig. 1
10

Fig.la
15

Fig. 2

Fig. 3
20

Fig. 4
23

an arrangement of a four-roller system
comprising twoc deflection rollers and two
smaller guide rollers with parallel axes 1in
one plane,

a perspective view of the arrangement of four-

roller system according to Fig. 1,

the same roller system as in Fig. 1, but

arranged in such a way that the axes of the

two pairs of rollers lie in different planes,

an alternative arrangement of the system with

deflection rollers of smaller diameter and

guide rollers of greater diameter,

an embodiment of the four-roller system with

rollers of identical diameter mounted in one

plane,

CA 02247444 2002-09-03
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Fig. 5 an alternative roller system in which
additional rollers are attached, inserted

between the deflection and guide rollers, and

5 Fig. 6© the overall diagrammatic view of the basic

functional elements of the wire saw.

Embodiments of the Invention, given by way ¢f Example

10 The saw for cutting blocks 1 ¢f hard materials into
plates consists of four basic main structural and
technological areas, these being the roller system, the
table with mountings, the wire storage convtainer and
the device for transporting the abrasive and

15 stabilising its temperature. The roller unit forms the
core of the saw and consists of at least cne pair of
deflection rollers 2 as well as one palr of guide
rollers 3, which are attached to g fixed frame 4. The
latter 18 securely connected to the support of the

20 table 5 and ensures the necessary mechanical stability
and rigidity of the roller system. Tne pcsition of tha
gulde rollers 3 in the fixed Irame 4 1s axially
adjustable, the deflection rollers 2 being mounted in
relation to the guide rollers 3 in such a way that the

25 upper surface line of the former-is higher than the

upper surface line ¢of these gulide rollers 3. The

surfaces of the rollers 2 and 3 are finely ground and

CA 02247444 1998-08-26
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provided with a system of peripheral grocves & Ior
guiding the continuous, revolving, fixed carrier 7,
preferably with a wire which forme a chain for pushing
through the block 1 during cutting. One of the rollers

5 2, 3 of the roller system is configured as a driving

. roller and connected to & drive motor, not shown, with
infinitely variable speed control, which makes 1t
possible to set the movement speed of the continuous
carrier 7 in a‘range of values between 0 and 15 m.s™

10 Iin poth directions.

The table 5 of the saw is divided and serves to fix the
orientation of the block 1 tc be cut, e.g. consisting
of semi-conductor crystals, and to orient the latter

15 eadditionally in relation to the cutting plane, For the

controlled insertion and pressing of the block 1 into
the chain of the continuous, revolving solid carrier 7,
wound round the roller system, the table 5 is provided
with siide rods 21 and & drive system 254, €.¢. &

20 computer—-controliled motor, the rate of feed ci the
table 5 being adjustable within the range between 0 and

1

1000 um.s™, both upwards and downwards, in both

directions. The bleock 1 to ke cut is mechanically

fastened to the table 5 wvia a system of glass or
/

25 graphite sheets 8, and the cutting size ¢©If the block |
or the information concerning its remaining thickness

is monitored with the aid of an incremental linear

CA 02247444 1998-08-26
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probe 9. The end positions ¢f the moving table 5 are
here secured by means of limit switches 10, and in
order to reduce the extreme lcocad on the individual main

structural areas during its movement, the table 5 is

I3

mrovided with a balancing weight 11 which compensates

for the mass ¢of the mechanics of the table 5 and that

of the block 1 to be cut.

A system for guiding the wire secures the actual

10 process of securely winding the continuous so¢lid
carrier 7 on or off the reels 12 at a predetermined
speed and a previcously establishad, monitored tensior,
the winding-on and -off paths being separate from one

another but strictly synchronised. The unevenness ir

-&-La

15 c¢olling 1s compensated with the ald ©of tension jacks 13
and the actual transport c¢f the solid carrier 7 is
realised via a system of rollers 14, tension rollers 15
and retalining bars 16, the actuzl tension of the solida
carrier 7 being measured with the aid oif pressure

20 sensors 17 and the tensicon peing adjusted with. the aid
of differential voltage between the moters, not showrn,
driving £he capstans 18 and the driving roller 2, 3 of
the roller system. The ¢oiling force as the soiid
carrier/7 is laid down is determined by the force of

25 the springs 19 acting on the tension jacks 13 and any

interference possibly ariging is monitored by the

)

signal generators 20 giving the end positions of the

CA 02247444 1998-08-26
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tension jacks 13 which are connected to tha ¢control
system, not shown, of the wire saw. In a2 usual manner,
the speed and the length of the uncciled solid carrier
7 is likewise monitored with the aid of zn incremental
rctation sensing device, not illustrated, connected to
cne of the capstans. In the xroller system, the solid
carrier 7 is sc coiled in the peripheral grooves 6 of
the pairs of deflection rollers 2 and guide rollers 3,
that it‘enters.the system;ftom-the upper side of the
first deflection roller 2 and is guided over the upper
side of the opposite guide roller 3 t§ the lower side
of the adjacent second deflection roller 2 which the
carrier 7 encloses. Then the solid carrier 7 is guided

£rom the upper side of this deflection roller 2 over

‘the upper side of the opposite guide rollaer 3 back %o

the entry deflection roller 2 which it encloses. On
the Pasis of the above multiple ¢oiling of the solid'
carrier 7 in the peripheral grooves, & cheln is formed
in which the solid carrier 7 is guided in opposite
diractions batween the guide rollers 3 inte two
respectivelyadjacentcuts 1n the block 1 to be'cut, as

is apparent from Figs. 1 to 5.

The abrasive solution used for the cutting is carried

/ |
on to the continuous solid carrier 7 with the aid of

>

distrlbutors.ZI which are directed towards the entry

4

point of the solid carrier 7 into the cut in the block

CA 02247444 2002-09-03
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1. where the solid carrier 7 emerges from the roller
system, high-performance air filters 22 are attached
which remove the adhering residue ¢f the abrasive from
the solid carrier 7. The distributors 21 are connected

5 with the aid of a system of supply pipes 243 via & pump
24 to the container provided with a stirring device 26.
The container 25 is connected in turn via a waste
pipeline 27 with the collecting vessel 28 disposed
below the rollér system and in which the abrasive

10 soclution is cellected as it dralns away. The
temperature of the abrasive solution 1s kept within the
predetermined range with the aild of a2 cooling circuit
consisting of a cooling assembly 29 with a cooling pipe
line 30 which is guided in the double casing walls of

15 the container 25, the waste plpeline 27 and the
collecting vessel 28. The actual temperature of the
cooling fluid is monitored by a temperature sensor 31.
The information about the flow and viscosity ¢f the

abrasive is monitcred by a sensor/transmitter 32
20 eccommodated inm the container 25; all the values are
passed on to the machine’s control system, not shown,

and evaluated there.

Before the wire saw begins its working process, the
25 solid carrier 7 is cciled along its entire length, the
characteristic numbers of the individual main

functional regions of the machine are set, the block 1

i
X
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spanned on to the table 5 with the ald of the sheels g
and its position adjusted and fixed in relation to the
cutting plane. Once the solid carrier 7 has been set

in motisn in the chosen directien of movement, the

5 block 1 is pressed through the chalin formed from the
roller system of guide rollers 3 and deflection roliers
3 at the chosen rate of feed, the abrasive being added

with the aid of the distributors at the point where the

snlid carrier f eanters the cuts. Once the solid block

10 1 has been cut into individual segments, the table o 13
returned to its initial position and the whole process
can be repeated, it being possible to choose afresh the
movement direction of the solid carrier 7 and the other
cut parameters, such as, for example, the rate of feed

15 ©Of the table S5 into the cut, the speed of movement and
the tension of the solid carrier 7, the amount,

temperature and viscesity ¢f the abrasive etc.

The construction illustrated ¢f the saw 1s$ not the only
20 possible solution according Lo the invention. . Keeplng
the basic arrancement of the pairs of guide rollers 3
and deflection rollers 2 of the roller system, the
manner of coiling and the movement of the solid carrier
7 petween them and in the individual cuts in the solid
25 block 1, the arrangement and the construction of the
wire management, of the table 5 and its mountings as

well as the individual elements of the device for

CA 02247444 1998-08-26
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transporting and“cooling the abrasive, can be altered
in any way at all without affecting the essence ol the
solution. As can be seen from Figs. 1 to 4, the mutual
size ratio and the reciprocal arrangement of the guide

rollers 3 and of the deflection rollers Z can be

chosen, as long as the condition 1s met that the entry
point Ior the.solid carrier 7 into the cut of the block
1 must lie higher than the exit point. Thus, for
example, accoraing to Fig. 5, a pair of intermediate
rollers 33 is inserted between the guide rollers 3 and

the deflection rollers Z.

Commercial AEElicatian

The method of cutting blocks of hard material into
plates and the saw for carrying out the method can be
used in different branches of industry where hard
materials, such as semi-conductors, ceramics or giass,
for example, have to be cut into exact scgments with

opposite flat surfaces running parallel.

CA 02247444 1998-08-26
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CLAIMS

1. A method of cutting a block of hard materials into plates by the action of an abrasive,
which abrasive 1s added 1n a loose state to a solid, continuous carrier, comprising the steps of:
providing a wire saw apparatus including at least one pair of detlection rollers, at least one
pair of guide rollers, and a continuous revolving fixed carrier disposed within peripheral
grooves of the at least one pair of deflection and guide rollers so that the carrier forms a chain
including first and second cutting portions through which the block of hard material is
pressed, the at least one pair of guide rollers and deflection rollers rotating about parallel
axes;

pressing the block of hard material into the first and second cutting portions of the carrier;
and

guiding the first and second cutting portions of the carrier in opposite directions by way of
the at least one pair of deflection rollers and guide rollers which form two adjacent cuts in the

block of hard material.

2. The method according to claim 1, wherein the carrier in the chain of the roller system 1s
guided repeatedly in peripheral grooves trom the upper side of the first deflection roller over
the upper side of the guide roller lying opposite on to the lower side of the adjacent second
deflection roller, after passing which it is guided over the upper side of the guide roller lying

opposite again to the lower side of the first deflection roller and then back to its upper side.

3. A saw for cutting a block according to the method of claim 1 or claim 2, the saw
comprising:

a roller system which has rollers provided with peripheral grooves and which is attached to a
frame, and includes a table with mountings, a wire arrangement and a device for transporting
and heat-stabilizing the abrasive, wherein:

the roller system is formed from at least one pair of guide rollers and one pair of deflection
rollers, the deflection rollers being so mounted in relation to the guide rollers that the
deflection roller and guide roller mounted beside each other rotate in opposite directions, the
direction of rotation between the two guide rollers and the two detlection rollers being

likewise opposed.
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4. The saw according 1o claim 3, wherein:
the deflection rollers and the guide rollers are so positioned that the upper surface line of the

deflection rollers 1s disposed higher than the upper surface line of the guide rollers.

5. The saw according to claim 3 or 4, wherein:

the position of the guide rollers in the frame 1s axially adjustable.

6. The saw according to any one of claims 3 - 5, wherein:

the solid carrier is wound several times around the deflection rollers and the guide rollers of
the roller system, in such a way that 1t forms a chain in which it 1s guided into the working
space between the pair of guide rollers in opposite directions in respectively two adjacent

peripheral grooves from the top sloping downwards or from the bottom sloping upwards.
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