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(57) L’invention concerne une téte d’usinage destinée a
I’'usinage mécanique de matériaux. Cette invention a trait
a des machines d’usinage de métaux et est adaptable a
une utilisation dans ['usinage mécanique de métaux et de
plastiques, impliquant ['utilisation de liquides lubrifiants
et/ou de refroidissement. Le résultat technique obtenu
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(57) The invention relates to a workhead for mechanical
working of materials. The invention is directed to metal
working machines and is adaptable for use in the
mechanical working of metals and plastics, involving the
use of liquid lubricants and/or coolants. The technical
result achieved by implementing the invention comprises
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par la mise en oecuvre de l'invention présente une
amélioration du point de vue de I’efficacité du traitement
de la cavitation dun liquide lubrifiant et/ou de
refroidissement, ce qui assure la dispersion d’une
lubrification solide dans des solutions aqueuses, une
augmentation de la stabilité des émulsions huileuses, une
décomposition du liquide Ilubrifiant et/ou de
refroidissement ainsi qu’une diminution de la viscosité,
une amélioration du point de vue de la résistance a la
corrosion, une réduction de ['usure des outils et,
simultanément, une amélioration de la qualité d’une
surface d’usinage. L. appareil comprend un logement (1)
a I'intérieur duquel est monté un oscillateur principal (2),
auquel est reli¢ un outil (4) par 'intermédiaire d’une
piece de prolongement (3). L’ appareil comprend un
conduit (6) d’alimentation en liquide lubrifiant et/ou de
refroidissement dans le logement (1), et un conduit (7)
destiné & acheminer le liquide lubrifiant et/ou de
refroidissement du logement jusque dans une zone
d’usinage. Un ressort (8) est destiné 4 exercer une
pression sur le logement (1), la piece de prolongement
(3) et ’outil (4) contre une piece a usiner (9). Le conduit
(6) est doté d’un régulateur de pression hydrostatique
(10). Les conduits (6 et 7) sont dotés d’oscillateurs
hydrodynamiques supplémentaires (11).
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an improvement in the efficiency of the cavitation
treatment of a liquid lubricant and/or coolant, which
secures the dispersion of a solid lubrication in aqueous
solutions, an increase in the stability of water-in-oil
emulsions, decomposition of a liquid lubricant and/or
coolant and a decrease of viscosity, an improvement in
corrosion resistance, reduction in a tool wear and,
simultaneously, an improvement in the quality of a
working surface. The apparatus comprises a housing (1),
inside which is fitted a main oscillator (2), to which is
connected a tool (4) through the intermediary of an
extension piece (3). The apparatus includes a pipeline (6)
for supplying a liquid lubricant and/or coolant into the
housing (1) and a pipeline (7) for delivering the liquid
lubricant and/or coolant from the housing onto a working
area. A spring (8) is intended for pressing the housing
(1), the extension piece (3), and the tool (4) against a
workpiece (9). The pipeline (6) is fitted with a
hydrostatic pressure regulator (10). The pipelines
(6 and 7) are fitted with hydrodynamic additional
oscillators (11).
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{ paratus comprises a housing (1), in-

(54) Title: METHOD AND APPARATUS FOR COOLING AND/OR LUBRICATION OF A WORK HEAD

(57) Abstract

The invention relates to a work-
head for mechanical working of ma-
terials. The invention is directed to
metal working machines and is adapt-
able for use in the mechanical work-
ing of metals and plastics, involv-
ing the use of liquid lubricants and/or
coolants. The technical result achieved 7
by implementing the invention com-
prises an improvement in the efficiency
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of the cavitation treatment of a lig-

uid lubricant and/or coolant, which se-
cures the dispersion of a solid lubrica-
tion in aqueous solutions, an increase 4 |
in the stability of water-in-oil emul-

sions, decomposition of a liquid lubri- '
cant and/or coolant and a decrease of
viscosity, an improvement in corrosion
resistance, reduction in a tool wear and,
simultaneously, an improvement in the
quality of a working surface. The ap-

side which is fitted a main oscillator
(2), to which is connected a tool (4)
through the intermediary of an exten-
sion piece (3). The apparatus includes
a pipeline (6) for supplying a liquid lu-
bricant and/or coolant into the housing '
(1) and a pipeline (7) for delivering the

liquid lubricant and/or coolant from the housing onto a working area. A spring (8) is intended for pressing the housing (1), the extension
piece (3), and the tool (4) against a workpiece (9). The pipeline (6) is fitted with a hydrostatic pressure regulator (10). The pipelines (6

and 7) are fitted with hydrodynamic additional oscillators (11).
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Method and apparatus for cooling and/or lubrication

of a work head

The present invention relates to a workhead intended for
metal working machines, which is adaptable for use in
such mechanical working of metals and plastiecs involving
the use of liquid lubricants and/or coolants. Hence, the
term mechanical working encompasses various machining
operations, such as turning, grinding etc. as well as
non-—-cutting treatment of surfaces to be worked, such as
for example the use of various pressing tools for
finishing a surface. The invention relates also to a
method for mechanical working of materials with a
workhead, including a tool acting on a surface to be
worked and means for supplying a liquid lubricant and/or
coolant onto the working area of a surface to be treated.

The publication '"Ovsepjan G.S., Suvorov A.A. The effect
of utlrasonic vibrations of a liquid lubricant and/or
cooclant on the characteristics of a cutting process.
Brief presentation theses at the VIII Pan-soviet
scientific and productional conference on electrophysical
and electrochemical working methods ELFA-77 (Dec. 13-15,
1977), Leningrad", discloses an apparatus for working of
metals by cutting, said apparatus comprising a power
supply, a tool, a magnetostriction converter, and a
concentrator, inside which is an axial conduit for
supplying a liquid 1lubricant and/or coolant onto the
cutting area. When flowing through said conduit, the
ligquid 1lubricant and/or coolant is subjected to an
ultrasound treatment which improves its lubricating and
cooling properties and reduces the degree of plastic
strain within the chip-forming area. A defect in this
prior known apparatus is that the ultrasound treatment of
a liquid lubricant and/or coolant is not sufficiently
effective due to small amounts of ligquid lubricant and/or
coolant subjected to the treatment and due to a short
duration of the ultrrasound oscillation applied thereto
as well as due to the location of a concentrator in the
proximity of a surface to be treated, which is why this

PCT/FI97/00567
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apparatus can only make use of liquid lubricants and/or
coolants at a 1low viscosity without homogeneous and
heterogeneous additives.

In terms of technical significance and achieved result,
closest to the apparatus of this invention is what is
disclosed in the publication "Hudobin L.V. Lubricants
and/or coolants used in grinding. M., 'Mashinostrojenie',
1971, prototype'" as an ultrasound device for cleaning
grinding wheels, comprising a concentrator and a
magnetostriction converter rigidly secured to a curving
corrugated tube. The converter, accompanied by its
concentrator, is fitted in cylindrical housing, which is
also provided with a pipe and a connector for supplying
a liquid lubricant and/or coolant onto the working
surface.

When the apparatus is operating, the cylindrical housing
is supplied through the connecting pipe with a liquid
lubricant and/or coolant, which fills the pipe to the top
surface and runs through this pipe and the connector to
the end of the corrugated tube and onto the working
surface of a grinding wheel. From an ultrasound generator
extends a supply to a magnetostriction converter and
concurrently the liquid lubricant and/or coolant as well
as the corrugated tube are subjected to ultrasound
oscillations. By virtue of the wave-like movement of
liquid and the cavitation of 1liquid, the action on the
surface of a grinding wheel through the liquid
intensifies vigorously, this surface is cleared of metal
particles and grinding residues, greasiness is reduced,
and working efficiency of the grinding wheel is improved.

A defect in this prior known apparatus is a low
efficiency of the ultrasound treatment, which is why it
cannot be used with liquid lubricants and/or coolants,
which are organic mixture blends and which contain for
example asphaltenes ~ resins which have a lower thermal
stability and solubility than aromatic hydrocarbons. This

PCT/FI97/00567
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type of liquid lubricants and/or coolants are needed when
working metals by cutting, grinding, turning, drilling
etc. In addition, when using the prior known apparatus,
it is not possible to achieve a necessary stability for
water—-in—-oil emulsions, the decrease of viscosity is
slight and so is the increase in the anti-bacterial
resistance of a liquid lubricant and/or coolant.

The mission to be accomplished by the invention
encompasses the construction of a workhead for metal
working machines, which has high operating gualities and
which is capable of securing a.o. a minimal wear of the
tool and a high quality for a surface to be treated.

In order to achieve this object, a workhead of the
invention is characterized by what is set forth in the
characterizing portion of claim 1. On the other hand,
a method of the invention is characterized by what is set
forth in the characterizing portion of claim 7.

The technical result achieved by implementing the
invention comprises an improvement in the efficiency of
the cavitation treatment of a liquid lubricant and/or
coolant, which secures the dispersion of a solid
lubrication in aqueous solutions, an increase in the
stability of water—-in-oil emulsions, decomposition of a
liquid 1lubricant and/or coolant and a decrease of
viscosity, an improvement in corrosion resistance. As a
result of the improved quality of a liquid lubricant
and/or coolant, the wear of tools is reduced, with
blades, for example, a 1,5-2-fold reduction, and
simultaneously the quality of a working surface and the
geometrical properties thereof are improved. By virtue of
the improved anti-bacterial resistance of a liquid
lubricant and/or coolant, the service life of such liquid
increases, thus reducing the consumption thereof.

An object of this invention resides in the fact that a
workhead intended for mechanical working of various

PCT/FI97/00567



WO 98/12017

10

15

20

25

30

35

CA 02264591 1999-03-01

4

materials, such as metals, plastics, which includes an
electromechanical converter, rigidly engaged with an
extension element, located in a housing chamber filled
with a liquid lubricant and/or coolant, a tool, a power
supply with its winding, pipelines in a flow
communication with the chamber for supplying and
discharging the 1liquid lubricant and/or coolant, is
provided with at least one hydrodynamic additional
oscillator, which is placed in the liguid lubricant
and/or coolant supply and discharge pipelines or in the
same housing with the electromechanical converter, said
additional oscillator having an operating frequency which
is 1,5-3 710° times higher than the frequency of the main
converter, and that the liquid supply pipe of the chamber
is fitted with a hydrostatic pressure regulator. In one
embodiment, the apparatus is provided in the upper
portion of the housing with a gas supply pipe, which is
fitted with a pressure regulator. The electromechanical
converter may comprise electromagnetic, magnetostriction,
electrostriction, electrodynamic and other oscillators,
which convert the energy of an electrical current into
mechanical oscillatory motions.

The characterizing features of an apparatus of the
invention, such as the presence of an additional
oscillator, secure at least a two-frequency cavitation
treatment for the liquid lubricant and/or coolant, which
substantially improves the liquid quality. The conducted
studies have proved that the cooperation between two-
frequency cavitation fields separated by an order (order
of 8) or more enhances considerably the efficiency of a
process action for a liquid lubricant and/or coolant,
depending on the adaptation of the frequencies of
cavitation fields, the amplitudes of pressures, and the
static distribution feature of the dimensions of
cavitation embryos. Some of the cavitation cavities,
formed by the action of hydrodynamic emitters, collapse.
At the same time, the action of the forces of a low-
frequency field is combined with a static pressure, which

PCT/FI97/00567
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leads to an improvement in the efficiency of the action
of cavitation of a single cavity. Simultaneously, the
high—-frequency field creates the oscillations of
cavitation cavities. As a result of the forces of a
second frequency, the expansion rate of a single cavity
at first increases until the cavity dimensions surpass
the resonance and then diminish.

As a result of this, the cavity reaches a maximum radius
in the earlier phase of a low-frequency field, as the
amplitude of pressure is at its maximum. In other words,
the energy of the cavity increases vigorously during the
collapse and cuts down the collapsing time.
Simultaneously, the actions of acoustic currents and
radiation pressure gain strength, the audio-capillary
effect will be more pronounced. The workpiece develops
various microscopic crystal imperfections, the working
surfaces, affected adversely by oxygen, become oxidized.
This improves the chemical adsorption of the reagents of
liquid lubricants and/or coolants, improves the adhesion
thereof to a surface to be treated. In addition, the
adsorption of the reagents of a liquid lubricant and/or
coolant onto the surfaces of solid lubrication particles
decreases the adhesion forces therebetween and prevents
the sintering of particles, while activating the cleaning
and lubricating properties. The emulsion becomes low-—
dispersive. During the two-stage treatment, pH rises
above 9,6 and this enhances the anit-bacterial resistance
of a ligquid lubricant and/or coolant, since the
development of bacteria ceases at a pH > 9,6. The
presence of a gas pipe and a gas pressure regulation in
the apparatus allows the development of a positive
pressure in the housing, which enhances even further the
dispersion effect of the so0lid and poorly soluble
additives of a liquid lubricant and/or coolant. Nitrogen
improves the durability of a hard alloy tool.

The invention will now be described in more detail with
reference made to the accompanying drawings, wherein:

PCT/FI97/00567
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fig. 1 shows one embodiment for an apparatus of the
invention in a schematic view, and
fig. 2 shows another embodiment for an apparatus of
5 the invention in a schematic view.
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As shown in the figures, the apparatus includes a housing
1, whose internal chamber space is fitted with an
oscillator 2 (an electromechanical converter), to which
is connected a disc roller 4 through the intermediary of
an extension piece 3. To the oscillator 2 extends a power
supply 5. A pipeline 6 is intended for supplying a liquid
lubricant and/or coolant into the housing 1 and a
pipeline 7 for delivering the liquid lubricant and/or
coolant from the housing 1 onto a working area. A spring
8 is intended for pressing the housing 1, the extension
piece 3, and the tool 4 against a workpiece 9. On the
pipeline 6 is mounted a hydrostatic pressure regulator
10. The pipelines 7 and 6 are fitted with hydrodynamic
emitters 11. A workhead is secured to the cradle of a
working machine by means of a tool holder 12. In the
second embodiment of the apparatus (see fig. 2), the top
portion of the housing 1 is fitted with a pipeline 13 for
supplying nitrogen through a static gas pressure
regulator 14. The housing 1 is further provided with a
hydrodynamic vortex converter 15 and the tool employved is
a slotting tool 16. The working machine can be a
flattening machine.

The apparatus operates as follows.

Before starting, the workhead is secured by means of the
tool holder 12 to the cradle of a working machine. In
fig. 1, the tool 4 is shown in the starting position out
of contact with a surface to be treated. Thereafter, the
housing 1 is filled with a liquid lubricant and/or
coolant (e.g. Castrol Syntilo R4) through the hydraulic
hydrostatic-pressure regulator 10, the emitter 11, and
the pipeline 6. By means of the regulator 10, the liquid-—
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filled cavity develops a positive pressure of 1,2 MPa.
Under the elevated static pressure, the cavitation
enhances intensely the destruction process of soiled
adsorption surfaces. As the liquid lubricant and/or
coolant flows through the pipeline 7 and the second
hydrodynamic oscillator 11, it will reach the working
surface to moisten the tool surface 4 and the workpiece
9, which are in contact with each other during the
machine operation. Upon receiving electricity through the
power supply 5, the oscillator 2 begins its function.
Simultaneously the oscillators 11, which operate at high
frequencies (e.g. 2 MHz), start applying their action on
the liquid lubricant and/or coolant. The main oscillator
2 has an operating frequency of e.g. 10 Hz. Hence, the
liquid lubricant and/or coolant will be subjected in the
workhead to a two-stage treatment on common two-frequency
fields: those of a low frequency and a high frequency.
When machining materials by cutting, the housing 1 is
secured. When machining is effected with flattening
mechanisms, the clamp is released and a necessary press
force for the tool 4 against a workpiece is produced by
means of the spring 8.

By picking up heat from the converter 2, the 1liguid
lubricant and/or coolant warms up to some extent and is
carried through the hydrodynamic oscillator 11 to a
working area in the form of a flux of extremely small
particles. After the two-stage treatment, the components
of the 1liquid lubricant and/or coolant disperse and
develop free radiacals, which are subjected to a chemical
reaction with the contact surfaces 4 and 9. At the same
time, the liguid lubricant and/or coolant attains
excellent moistening qualities and, as a result of the
audio—capillary effect, penetrates into micropores
existing in the surface of the piece 9 and the tool 4 and
into the depressions of micro-irregularities.

In a single implementation (see fig. 2), the two-
frequency treatment of a liquid lubricant and/or coolant

PCT/FI197/00567
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is handled by means of a hydrodynamic vortex converter
15, which produces the 1liquid cavitation; the tool
comprises a slotting tool 16. The pipeline 13 is used to
supply the top portion of the housing 1 with nitrogen for
5 attaining a positive pressure for the electromechanical
converter. The rate of positive pressure is controlled by
means of the regulator 14. The nitrogen gas improves the
durability of a hard alloy tool in the working area.
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Claims

1. A workhead for mechanical working of materials, said
workhead comprising a main oscillator (2), rigidly
engaged with an extension piece (3) and placed in the
chamber of a2 housing (1) filled with a liquid lubricant
and/or coolant, which produces a cavitation, a tool (4,
16), and supply (6) and discharge (7) pipes for the
liquid lubricant and/or cooclant in a flow communication
with said chamber, c haracterized in that the
workhead is provided with at least done additional
oscillator (11), which operates at a frequency different
from that of the main oscillator (2) essentially all the
time, said additional oscillator (11) being included in
the supply and/or discharge pipelines (6, 7) for the
liquid lubricant and/or coolant or in the same housing as
the main oscillator (2), said additional oscillator (11)
producing an additional cavitation.

2, A workhead as set forth in claim 1, ¢ h a r a ¢ ~
terized in that the liquid supply pipe (6) of the
chamber is fitted with a hydrostatic pressure regulator
(10).

3. A workhead as set forth in claim 1 or 2, ¢c ha r a ¢ —
terized in that the top portion of the housing (1)
is provided with a gas supply pipe (13), which is fitted

with a pressure regulator (14).

4. A workhead as set forth in any of claims 1 - 3,

c haracterized in that said at least one
additional oscillator, mounted on the supply and/or
discharge pipes (6, 7) for a liquid lubricant and/or
coolant, has an operating frequency which is 1,5-3 x10°
times higher than the frequency of the main oscillator

(2).

PCY/FI97/00867
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‘ AMENDED CLAIMS
{rece;vgd by the International Bureau on 29 January 1998 (29.01.98);
original claim 7 amended; remaining claims unchanged (1 page)]

5. A workhead as set forth in any of the preceding
claims, ¢ h a r ac ter iz ed in that the main
oscillator (2) comprises an electromechanical converter.

6. A workhead as set forth in any of the preceding
claims, characterized in that the additional
oscillator (11) comprises a hydrodynamic oscillator.

7. A method for mechanical working of materials with a
workhead, comprising a tool (4, 16) acting on a surface
to be treated and means (6, 7, 10) for delivering a
liquid lubricant and/or coolant onto the working area of
a surface to be treated, wherein the ligquid lubricant
and/or coolant is exposed to a cavitation treatment,
characterized in that the liquid lubricant
and/or coolant required in the working operation is in
the method set in oscillation at least at two different
frequencies prior to delivering the same onto a working
area providing a two-frequency cavitation treatment for
the liquid lubricant and/or coolant.

B. A method as set forth in claim 7, ¢ har a ¢ t e-
r i 2z e d 1in that, as for said at least two different
frequencies, the higher fregquency is 1,5 — 3x10° higher
than the lower frequency.

AMENDED SHEET (ARTICLE 19)
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