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Machine tool, comprising

at least two workpiece carrier assemblies (11), each Iincluding a workpiece carrier (12), said workpiece carrier assemblies (11)
being supported on respective workpiece carrier support (1) for horizontal movement in a first direction in parallel with a horizontal
Z axis;

at least a first tool carrier (21), supported on a tool carrier support (2) for horizontal movement in a second direction, said first tool
carrier (21) being displaceable In said second direction between at least one operative position (A) in which said first tool carrier
(21) 1s facing one of said workpiece carrier assemblies (11), and at least one inoperative position in which said first tool carrier (21)
IS not facing any workpiece carrier assembly (11).

The invention also relates to a method of machining a connecting rod using the machine tool.
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ABSTRACT

Machine tool, comprising

at least two workpiece carrier assemblies (11),
each including a workpiece carriexr (12), said workpiece
carrier assemblies (11) being supported on respective
workpiece carrier support (1) for horizontal movement in a
first direction in parallel with a horizontal 72 axis;

at least a first tool carrier (21), supported on a
tool carrier support (2) for horizontal movement 1n a
second direction, said first tool <carrier (21) being
displaceable in said second direction between at least one
operative position (A) in which said first tool carrier
(21) 1is facing one of said workpiece carrier assemblies
(11), and at least one inoperative position 1n which said

first tool carrier (21) is not facing any workpiece carrier

assembly (11).

The invention also relates to a method of machining a

connecting rod using the machine tool.

[Figure Z2A]
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L

MACHINE TOOL

FIELD OF THE INVENTION

The 1nvention 1s related to the field of machine

tools.

STATE OF THE ART

Machine tools are used for machining workpileces, such

as work pieces of metal, to provide them with the desired

shape and configuration, for example, by drilling or boring
holes in the workpieces and/or by machining edges to give
them a desired, for example, a bevelled, shape. For
example, the machining of a connecting rod for connecting
the piston to the crankshaft of a reciprocating piston
engine involves several different operations which can be
performed in one machine tool or sequentially 1in different
machine tools, which can be different or which can have the
same basic design but being equipped with different tools,
adapted to performing the specific operations. For example,
machining this kind of connecting rod can typically include
several or all of the followling steps:

- rough grinding of the surfaces of the blank

- rough boring of the pin hole and the crank hole
~ machining bolt holes and seats

= cracking the connecting rod (body and cap) and bolts

assembly

- finish grinding of the surtfaces
= milling trapezoid and semifinishing crank hole
= finish boring pin hole and crank hole.
For example, Figs.lA-1D show how some of these
operations can be carried out on a connecting rod blank

1000 by using different tools 100, 101,102,103 which can be
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connected to respective spindle heads to be driven by a
spindle, for rotary movement about, for example, a

horizontal 2 axis (not 1llustrated in Fig. 1), 1n a

conventional manner. For example, Fig. 1A shows boring of

the pin hole with a first tool 100, Fig. 1B shows the

machining of bolt holes using a second tool 101, Fig. 1C
shows the milling of a trapezoidal end of the blank using a
third tool 102, and Fig. 1D shows boring of the crank hole
using a fourth tool 103. All of these steps can be carried
out by one machine tool, 1n which the different tools are
mounted simultaneously or sequentially. It 1is, of course,
also possible to carry out different steps using different
machine tools.

Machines of this type are normally provided with some
kind of tool carrier, 1in which the tools can be replaced
depending on the task to be performed by the machine at a
certain  time or for a certain  period. In this
specification, the term “tool” 1is to be interpreted 1n a
generic sense, and can, but must not, include an associated
spindle head.

Machine tools for performing machining operations such

as drilling and milling, for example, by rotary motion of a

tool, for example, for shaping and boring connecting rods
for reciprocating piston engines, are well known 1n the
art, and it is thus not considered necessary to describe
the operation of a tool drive or of a tool holding

mechanism, as the skilled person is aware of how to design

this kind of equipment and as appropriate devices are
commercially available.

Machine tocls are conventionally numerically
controlled and in machine tools with rotary tools,

machining is performed by producing a controlled relative
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movement between the workpiece and the corresponding tool.
For example, 1t 1s known to provide a machine with one or
more fixed tools, and to move one Oor more workpleces, such
as a workpiece or blank out of which a connecting rod 1s to
be obtained, 1n relation to the fixed tool, for example, 1n
parallel with a horizontal Z axis (the Z axlis can be the
axls around which a tool rotates, or an axis parallel with

that axis), in parallel with an X axis which can be a

horizontal axis ©perpendicular to the Z axis, and 1in
parallel with a Y axis which can be a vertilical axis.

US-B-7442154 discloses a machine tool comprising a
frame in which tools can be mounted 1n tool carriers, which
can be tool spindles. Different tools can be applied at
different heights of the frame. A workpiece carrier 1S
provided which can move a workplece 1n three different,
orthogonal, directions, that 1s, in a vertical YY”
direction and in two perpendicular horizontal directions,
referred to as “X” and “Z”. The workpiece carrier can also
be rotated around the Y“2” axis.

Another example of this kind of machine 1s known from
WO-A-2008/089751, which discloses a machine tool based on a
reticular frame structure, 1n which tools can be fixed. The
machine tool includes a workpliece carrier which can be
displaced along an X-Y-Z guide.

In both of these machines, the tool carriers are
arranged in an overhanging manner, cf., for example, Fig. 1
of US-B-7442154 and Fig. 12 of WO-A-2008/089751. It 1s
believed that this can, at least 1in some cases, be a
problem, for example, when substantive forces are exerted
on the tool carrier, which may occur, for example, when

machining connecting rods. Thus, attention must be paid to

the resistance and rigidity of the work piliece carrier
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(including the structure for guiding 1t), that 1s, for
example, the resistance and rigidity of the quill shown 1n
WO-A-2008/089751.

Also, 1t is observed that when replacing the tools 1n
the machine of US-A-7442154, the operator must access the
space within the tool holding frame. Similarly, when
replacing the tools in a machine tool as known from WO-A-

2008/089751, the operator will need to access the space

within the reticular frame. However, this space 1s limited,
inter alia due to the presence of the quill and tools.

Similar problems appear to apply when accessing the

workpiece carrier for replacing workpleces, or for
replacing the workpiece carrier itself, or parts thereof.
At least some of these problems can be even more
serious when the tools and/or work piece carrier are placed
high up. In the machines known from US-A-7442154 and WO-A-
2008/089751, flexibility can be enhanced by 1incorporating
different kinds of tools into the frame, these tools being
distributed in the vertical direction of the frame. This
can, however, imply that at least some of the tools may be
placed at a substantial height over the surface on which an
operator will stand when manipulating, for example, the
tools during a tool maintenance or replacement process,

and/or that at least some of the tools may be placed very

low. In both cases, the operator may have to adopt an
ergonomically unfavourable position when manipulating the
tools.

DE-A-10 2008 014 779 discloses a machine tool in which
a tool carrier is laterally displaceable between a position
in which it is in front of a workpiece carrier, and a
position in which it can receive tools from a tool

magazine.
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It 1s often desirable to increase the productivity of
this kind of equipment. This can be done by, for example,
increasing the capacity of the tocl carriers so as to
increase the number of tools carried by each tool carrier,
for example, by adding more tools 1n each row, or by
increasing the number of rows, thereby 1ncreasing the
vertical extension of the tool carriers. However, thils 1s
not always desirable, for example, for ergonomic reasons.

Frequently, rotatory transfer solutions are used: a
plurality of workpiece carriers are arranged on a rotatory
support, and a corresponding number of tool carrlers are
arranged around the  support, facing the respective
workpliece carrliers. The support rotates so that each
workpiece <carrier 1s transferred from facing one tool
carrier to facing the next tool carrier, and the tools
carried by these tool carriers are operated to carry out
the different operations on the workpieces facing them.

This arrangement can provide for high productivity, but has

drawbacks in what regards ergonomics and flexibility. For

example, when a new type of workpiece 1s to be machined,
the entire set of workpiece carriers needs to be replaced.
Also, access to the tool carriers for replacing the tools
can be complicated, as access may only be possible from the

side, which can be a serious drawback from an ergonomic

point of wview. Thus, reconfiguring the machine tool for a

new kind of product can be complicated and time-consuming.
Further, in this kind of machines, there is a tendency

for metal shavings to accumulate on tools and/or on the

platform below the tools, something that <c¢an have a

negative impact on the operation of the equilpment.

p o

DESCRIPTION OF THE INVENTION
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A first aspect of the invention relates to a machine
tool, comprising:

at least two workpiece carrier assemblles (each one
comprising or consisting of, for example, a structurally
stable, resistant and/or rigid carriage), each including a
workpiece carrier for supporting at least one workpiece
(the workpiece carrier assembly can be, for example, a
structure such as a metal structure arranged to provide for
sufficient stability and rigidity to substantially avoid
undesired movement of the workpiece carrier and the
workpieces during machining; each workplece carrier can be
arranged for supporting a plurality of worpilieces, for
example, 4-8 workpieces);

at least two workplece <carrier  supports, each
workpiece carrier assembly being supported on a respective
one of said workpiece carrier supports for horilizontal
movement in a first direction on said respective workpilece

carrier support, said first direction being parallel with a

horizontal 72 axis;

at least a first tool carrier configured for carrying
at least one tool for machining at least one workpilece Dby
rotating said tool around an axis parallel with said Z axis
(the tool carrier can typically 1ncorporate one o©or more

spindles and spindle heads arranged to rotate one oOr more

tools) ;

a tool carrier support, said first tool carrier being

supported on said tool carrier support for horilizontal
movement 1in a second direction on said tool carrier
support, said second direction being parallel with a

horizontal X axis, said X axis being perpendicular to said

7 axis (that i1s, for example, the workplece carrier

assemblies with the workplece carriers can be considered to
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be moveable backwards and forwards along the workpiece
carrier supports, whereas the tool <carrier can Dbe
considered to be moveable in a lateral direction along the
tool carrier support);

said first tool carrier being displaceable on said
tool carrier support 1in said second direction between at
least one operative position 1n which said first tool
carrier 1s facing one of said workpiece carrier assemblies
(so that when the machine 1s operating, one or more tools

carrled by said first tool carrier can interact with one or

more workpieces carried by the respective workpiece
carrier, for machining of the workpieces by movement of the
workpiece carrier and/or the tool or tools), and at least
one 1noperative position in which said first tool carrier
1s not facing a workpiece carrier assembly (the term
“between” should not be interpreted to imply that salid at
least one operative position and salid at least one
inoperative position are necessarily end positions, but
merely implies that the first tool carrier can be displaced
from the 1noperative position to the operative one, and
vice-versa; for example, 1n some embodiments of the
invention, there can be at least two operative positions

separated by at least one i1noperative position, so that the
tool carrier can be displaced from one operative position
to an 1inoperative position and then continue to the next
operative position).

Thus, when the first tool carrier 1is not facing a
workpiece carrier assembly but 1is, basically, 1laterally
offset with regard to said workpiece carrier assemblies, 1t
is easy to replace tools also at the front end of the first
tool carrier (that 1is, at the end that 1is facing the

respective workpiece carrier assembly when the first tool
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carrier 1s 1n the operative position). That 1s, an operator
can access the tools from the front without having to enter
or access the space between the workpiece carriler assembly
and the tool carrier. Thus, the arrangement provides for
ergonomy and flexibility. Also, the fact that the tool
carrler 1s displaceable 1n the lateral direction further
provides for flexibility 1in production, as several tool
carrliers can be provided which selectively can be brought
to the operative position, depending on the specific
machining operations that are to be carried out. On the
other hand, the wuse of at least two workplece carriler
assembllies enhances flexibility and productivity: for
example, one tool carrier can sequentially interact with
one of salid workpiece carrier assemblies and the other one
of said workpiece carrier assemblies, whereby loading ot
one of sailid workpilece carrier assembllies with workpieces
can, for example, be performed while the tools of the tool
carrier are machining the workpieces loaded 1n the
workpliece carrier of the other workpiece carriler assembly.

Also, or alternatively, different operations can Dbe

performed on the workpieces mounted 1in the different

workplece carrler assemblies, and workpieces can | be

transferred from one of the workplece carrier assemblies to
another one of said workpiece carrier assemblies. One or

more robots or manipulators can  be provided for

transferring workpieces from one of the workplece carrier
assemblies to the other one, and/or for loading and
unloading the workpieces onto/from the workpiece carriler
assemblies, for example, for unloading and then loading one
of said workpiece carrier assemblies while the tools of a
tool carrier are operating on the workpieces 1n the other

workpiece carrier assembly. Thus, productivity can be
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optimised. Also, with an adequate number of tool carriers

and workpiece carrier assemblies, the risk for (or the

consequences of) standstills due to problems with one

single tool carrier or workpilece carrier assembly can be
substantially reduced. The concept described above can be
implemented 1n many different ways, depending on the
specific needs of each potential user. The fact that both
the tool carrier and the workplece carrier assemblies are
moveable on respective supports provides for stability and
rigidity. This can be especially desirable 1in connection
with the machining of connecting rods, as this kind of
machining 1implies that 1large forces are exerted on the
workpieces, and the manufacturing tolerances are often very
small. Also, the structural stability of this kind of
workpieces 1s often small. Thus, stability and rigidity of
the components involved in the machining, 1ncluding tools,
tool carriers and workplece carrier, are important.

The first tool carrier can further be displaceable
between sailid operative position in which said first tool
carrier is facing one of said workplece carrier assemblies,
and at least another operative position in which said first
tool carrier 1is facing another one of said workpiece
carrier assemblies. That is, the same tool carrier can bpe

used for sequentially operating on workpieces 1n two

different workpiece carrier assemblies, and can further Dpe
displaced to the inoperative position when, for example,
there i1s a need to replace one or more tools.

The machine tool can further comprise a second tool
carrier, said second tool carrier being configured for
carrying at least one tool for machining at least one
workpiece by rotating said tool around an axis parallel

with said 2 axis, said second tool carrier being supported
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on said tool carrier support for horizontal movement 1n the
second direction, between an operative position in which
said second tool carrier is facing one of said workpiece
carrier assemblies, and an inoperative position in which

sald second tool carrier 1s not facing said workpiece

carrlier assembly.

By using two (or more) separate tool carriers that can
be selectively moved between their operative position (or
positions) and their 1inoperative position (or positions),
several additional advantages can be obtained. Not only

does the 1noperative position allow for more flexibility

and easy access for replacement of tools, but the fact that
there are two (or more) tool carriers implies that one of
them can be used for machining, while maintenance and/or
replacement of tools can be carried out on the other(s).
Also, the use of a plurality of tool carriers, such as two

or more tool carriers, provide for the possibility of

having a relatively large variety of tools ready for use
(that 1s, mounted on a respective tool carrier), without
any need for arranging the tools over a large range 1n the
vertical direction. For example, assuming that each tool
carrier has, for example, N (for example, 2) rows of tools
ecach comprising, for example, M (for example, 4) tools, the
first and the second tool carrier together can hold Z2xNxM
(for example, 16) tools. Thus, for example, at any given
moment the two (2) tool carriers together can hold two (2)

different sets of NxM tools, or four (4) different sets of
NxM/2 tools, distributed along only N rows (for example,
two (2) rows) 1in the vertical direction. That 1s, due to
the lateral movement of the tool carriers, a high variety
of tools can be mounted “ready for use” in the different

tool <carriers, while maintaining the tools within a
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relatively short extension 1n the vertical direction. This
can be advantageous as 1t i1mplies that all of the tools can
be arranged at a height at which manipulation of the tools,
for example, replacement of tools, can be carried out by
the operator under ergonomic conditions, for example,
without having to bend over excessively, and/or without
having to climb ladders or similar.

The workpiece carrier supports can extend towards
respective side portions of the tool carrier support, and
the tool carrier support can further comprise a central
portion, whereby the inoperative position can correspond to

sald central portion, and wherein the operative positions

can correspond to the side portions. In this way, by simply
shifting a tool carrier to the central portion of the tool
carrier support, one set of tools can be replaced by
another set of tools during operation of the machine. For
example, after termination of a certain cycle of machining,
the tool carrier can be shifted sideways to 1ts 1noperative
position. This configuration has been found to be practical
and allows for a flexible use of the tool carriers, while
the total amount of space that 1s needed 1s rather limited.
The entire length of the tool carrier support, when one or
two tool carriers are used, can be limited to approximately
three times the width of each tool carrier, so as to
accommodate for the two operative positions and the
inoperative position.

The workpiece carrier supports and the tool carrier
support can, together, have, for example, a U or an F
configuration, when viewed from above.

Alternatively, the workpiece carrier supports can
extend towards respective intermediate portions of the tool

carrier support, and the tool carrier support can further
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comprise a central portions and two side portions, said
side portions being separated from said central portion by
sald intermediate portions, whereby the operative positions
can correspond to said intermediate portions, and whereiln
the 1noperative positions <can correspond to the side
portions and the central portion. This can provide for
further enhanced flexibility; for example, 1f there are two
tool carriers, each of them can interact with each of the
workpiece carrier assemblies, by displacing the other tool
carrlier to the respective side or end portion of the tool
carrlier support, whenever necessary.

The machine tool can further comprise at least a third
workpliece carrier assembly 1including a third workpiece
carrier for supporting at least one workpiece, and at least
a third workpiece carrier support, sailid third workpiece
carrier assembly being supported on said third workpiliece
carrier support for horizontal movement 1n said first

direction on said third workpiece carrier support. The use

of a third workpiece carrier assembly can help to even
further enhance productivity and flexibility. The workpiece
carrier supports can extend towards two side portions and
one central portion of the tool carrier support,
respectively, and the tool carrier support can further
comprise two intermediate portions positioned between said
central portion and a respective one of said side portions,
so that said side portions are separated from said central
portion by said intermediate portions, whereby at least
some of the inoperative positions correspond to said
intermediate portions, and wherein the operative positions
correspond to the side portions and the central portion.
Optionally, the machine tool can additionally comprise at

least a third tool <carrier displaceable 1in said second
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direction, between at least one operative position and at
least one 1noperative position. With the three workpilece
carrlier supports, the workplece carrier supports and the
tool carrier support (or part of 1t) can, together, have an

T

EE configuration, when viewed from above. Obviously, the

machine tool can comprise further workpiece carrier
supports arranged along the tool carrier support.

In one possible i1mplementation of the i1nvention, all
of the tools, when mounted in the respective tool carrier,
can be placed at a height of not less than 0.7 m,
preferably not less than 1.1 m, and not more than 1.8 m,
preferably not more than 1.5 m, over a floor or similar,
said floor being a floor on which an operator walks when
servicing the machine tocl, for example, by replacing the
tools mounted in the tool carriers. In this way, the
operator can manipulate the tools while adopting a
comfortable and ergonomically correct position, and without
any need for climbing ladders or similar.

Said first tool carrier can comprise N rows of tools,

1SN 5, for example, N=2 or N=3 or N=4. By using a rather

low number of rows, all of the tools can be kept at a
height that allow easy manipulation of the tools by an
operator.

The workpiece carrier can be mounted on the respective
workpiece carrier assembly so that the workpiece carrier 1s
displaceable in the vertical direction, that 1s, in
parallel with a wvertical Y axis. In this way, by the
arrangement described so far, relative movement between
tools and workpieces is provided along the Z, X and Y axes.

Obviously, additional degrees of freedom, such as, for

example, rotation of the workpiece carrier around an axis,
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such as around an axis parallel with the Z axis, 1s not
excluded from the scope of the present invention.

The workpiece carrier supports and the tool carrier
support can be placed on a floor or similar support
surface, and can be arranged to support the workpiece
carrlier assembly and the tool carriers from below. It can
sometimes be preferred that none of the tool carriers or
the workpiece carrier assembly hang from overhead supports;
the use of simple ground supports placed on the floor can
be  preferred, for example, due to simplicity  of
installation,

The workpiece carrier supports and the tool carrier
support <can have a height of not more than 1.1 m,
preferably not more than 0.6 m. In this way, the tool
carriers can be placed relatively low, facilitating access
to the tools.

The machine tool can be a machine tool for machining
connecting rods for a reciprocating piston engine,
preferably a reciprocating piston engine of an automobile
or a truck. The machining of connecting rods for a
reciprocating piston engine, such as a reciprocatling piston
engine of an internal combustion motor of an automobile or
a truck, 1s a task that involves <certain specific
considerations, and for which, traditionally, rather
specific machines have been used. The machine tool of the

present i1nvention can involve advantages 1n terms of

stability and rigidity, as explained above.

Another aspect of the invention relates to a methoed
for machining connecting rods for a reciprocating piston
engine, such as a reciprocating piston engline of an
automobile or a truck. The method comprises subjecting a

rod blank to a plurality of machining steps, wherein at
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least one of said machining steps 1s carried out by a
machine tool as described above. For example, a plurality
of said machining steps can carried out by the same machine
tool. In one possible 1implementation of the invention,
between at least two of said machining steps, the first
tool carrier 1s switched from i1its operative position to its

inoperative position, or from 1its inoperative position to

1ts operative position. If there is a second tool carrier,
this second tool carrier can be shifted in a corresponding
manner. For example, for machining a connecting rod, tools
mounted on the first tool carrier can be used for one or
more of the machining steps, and tools mounted on the

second tTool carrier can be used for one or more further

machining steps.

BR1IEF DESCRIPTION OF THE DRAWINGS

i 8

To complete the description and 1n order to provide
for a better understanding of the 1invention, a set of

drawings 1s provided. Said drawings form an 1ntegral part

of the description and 1llustrate an embodiment of the
invention, which should not be interpreted as restricting
the scope of the invention, but just as an example of how
the invention can be embodied. The drawings comprise the
followlng figures:

Figs. 1A-1D schematically illustrate some operations

which can be carried out when machining a connecting rod

out of a rod blank, involving the use of different tools.
Figs. 2A=-2D are schematic V1iews from above,
illustrating different possible layouts of a machiline tool
in accordance with the invention.
Figs. 3-5 are schematic perspective views of a machine

tool according to an embodiment of the invention.
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Fig. 6 1s a schematic perspective view of a workpilece

carrier that can be used 1n an embodiment of the invention.

DESCRIPTION OF AN EMBODIMENT OF THE INVENTION

Fig. 2A schematically 1llustrates the layout of the
machine tool 1n accordance with a first embodiment of the
invention. Here, the two workpliece carrier supports 1
extend 1n parallel towards respective ends of the tool
carrier support 2, 1in a “U” configuration. A workpilece
carrier assembly 11 1is mounted on each of said workpiece
carrier supports, for movement 1n the Z direction. The
machine tool comprises one single tool <carrier 21,
displaceable along the tool carrier support 1n the X
direction, perpendicular to the Z direction. It can be
observed how this tool carrier can be displaced between two

operative positions A, in which the tool carrier faces a

respective workplece carrier assembly (so as to be able to
operate on the respective workpileces), and an i1ntermediate
inoperative position, where an operator can easily replace
the tools and carry out other maintenance tasks related to
the tool carrier. In this way, the tool carrier can be
switched between the different operative positions, S0 as
to operate on the workpieces 1n one o0f the workpiece
carrier assemblies, while, for example, unloading and/or
loading of workpieces takes place in the other workpiece

carrier assembly.

Fig. 2B illustrates an arrangement which differs from
the one of Fig. 2A in that there 1s a second tool carrier
22. In this arrangement, productivity can be enhanced as
machining of workpieces can take place simultaneously 1n

the two workpilece carrier assemblies.
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Fig. 2C 1illustrates an alternative arrangement 1n

which the tool carrier support 2 has been extended to

provide for inoperative positions B at the side or end
portions as well as at a central portion of the tool
carrier support, and for operative positions A at two
intermediate portions. This implies an advantage at least

in terms of flexibility, 1f compared to the embodiment of

Fig. 2

p— |

B: in the embodiment of Fig. 2C, each one of the two
tool carriers 21, 22 can be positioned before each one of
the two workpiece carrier assemblies 11. Thilis 1s not only
an advantage 1n terms of flexibility, but also allows

operation on both of the workpiece carrler assemblies O

continue, should there be a fallure 1n one o0of the tool

carrier assemblies: the defective tool carrier assemply 1s

simply shifted to the inoperative position B at the end of
the tool carrier support 2, and the remaining tool carrier

is then shifted between the two operative positions A.

44

Lt}

Fig. 2D illustrates a further embodiment, with an V!
shaped layout. Here, there are three workplece carrier
assemblies 11 on respective workpiece carrier supports 1,

and three tool carriers 21, 22, 23. This can further

enhance productivity.

OCbviously, there are endless alternatives. For
example, the embodiment of Fig. 2D can be modified by
removing one of the workpiece carrier assemblies 11 and
supports 1, providing for an “F”-shaped layout. Or the tool
carrier support can be further extended, to provide for
additional 1i1noperative positions at 1its ends. Further

workpiece carrier supports can be added, whenever desired.

One possible embodiment of the invention, in

accordance with the “U”-shaped layout of Fig. 2B, 1s shown

in further detail in Figs. 3-5. The machine tool comprises
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two workpiece carrier assemblies 11 on each of which a
workpiece carrier 12 is mounted, so that it 1is displaceable

in parallel with a vertical Y axis, along guide rails 13.

This vertical movement of the work pilece carrier along the
guide rails 13 can be achieved by conventional means, such
as by a servo motor drive system 20, which can be

controlled by a computer 50 of the machine tool

(schematically illustrated in Fig. 5). By means of the

vertical movement, the workpiece carrier 12 can Dbe
positioned at a desired height for receiving workplieces
from a supply device (not illustrated), for delivering
machined workpieces, for positioning the workpleces at the
right height for interaction with the tools for machinilng,
and for displacing the workpieces vertically during
machining.

Each workpiece carrier assembly 11 1s a carriage

designed for stability and rigidity so that the workpieces

can be kept in their accurate position during 1interaction

with the tools. Each carriage is supported on a respective
workpiece carrier support 1, which includes horizontal
rails 14 (cf. Fig 4), extending along or in parallel with a
horizontal Z axis. The workpiece carrier assembly or
carriage 1is supported and guided by the guide rails for
horizontal movement 1in parallel with said 2 axis. The
machine tool includes drive systems 15, such as servo motor
drive systems, for displacing the workplece <carrier
assemblies 11 along the guide rails 14, 1n a controlled
manner, for example, controlled by the computer °0. By
means of 1its horizontal movement, the workpiece carrier
assemblies can, for example, be placed 1in a certain
position for loading/unloading workpieces, be placed 1in a

position for initiating machining (by interaction of the
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tools with the workpieces), and be displaced horizontally
during machining, for displacing the workpieces with regard
to the tools.

In this embodiment, each workplece carrier assembly 11
Oor carriage rests on the respective workpiece carrier
support 1, that 1is, 1t does not hang above 1t. This
arrangement can thus help to 1improve stability, rigidity
and can also facilitate installation of the machine tool,
compared to installations with, for example, an overhanging

gquill. Rigidity may be especially important when the

workpieces are, for example, blanks for connecting rods, as
the tolerances are small while the structural rigidity of
the blank 1s often relatively low.

The machine tool further includes two tocol carriers 21
and 22, which are supported on a tcol carrier support 2
extending along, or 1in parallel with, a horizontal X axis,
which 1s perpendicular to the Z axis. The tool carrier
support 2 is arranged at one of the ends of the workplece
carrier supports 1, which meet the tool carrier support Z
approximately at the respective ends of the tool carrier
support 2, whereby the tool carrier support and the

workpiece carrier support together form a “U” layout when

viewed from above. The tool carrier support 2 1includes on

its upper surface two horizontal guide rails 16, on which

the two tool carriers 21 and 22 are supported and along

which they are guided in parallel with said X axis,

controllably driven by a drive system 17, for example a
servo motor drive system, operation of which can Dbe
controlled by the computer 50.

The first tool carrier 21 1is displaceable along the

tool carrier support 2 between an operative position (in

which it faces one of the workpilece carrier assemblies 11
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and in which the tools mounted in the tool carrier can thus
act on the workpiece blanks mounted in the workpiece
carrier 12), and an inoperative position, 1in which 1t does
not face the workpilece carrier assembly, but 1s laterally
coffset with regard to said workpiece carrier assembly. In
Figs. 3-5, the first tool carrier 21 is in the inoperative
position. Thus, in this position, an operator can
manipulate the tools, for example, 1nspect or replace the
tools 102 and 103 mounted on the first tool carrier 21,
without having the enter the space between the workpiece
carrier assembly 11 and the tool carrier 21. Thus, as

illustrated in Figs. 3-5, manipulation of the tools 1s

easy. It can be observed how the first tool carrier <21,
when in the inoperative position, is at the central portion
of the tool carrier support 2.

Also the second tool carrier 22 can be displaced
between an operative position, in which 1t faces one of the
workpiece <carrier assemblies 11, and an 1noperative
position, laterally offset from said operative position. In
Figs. 3-5, the second tool carrier 22 is 1in the operative
position (at the side or end portion of the tool carrier

support 2).

Also the tool carriers 21 and 22 are designed for

stability and rigidity, and they are stably supported on
the tool carrier support Z.

The lateral displacement of the tool carriers 21, 22
in parallel with the X axis does not only serve tO
selectively bring the tool carriers into and out of the
operative position, but also serves Ifor positioning the
tool carriers (and the tools) in the right position (along

the X axis) for initiating machining, and for displacing
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the tool carriers (and, thus, the tools) along the X axis
during machining.

The movement of tool carrier and workplece carrier 1n
the “X”, YY" and Y2” directions can be simultaneous.
Simultaneous movement along more than one axis during
machining can be helpful for performing certain operations.

Each tool carrier has, at a front end thereof, a
plurality of rows of tools, for example two (2) rows of
tools, ecach row comprising a plurality of tools, such as
four (4) tools. For example, one tool carrier 21 can have
one row of tools with a first kind of tool 103, and one row
of tools with a second kind of tool 102, whereas the other
tool carrier 22 can have one row of tools with a third kind
of tocl 100, and a second row of tools with a fourth kind
of tool 101. For example, each row of tools can comprise
four (4) tools of the same kind. The workpliece carrier can
be arranged to support four (4) workpiece blanks 1000.

Thus, 1n this embodiment, sixteen tools of four
different kinds are provided. In many embodiments, due to
the fact that there are two tool carriers {(and as the
workpilieces can be transferred from one workpiece support
assembly to the other workpiece support assembly, and/or as
a flexible layout as per Fig. 2C or simllar can be used
which allows each tool carrier assembly to be brought to
the operative position in front of each workplece carrier
assembly, whenever desired), only two rows are needed to
accommodate the 4x4=16 tools. If only one fixed tool
carrier had Dbeen used, accommodating these tools while
allowing interaction with one row of four (4) workpieces,
would have required the use of four rows of tools, which

would have 1ncreased the distance along which the tools

would have to be arranged in the wvertical direction. By
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means of an arrangement as per the 1invention, all of the
tools can be placed within a very small vertical range, for
example, the lowermost row of tools on the tool carriers
can be arranged at a height of not less than 0.7 m, such as
not less than 1.1 m, and not more than 1.8 m, such as not
more than 1.5 m, over the floor or surface on which the

operator will stand when manipulating the tools. In this

way, the tools can be manipulated under ergonomically
favourable conditions: the height at which the tools are
placed makes manipulation comfortable, and as the tool
carriers are laterally offset from the workpiece carrier 12
and the workpiece carrier assembly 11 when the tools are to
be manipulated by the operator, the operator 1s not
disturbed by the workpiece carrier 12 or the workpiece
carrler assembly 11.

With this arrangement, several different operations
can be carried out on the workpieces, such as connecting
rod blanks, without changing the tools, by using the tools
at different rows of the tool carriers, by shifting the
workpieces from one workpilece carrier assembly to another
and and/or, in some embodiments (such as the one of Fig.
2C), whenever necessary, by switching the tool carriers
sideways, so that the tool carrier that was at 1ts
inoperative position enters the operative position, and
vice-versa. Also, i1f further tools are needed, or 1f tools

need to be replaced, this can be handled easily by an

operator, for example, as 1illustrated in Fig. 3, Dy
manipulating the tools of an inoperative tool carrier while
the other tool carrier is operative (or not).

Also the height of the workpiece carrier support (1)
and the tool carrier support (2) can be kept low, for

example, at less than 1.1 m or at less than 0.6 m. In some
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embodiments of the invention, all guide rails can be kept

at less than 1.1 m, 0.8 m, 0.7 m, 0.6 m or 0.5 m.

In the described embodiment, the absence of quills and

similar overhanging structures can be advantageous, 1n
terms of stability and 1in terms of simplicity of
installation. In the described embodiment, both the
workplece carrier assemblies and the tool <carriers are
driven along and on top of fixed and stable supports. All
the tools can be arranged at a height at which they can be
manipulated by operators under ergonomically satisfactory
conditions.

The tools can be driven by spindles motor 18, for
example, via multiple spindle heads. This 1s conventional
in the art and these drive mechanisms do thus not need to
be discussed herein. Any suitable c¢onventional or non-
conventional kind of drive mechanism can be used. Also, the

tool carriers can also be provided with cooling means, for

example, with nozzles for ejecting a cooling liquid or
fluid for cooling the tools and/or blank during operation.

The tools can be arranged for rotation around an axis
parallel to the Z axis.

Any kind of suitable workpilece carrier can be used.
Fig. 6 just illustrates an example of one possible layout
of a workpiece carrier, with hydraulically or pneumatically
operated, pivotably arranged blocking elements 19 for
blocking the workpieces 1000 in the correct position for

machining.

List of reference numbers used in the description:

1 workpilece carrilier support
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2 tool carrier support

11 workplece carrlier assembly

12 workpiece carrier

13 vertical guide rails on the workplece
D carrier assembly for guilding the

workpiece carrier during 1its vertical

movement
14 horizontal guide rails of the workpiece
carrier support, for guiding the
10 workpiece carrier assembly during 1ts

horizontal movement
15 drive system for driving workpiece

carrier assembly

16 horizontal guide rails for the tool
15 carriers
17 drive system for driving the tool
carriers
18 motor spilndles
19 blocking elements
20 20 drive system for driving workpilece
carrier
21, 22, 23 tool carriers
50 computer
100, 101,102,103 tools
25 1000 connecting rod (blank)
A operative position
B inoperative position

In this text, the term  “comprises” and 1ts
30 derivations (such as “comprising”, etc.) should not be

understood in an excluding sense, that 1is, these terms

should not be interpreted as excluding the possibility that
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what is described and defined may include further elements,
steps, etc.

On the other hand, the invention 1s obviously not
limited to the specific embodiment (s) described herein, but
also encompasses any variations that may be considered by
any person skilled in the art (for example, as regards the
choice of materials, dimensions, components, configuration,

etc.), within the general scope of the invention as defined

in the claims.
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CLAIMS

1. Machine tool for machining connecting rods (1000) for a
reciprocating piston engine, preferably a reclprocating piston
engine of an automobile or a truck, comprising:

at least two workpiece «carrier assemblies (11) each

including a workpiece carrier (l1lZ) for supporting a_p&urality

ey

of workpieces (IOOQ):

at least two workpiece <carrier supports (1), each

workpiece carrier assembly (11) being supported on a

respective one of said workpiece carrier supports (1) for

horizontal movement in a first direction on sald respective
workpiece carrier support (1), said first direction being

parallel with a horizontal Z axis;

"at least a first tool carrier (21) configured for carrying

at least one tool (102, 103) for machining at least one

workpiece by rotating said tool around an axis parallel with

sald 72 axis;

a tool carrier support (2), said first tool carrier (21)

being supported 'cn1.f&xui tool carrier support (2) for
horizontal movement in a second direction ontSaid toolicarriér
'support,'. | .said.', Seéond direction being 'paraliel." ‘with a‘
horizontal X axis, said X axis being -perpendiculat to said 7Z
il _ T o
said first tool carrier (21) being displaceable on ‘said
tool carrier support (2) 1n saild second direction between at

least one operative position (A) in which said first tool

carrier (21) is facing one of sald workpiece «carrier

assemblies (11), and at least one 1noperatilve position (B) 1n

which said first tool carrier (21) is not facing any workplece

carrier assembly (11);

CA 2882087 2019-04-30
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whereln the machine tool further comprises a second tool
carrier (22), said second tool carrier (22) being Configured
for carrying at least one tool (100, 101) for machining at
least one workpiece 'by rotating sailid tool around an axis
parallel with said 72 axis,

said second tool carrier (22) being supported on said tool
carrier support (2) for horizontal movement 1n the second
direction, petween an operative position (A) 1n which said
second tool carrier (22) is tfacing one of said ‘workpieCe
carrier assemplies (11)‘, and an 1noperative position (B) 1in
which said seCOnd_ tool carrier (21) 1s not 'facing- said

workpilece carrier assembly (11).

2. Machine tool according to claim 1, wherein said first tool

carrier (21) is further displaceable between said operative
position (A) 1in which said first tool carrier (21) 1s facing

one of said workpiece carrier assemblies' (11), and at least

another operative position (A) 1n which said first tool

carrier (21) 1is facing another one of said workpiece carrier

assemblies (11).

3. Machine tool according te c¢laim 1 or 2, wherein the

workpiece carrier supports (1) extend towards respective side

Fand

portions of the tool carrier support (2), the tool carrier

support (2) further comprising a central portion, whereby the
inoperative position (B) corresponds to said central portion,
and wherein the operative positions (A) correspond to the slde

portions.

4. Machine tool according to claim 1, 2 or 3, wherein the

workpiece carrier supports (1) and the tool carrier support

CA 2882087 2019-04-30
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UD ,together-luﬂma a [J.configuration or an F configuration,

when viewed from above.

o. Machine tool according to claim 1 or 2, wherein the
workpliece carrier supports (1) extend towards respective
intermedliate portions of the tool carrier support (2), the
tool carrier support (2) further comprising a central portions
and two side portions, said side portions being separated from
said central por.tion by said 1ntermediate portions, whereby

the operative positions (A) correspond to said intermediate

portions, and wherein'the inoperative positions (B) correspond

to the side'portions and the central portion.

6. Machine tool according to claim 1 or 2, further comprising
at least a third workpiece carrier assembly (11) including a
third workpiece carrier (12) for supporting at least one
'workpiece. (lOOO), and at least a third workpiecé .carrier
support (1), said third workpliece carrier assembly (11.) being

supported on said third workpiece carrier support (1) for

horizontal movement 1in said first direction on said third

workpliece carrier support (1).

7. Machine tool according to claim 6, wherein the workpiece
carrier supports (1) extend tOwards two side portions and one
central portion of the tool carrier support (2), respectively,
the tool carrier support (2) further comprising two
‘intermediate portions positioned between said central portion

r‘“‘

and a respective one of said side portions, so that said side

portions are separated from said central portion by said

intermediate  portions, whereby at least some of  the

inoperative positions (B) correspond to said 1ntermediate

CA 2882087 2019-04-30
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portions, and wherein the operative pOsitions (A) correspond

to the side portions and the central portion.

8 . Machine tool according to c¢laim © or 7, additionally
comprising at least a third tool carrier (23) displaceable 1n
sald second direction, between at least one operative position

(A) and one i1noperative position (B).

9. Machine tool according. to claim 6, 7 or 8, wherein ,the‘

workpiece carrler supp'orts (1) and the tool carrier support

&2

(2)'together have an configuration, when viewed from above.

brrr

10. Machine tool according to any one of claims 1 to 9,

wherein all of the tools, when mounted in the respective tool

P

carrier, are placed at a height of not less than 0.7 m,

preferably not less than 1.1 m, and not more than 1.8 m,

preferably not more than 1.5 m, over a floor, said floor being

a floor on which an operator walks when servicing the machine

tool.

F

11. Machine tool according to any one of claims 1 to 10,

wherein said first tool carrier comprises N rows of tools, 1<N=

5, N preferably being 2, 3 or 4.

12. Machine tool according to claim 11, wherein said N rows of

tools comprise a plurality of tools for machining respective

ones of the plurality of workpieces.

13. Machine tool according to any one of claims 1 to 12,

wherein the workpiece carrier (12) 1is mounted on the workpiece

CA 2882087 2019-04-30
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carrier assembly (11) so that the workpiece carrier (12) 1s

displaceable in the vertical direction.

14. Machine tool according to any one of claims 1 to 13,
whérein.the workpiéce carrier support (1) and the tool carrier
support (2) are placed on a floor and arranged to support the

workplece carrilier assembly (1l) and the tool carriers (21, 22)

from below.

15. Machine tool according to any' one of claims 1 to '14,7

wherein the workpiece carrier support (1) and the tool carrier

support (2) have a height of not more than 1.1 m, preferably

‘not more than 0.0 m.

16. Machine tool a'ccording to any one of claims 1 to 15,

wherein each workpiece carrier is arranged for supporting 4-8

workpileces.

17. Machine tool according to any one of claims 1 to 16,

N

wherein each of the first and the second tool carriers is

arranged to Carry a plurality of tools, and wherein the
machine tool 1s arranged so that when a tool carrier 1s 1n
its 1inoperative position, none of the tools of the tool

carrier face any of the workpiece carrier assemblies.

18. Machine tool according to any one of claims 1 to 17,

configured so that when a tool carrier 1is in 1its inoperative

.

position, an operator can access all of the tools carried by

the tool carrier from the front without having to enter or
access the space between the workpiece carrier assembly and

the tool carrier.

CA 2882087 2019-04-30
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19. Method for machining connecting rods (1000) for a

reciprocating pist-on engine, preferably a reciprocating piston
engine' of an. automobile or a truck," co‘mpri-si'ng subjecting a
rod blank to a plurality of machining steps, wherein at least
one of said machining steps 1s carried out by a machine tool
comprising:

at' least two workpiece carrier assemblies (11) each
including a workplece carrier (12) for supporting a plurality
of workpileces (1000); o .

at least two workplece carrier supports (1), each

workpilece 'carrier assembly (11) being supported ‘on a

~respective one of said workplece carrier supports (1) for

horizontal movement in a first direction on salid respective

-

workpiece carrier support (1), sald first direction being

parallel with a horizontal Z axis;

~at least a first tool carrier (21) configured for carrying-
at least one tool (102, 103) for machinih'g at leasjt: oné
workpliece by rotating said tool around an axis parallel with
said Z axis; '

'a tool carrier support (2), said first tool carrier (21)

beilng .supported,'cmu said txxﬂ_' carrier support 'GN.' for
horizontal movement in a second direction on said tool.carfier
support, said second direction being parallel with a
horizontal X axis,' said X axis belng perpendicular to said 72
axils; ' .
said first tool carrier (21) being displaceable on said
tool carriér support (2) 1in said second direction between at
leas.t. one operative position (A) in which said first tool

F
—

carrier (21) is facing one of said workpiliece <carrier

assemblies (11), and at least one 1inoperative position.(B) 1in

CA 2882087 2019-04-30
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which said first tool carrier (21) 1s not facing any workpiece

carrier assembly (11).

- 20. Method according to claim 19, wherein said machine tool is

a machiné‘tOOl'according to any one of claims 1 to 18.

21. Method according to claim 19 or 20, in which a plurality

of said machining steps are carried out by the same machine

tool, and 1in which, between at least two of said machining

steps, the first +tool carrier (21) 1s switched <from 1its
operative position to 1its 1inoperative position, or from its

inoperative position to its operative position.

CA 2882087 2019-04-30
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