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[57] ABSTRACT

A machine tool with a rotary work spindle and a cross-
shde having a lower carriage and an upper carriage
movable on the lower carriage in a direction normal to
the direction of movement of the lower carriage. One of
the carriages is movable normal to the axis of the work
spindle. A turret is mounted on the upper carriage in-
dexible about an axis located in a plane including the
axis of the work spindle. The turret is provided with at
least two groups or rows or receiving means for tool
holders which are disposed in two parallel planes
spaced in direction of the turret axis from each other.

L2
18 Claims, 3 Drawing Figures
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TOOL SUPPORT FOR USE IN MACHINE TOOLS
PARTICULARLY IN TURNING MACHINES

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

CROSS-REFERENCE TO RELATED
APPLICATION

The present application is a divisional application of

the copending application Ser. No. 749,483 filed Oct. 9,
1970, now U.S. Pat. No. 3,786,539,

BACKGROUND OF THE INVENTION

The present invention relates to machine tools in
general, and more particularly to improvements in tool
supports for use in turning machines, especially in turn-
ing machines of the type wherein the tool support is
mounted on a slide and the workpiece is held in a rotary
work spindle.

Many types of machine tools are provided with auto-
matic tool changers which exchange tools without any
supervision or manipulation by the persons in charge.
As a rule, such machines are equipped with a tool maga-
zine and the automatic tool changer or tool changers
are designed to transport discrete tools between the
magazines and the tool holder of the machine. Each
tool changer normally operates in such a way that it
transports a fresh tool during movement away from the
magazine and returns a previously used tool during
travel toward the magazine. Tool magazines and auto-
matic tool changers are desirable and practical in large
machine tools and in huge production lines but they are
less practical or cannot be used at all in relatively small
machine tools, for example, in connection with many
types of automatic turning machines. The space require-
ments of a magazine and tool changer are normally such
that these parts cannot be readily installed In, on Or
adjacent to a relatively small turning machine or an
analogous machine tool. Moreover, tool magazines and
automatic tool changers are not practical for use in
machine tools wherein the tools must be exchanged at
frequent intervals because the total time which is taken
up for exchange of tools constitutes a substantial per-
centage of the time during which the machine tool is in
actual use. This holds especially true when the tool
magazine must be installed at a relatively large distance
from the working station so that the tool changer must
transport the tools along an elongated path. Still fur-
ther, when the tools must be exchanged at frequent
Intervals, the likelihood of penetration of foreign matter
into the sockets for tools or tool holders is quite pro-
nounced. If a chip, shaving or another foreign particle
happens to enter a socket, the tool holder or the tool
which is thereupon inserted into the same socket is not
held in an optimum position so that the configuration
and/or finish of the workpiece is unsatisfactory. It is
well known that drills, turning tools and other types of
tools which are used in relatively small automatic turn-
Ing machines must be interchanged at frequent inter-
vals; consequently, inaccurate finish of workpieces due
o penetration of foreign matter into the sockets for
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such tools of their holders is to be be expected if the -

sockets remain empty for prolonged periods of time or

2

at frequent intervals. Therefore, all presently utilized
automatic turning machines employ reciprocal tool
carriages or indexible tool turrets which support hold-
ers for several material removing tools. It was also
proposed to provide the turret or carriage of a machine
tool with two or more rows of sockets for tool holders
to thereby increase the overall number of tools which
can be held in readiness close to the working station.
Such mounting of tool holders in several rows renders
it possible to treat a workpiece with two tools in a si-
multaneous operation, for example, to remove material
by means of a turning tool and a borer.

A drawback of the just described machine tools is
that the treatment of each type of workpieces necessi-
tates a different setup of tools in the tool support, re-
gardless of whether the tool support constitutes a turret
or a carriage. Thus, whenever the machine has com-
pleted the treatment of a batch of workpieces and is to
treat a batch of different workpieces, the tools in the
tool support must be rearranged and/or replaced with
different tools. This is due to the fact that, when the
tools are mounted in a turret, the latter is merely mov-
able in the axial direction of the work spindle. A tool
carriage in presently known machine tools is movable in
a direction at right angles to the axis of the work Spin-
dle. For example, when the tools are mounted in an
indexible turret which is movable only axially of the
work spindle, a turning tool which is to remove material
from the front end face of a workpiece in the chuck of
the work spindle cannot be used in such a machine tool
because the turret would be unable to move the turning
tool radially of the work spindle.

SUMMARY OF THE INVENTION

An object of the invention is to provide a novel and
improved machine tool wherein the tool support can
carry a substantial number of tools and tool holders and
is mounted in such a way that it contributes significantly
to versatility and to the output of the machine tool.

Another object of the invention is to provide a novel
and improved tool support for use in turning machines
and analogous machine tools wherein a large number of
tools can be mounted and held in such a way that the
distribution of tools is not dependent on the nature of
the workpieces which are to be treated and that each of
a large number of tools can be rapidly moved to a requi-
site position for feeding toward engagement with the
workpieces.

A further object of the invention is to provide a tool
support which can be mounted on a slide in a machine
tool in such a way that it constitutes an inexpensive,
compact and lightweight substitute for automatic tool
changing systems of presently known design.

An additional object of the invention is to provide a
tool support which can be mounted on many presently
known machine tools without necessitating appreciable
alterations in the design of such machine tools.

A further object of the invention is to provide a tool
support wherein the tools and their holders can be con-
ventently grouped to further facilitate movements of
selected tools into engagement with workpieces and to
prevent interference by one type of tool when the
workpiece is being treated by a tool of another type.

The invention is embodied in a machine tool, particu-
larly in a turning machine, which comprises a frame, a
work spindle rotatably mounted in a portion of the
frame and having means for holding workpieces which
rotate during engagement with tools, a slide including a
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first carriage which is reciprocably mounted in the
frame and a second carriage which is reciprocably
mounted on the first carriage, one of the carriages being
reciprocable axially of the work spindle and the other
carriage being reciprocable radially of the work spindle,
and a tool support which is mounted on the second
carriage and comprises several groups of sockets or
other suitable receiving means for tool holders. The
groups preferably form rows of coplanar receiving
means and each such group is movable into at least one
predetermined plane in which the tools in tool holders
supported by the receiving means in the selected group
are in an optimum position for engagement with a
workpiece in the work spindle.

The tool support comprises a turret mounted on and
indexible with respect to the second carriage about a
second axis located in a plane including the axis of the
work spindle. The turret 1s provided with at least two
groups or rows of receiving means for tool holders
which are disposed in two parallel planes spaced in the
direction of the second axis from each other.

The novel features which are considered as charac-
teristic for the invention are set forth in particular in the
appended claims. The invention itself, however, both as
to its construction and its method of operation, together
with additional objects and advantages thereof, will be
best understood from the following description of spe-
cific embodiments when read in conjunction with the
accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a fragmentary side elevational view of a
machine tool having a turret-shaped tool support which
is constructed and mounted in accordance with the
present invention;

FIG. 2 is a plan view of the structure shown in FIG.
1, further showing a workpiece which ts mounted in the
work spindle and being treated by one of the tools
whose holders are supported by the receiving means of
the turret; and

FIG. 3 is a side elevational view of a second turret-

shaped tool support.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIGS. 1 and 2 illustrate a portion of a machine tool
which comprises a frame 20 having a headstock 22 for
a rotary work spindle whose chuck is shown at 24. This
chuck supports a workpiece 41 which 1s rotated about a
horizontal axis while in engagement with a matenal
removing tool. The frame 20 is further provided with
horizontal ways or guide means 42 extending at right
angles to the axis of the work spindle and supporting the
first or lower carriage 40 of a cross slide 38. The slide 38
further includes an upper or second carriage 36 which is
movable along ways provided on the lower carriage 40
and extending in parallelism with the axis of the work
spindle. The carriage 36 mounts a tool support 26 here
shown as including a single polygonal turret 28 which 1s
indexible about a horizontal axis normal to the axis of
the work spindle. The means for indexing the turret 28
forms no part of the present invention, If is further clear
that the illustrated octagonal turret 28 can be replaced
with a hexagonal, pentagonal, etc., turret without de-
parting from the spirit of the invention.

Each facet of the peripheral surface of the turret 28 is
formed with a pair of receiving means in the form of
radial sockets (such as the sockets 44 shown in FIG. 3)
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serving to receive the male portions of tool holders 30
each of which can carry a different material removing
tool 32. The sockets of the turret 28 form two groups
each of which includes a row or annulus of eight equi-
distant coplanar sockets so that the turret can support as
many as sixteen tools at a time.

The shaft of the turret 28 is mounted in a bearing 34
which is mounted on top of the upper carriage 36. In
addition to being indexible about its own axis, the turret
28 is movabile axially of the work spindle in response to
movement of the upper carriage 36 relative to the lower
carriage 40, and radially of the work spindle in response
to movement of the lower carriage 40, along the ways
42. This enables the person in charge to place each of
the two rows or groups of tool holders 30 into at least
one predetermined plane in which the respective tools
are in an optimum position for engagement with and for
removal of material from the revolving workpiece 41.
The tools 32 in the outer row or group of tool holders
30 (i.e., in the lower row, as viewed in FIG. 2) are
intended to remove material from the exterior of the
workpiece 41. The tools 32a in the inner group or row
of tool holders 30 (nearer to the bearing 34) are intended
to remove material from the interior of the workpiece
41. The illustrated tools 324 in the outer row of tool
holders 30 are conventional turning tools whose bits are
shown as extending from the respective tool holders.

The aforedescribed mobility of the turret 28 (with
reference to the carriage 36, with the carriage 36 rela-
tive to the carriage 40, and/or with the carriages 36, 40
relative to the frame 20) renders it possible to employ
two or more adjacent tools in any one of the two rows
simultaneously wih each other or to employ each tool
independently of all other tools (including those which
are immediately adjacent to the selected tool). Thus, the
improved tool support 26 serves as a convenient,
cheaper and more compact substitute for a conventional
tool magazine of the type from which the tools can be
removed one after the other for delivery to the tool
support prior to engagement with a workpiece. An
important advantage of the tool support 26 over such
tool magazines is that it can operate without tool chang-
ers and also that the tools 32 in each of the groups or
rows can be distributed at random rather than in a pre-
determined sequence in dependency on the nature of
workpieces as is customary in conventional tool maga-
zines.

In the position shown in FIG. 2, one of the tools 32b
in the outer row is in the process of reducing the diame-

ter of the foremost end of the workpiece 41. All of the
tools 32b of the outer row are located in a plane In
which each of these tools can be indexed into material
removing engagement with the workpiece. The se-
lected tool is thereupon fed by moving the upper car-
riage 36 and the turret 28 with reference to the lower
carriage 40 or by moving the carriages 36, 40 and the
turret 28 with reference to the ways 42. By moving the
carriage 36 to the right, as viewed in FIG. 2, and by
thereupon moving the carriages 36, 40 downwardly, as
viewed in FIG. 2, the tools 32a of the inner row (nearer
to the bearing 34) can be placed into a plane in which a
selected tool can be moved into proper posttion for
engagement with the workpiece 41 in response to index-
ing of the turret 28 by one or more steps. It will be seen
that the tools 32 of the outer and inner row need not be
distributed in dependency on the nature of workpieces
and that any one of these tools can be moved into an
appropriate position with reference to the workpiece 41




Re. 29,694

S

or any other workpiece which can be properly held by
the chuck 24.

It is clear that the movements of the carriages 36, 40
and the indexing of the turret 28 can be controlled by a
suitable programming system of any known design. The
feature that the tools 32b for external treatment of
workpieces are assembled in a second row reduces the
likelihood that the tool or tools of one row would inter-
fere with the treatment of a workpiece by one or more
tools of the other row, or vice versa. As shown in FIG.
2, the tools 32a of the inner row are sufficiently remote
from the tools 32b of the outer row so that they cannot
interfere with the operation of the tool which is shown
in material removing engagement with the workpiece
41. Analogously, when one of the tools 32a in the inner
row is caused to move into material removing engage-
ment with the workpiece 41, the tools 32b of the outer
row are out of the way and permit unimpeded internal
treatment of the workpiece. The leftmost tool 32a in the
inner row of tools shown in FIG. 2 is sufficiently re-
mote from the workpiece 41 and from the chuck 24 to
permit removal of material by the tool 32b which is
shown in engagement with the workpiece 41 all the
way to the outer end face of the chuck as well as all the
way to the bore of the workpiece. This is so despite the
fact that the diameter of the leftmost part of the work-
piece 41 greatly exceeds the diameter of its medium and
rightmost parts. If the workpiece 41 is replaced with a
smaller diameter workpiece, the likelihood that one of
the tools 32a in the inner row would interfere with the
operation of a tool 32b in the outer row is even more
remote. Thus, the selected tool 32b of the outer row can
be moved radially of the chuck 24 all the way to the axis
of the smaller-diameter workpiece. If the configuration

of a workpiece is such that a tool 32a in the inner row
would possibly interfere with the operation of a tool 32a
in the outer row, the socket behind the selected tool 32b
of the outer row is simply left empty. With reference to

FIG. 2, the holder 30 for the leftmost tool 32a of the
Inner row can be removed while the axially aligned tool
32b of the outer row removes material from the work-

piece 41. This enables the tool 32b which engages the
workpiece 41 to reduce the latter’s diameter to one

which only slightly exceeds the diameter of the bore in
the workpiece. In the event that the workpiece 41 is
replaced with a solid workpiece (without an axial bore),
the selected tool 32b of the outer row can remove
from such solid workpiece material all the way to the
axis of the chuck 24, provided that the associated tool
holder of the inner row is temporarily removed from its
socket.

FIG. 3 illustrates a modified tool support 43 which
constitutes a cylindrical turret having a cylindrical pe-
ripheral surface provided with two rows or groups of
radially extending receiving means in the form of sock-
ets 44 each of which can receive a portion of a tool
holder. It will be noted that the sockets 44 of the two
rows are staggered with reference to each other, as
considered in the circumferential direction of the tool
support 43. This renders it possible to place the two
rows closer to each other and to thus reduce the axial
length of the tool support. This tool support can be used
in the machine tool of FIGS. 1 and 2 in place of the
polygonal turret 28. The tool support 43 of FIG. 3 is
particularly suited for use in relatively small turning
machines or analogous machine tools.

The sockets 44 of at least one of the rows of sockets
shown in FIG. 3 can be provided with groove-like
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extensions, or the turret 43 can be provided with
tongues extending axially of and into the respective
sockets 44. The sockets are then capable of receiving
tool holders 30 in such a way that the tool holders are
movable radially of the turret 43 but cannot rotate in
their sockets. Suitable mechanisms can be provided to
effect axial adjustment of tool holders in their sockets.
Such types of sockets are particularly suited for recep-
tion of holders for tools 32 which are intended to re-
move material from the exterior of a workpiece. Refer-
ring again to FIG. 2, it will be noted that the tools 32b
in the outer row of receiving means in the turret 28
extend beyond the front end face of the turret. This is
desirable because the front end face of the turret cannot
interfere with the feeding of the tools in the outer row
toward the workpiece 41.

It will be understood that each of the elements de-
scribed above, or two or more together, may also find a
useful application in other types of machine tools differ-
ing from the type described above.

While the invention has been illustrated and de-
scribed as embodied in a machine tool, especially a
turning machine, it is not intended to be limited to the
details shown since various modifications and structural
changes may be made without departing in any way
from the spirit of the present invention.

Without further analysis, the foregoing will so fully
reveal the gist of the present invention that others can
by applying current knowledge readily adapt it for
various applications without omitting features that from
the standpoint of prior art fairly constitute essential
characteristics of of the generic or specific aspects of
this invention and, therefore, such adaptations should
and are intended to be comprehended within the mean-
ing and range of equivalence of the following claims.

What is claimed as new and desired to be protected
by Letters Patent is set forth in the appended claims:

[1. In a machine tool, a combination comprising a
frame; a work spindle for carrying a workpiece to be
machined, said work spindle being mounted on said
frame rotatable about a first axis; a slide including a first
carriage reciprocably mounted on said frame and a
second carriage mounted on said first carriage, one of
said carriages being reciprocably substantially axially
and the other substantially radially of said work spindle;
and tool support means mounted on said second car-
riage and comprising a turret indexible with respect to
the second carriage only about a second axis located in
a plane including said first axis, said turret being pro-
vided with at least two rows of receiving means for tool
holders, said rows being arranged about said second axis
coaxial therewith, said coaxial rows of receiving means
being spaced from each other in the direction of move-
ment of one of said carriages.]

[2. A combination as defined in claim 1, wherein said
rows of receiving means are circular rows.]

L3. A combination as defined in claim 1, wherein said
receiving means for tool holders are arranged in at least
two groups of receiving means disposed in two parallel
planes spaced in the direction of said second axis from
each other.]

4. [A combination as defined in claim 3, and} In a
machine tool, a combination comprising a frame; a work
spindle for carrying a workpiece to be machined, said work
spindle being mounted on said frame rotatable about a first
axis; a slide including a first carriage reciprocably
mounted on said frame and a second carriage mounted on
said first carriage, one of said carriages being reciprocable
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substantially axially and the other substantially radially of
said work spindle; and tool support means mounted on said

second carriage and comprising a turret indexible with
respect to the second carriage only about a second axis
located in a plane including said first axis, said turret being
provided with at least two rows of receiving means for tool
holders, said receiving means being arranged in at least two
groups disposed in two parallel planes spaced in the direc-
tion of said second axis from each other, said rows being
arranged about said second axis coaxial therewith, said
coaxial rows of receiving means being spaced from each
other in the direction of movement of one of said carriages
said combination also including a plurality of tool hold-
ers respectively mounted on said receiving means and a
tool in each of said tool holders, the tools in the tool
holders of one of said groups of receiving means extend-
ing substantially in the direction of said second axis and
being adapted to remove material from the exterior of a
workpiece carried by said work spindle and the tools in
the tool holders of the other of said groups extending in
a direction substantially normal to said second axis and
being adapted to remove material from the interior of
the workpiece.

[5. A combination as defined in claim 3, wherein said
second axis extends normal to said first axis.}

6. [ A combination as defined in claim 3,] In @ ma-
chine tool, a combination comprising a frame; a work
spindle for carrying a workpiece to be machined, said work
spindle being mounted on said frame rotatable about a first
axis;, a slide including a first carriage reciprocably
mounted on said frame and a second carriage mounted on
said first carriage, wherein said second carriage is mov-
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able in the direction of said first axis and said first car-

riage is movable in a direction transverse to said first axis;
and too!l support means mounted on said second carriage
and comprising a turret indexible with respect to the second
carriage only about a second axis located in a plane includ-
ing said first axis, said turret being provided with at least
two rows of receiving means for tool holders, said receiving
means being arranged in at least two groups disposed in two
parallel planes spaced in the direction of said second axis
from each other, said rows being arranged about said sec-
ond axis coaxial therewith, said coaxial rows of receiving

means being spaced from each other in the direction of
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of receiving means for tool holders, said receiving means
being arranged in at least two groups disposed in two paral-
lel planes spaced in the direction of said second axis from
each other, said rows being arranged about said second axis
coaxial therewith, said coaxial rows of receiving means
being spaced from each other in the direction of movement
of one of said carriages said combination also including a
plurality of tool holders respectively mounted in said receiv-
ing means and a tool in each of said tool holders, the tools
in the tool holders of one of said groups of receiving means
extending substantially in the direction of said second axis
and being adapted to remove material from the exterior of
a workpiece carried by said work spindle and the tools in
the tool holders of the other of said groups extending in a
direction substantially normal to said second axis and
being adapted to remove material from the interior of the
workpiece and wherein said second axis extends normal to
said first axis and wherein said second carriage i1s mov-
able in the direction of said first axis.

[ 8. A combination as defined in claim 3, wherein said
receiving means in said two groups are staggered with
respect to each other in the circumferential direction of
the turret.}

9. In a machine tool for use with a plurality of removable
tools wherein a selected one of said tools is located at a
work position and is capable of being moved into working
engagement with a rotating workpiece, a combination com-
prising: a frame; a work spindle mounted on said frame for
carrying the workpiece and means rotating the spindle and
the workpiece about a first axis; a slide including a first
carriage reciprocably mounted on said frame and a second
carriage reciprocably mounted on said first carriage,

_means reciprocating one carriage substantially axially of

said first axis and means reciprocating the other carriage
along a transverse axis generally parallel to a radial of said
first axis; mounting means on said second carriage; a turret
extending from said mounting means and indexible rela-
tive thereto about a second axis to a plurality of fixed
positions each representing a work position for a tool said
turret having a first annulus portion spaced from said
mounting means, concentric with said second axis and
defining a plurality of circumferentially spaced receiving
means in said first annulus portion for a predetermined
number of first removable tools and a second annulus

movement of one of said carriages said combination also 45 portion between said mounting means and said first annu-

including a plurality of tool holders respectively mounted
in said receiving means and a tool in each of said tool

holders, the tools in the tool holders of one of said groups of
receiving means extending substantially in the direction of

said second axis and being adapted to remove material
from the exterior of a workpiece carried by said work spin-
dle and the tools in the tool holders of the other of said
groups extending in a direction substantially normal to
said second axis and being adapted to remove material
from the interior of the workpiece.

7. LA combination as defined in claim §,} In a ma-
chine idol, a combination comprising a frame; a work
spindle for carrying a workpiece to be machined, said work
spindle being mounted on said frame rotatable about a first
axis;, a slide including a first carriage reciprocably
mounted on said frame and a second carriage mounted on
said first carriage, wherein said second carriage is movable
in the direction of said first axis and said first carriage is
movable in a direction transverse to said first axis;, and tool
support means mounted on said second carriage and com-
prising a turret indexible with respect to the second carriage
only about a second axis located in a plane including said
first axis, said turret being provided with at least two rows
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lus portion, concentric with the latter and defining a plural-
ity of circumferentially spaced receiving means in said
second annulus portion for a predetermined number of
second removable tools; said carriages being respectively
movable along said first axis and along said transverse axis
and selectively positioning a predetermined receiving
means of one annulus portion to where a tool received
therein is in working engagement with the workpiece, said
turret being movable in the direction defined by the spacing
between said annulus portions to selectively position either
annulus portion to where a predetermined receiving means
thereof is in a tool working engagement position, said first
and second annulus portions being spaced apart to permit
the mounting of tools in all receiving means, any selected
receiving means of either annulus portion when in said tool
working engagement position being spaced closer to said
first axis than all receiving means of the other annulus
portion and the tools thereof.

10. A combination as defined in claim 9 wherein the
receiving means lie in rows which define parallel planes,
said planes being normal to the second axis.

11. A machine tool as defined in claim 9 including tools
mounted in at least two receiving means, a first tool in one
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of said receiving means having a first workpiece-engaging
portion axially spaced from the mounting of said turret in
said second carriage and positioned to remove material
Jrom the external surface of the workpiece and a second
tool in a second receiving means ha ving a workpiece-engag-
ing portion axially located between said mounting and said
first workpiece-engaging portion to remove material Jrom
the interior of said workpiece, said workpiece-engaging
portions being sufficiently spaced apart to avoid in terfer-
ence with said workpiece.

12. The machine tool of claim 11 wherein said tools are
fixed in said receiving means during removal of material
Jrom the rotating workpiece by either of said tools.

13. The machine tool of claim 9 including a drive means
for rotating and indexing said turret and drive means Jor 15
rotating said spindle.

14. The machine tool of claim 13 including a plurality of
tool holders mounted in said receiving means of said first
annulus portion and of said second annulus portion, a tool
holder mounted in a first recelving means in the first annu- 20
lus being adapted only when disposed in the work position
and moved by said first and second carriages to support a
tool for removing material from the exterior of the work-
piece rotated about the first axis, and a second tool holder
mounted in a second receiving means in said second anny-
{us, said second tool holder being adapted, only when dis-
posed in the work position and moved by said first and
second carriages, to support a tool for removal of material
Jrom the interior of the workpiece rota ting about said first
axis.

13. The machine tool of claim 13 including a plurality of
tool holders mounted in said recei ving means and tools for
said tool holders, a first tool in one tool holder mounted in
a first receiving means in the first annulus and being
adapted only when disposed in the work position to be 35
moved along said first axis and along said transverse axis
to remove material from the exterior of the workplece
rotating about the first axis, and a second tool in a second
tool holder mounted in a second recei ving means in said
second annulus, said second tool being adapted only when 40
disposed in a work position to be moved along said first axis
and along said transverse axis to remove material from the
interior of the workpiece rotating about said first axis.

16. The machine tool of claim 15 wherein tools are
mounted in the receiving means of said first annulus and
said second annulus and have workpiece engaging portions,
the workpiece engaging portions associated with said first
annulus being spaced both axially and radially along the
second axis from the workpiece engaging portions of said
second annulus sufficiently to avoid interference between
the spindle and workpiece and the Workpiece engaging
portions of tools not in the workpiece engaging position
when one of said tools is in said workpiece engaging posi-
tion.

17. The machine tool of claim 9 with tool means
mounted in said receiving means, said tool means mounted
in said second annulus extending therefrom generally in
the direction of said first axis when in the work position and
adapted to remove material from the interior of the work-
piece, said tool means mounted in the receiving means of 60
the first annulus extending generally transverse to the first
axis when in the work position and being adapted to remove
material from the exterior of the workpiece.

18. A machine tool as defined in claim 9 wherein the too!
receiving means in said first annulus portion are located to &5
support tools to remove material from the external surface
of the workpiece and the tool recetving means in said sec-
ond annulus portion are located to support tools to remove
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material from the interior of the workpiece rotating about
said first axis.

I9. A machine tool as defined in claim 9 wherein the tool
recelving means in said first annulus portion comprise an
outer group spaced from said mounting in said second
carriage and the tool receiving means in said second anny-
lus portion comprise an inner grou p located between said
mounting in said second carriage and said outer gro up, the
tool receiving means in said first annulus portion are lo-
cated to support tools to remove material from the external
surface of the workpiece and the tool receivi ng means in
said second annulus portion are located to support tools to
remove material from the interior of the workpiece rotati ng
about said first axis,

20. A combination as defined in claim 9 and including
a plurality of tool holders mounted in said receiving means
and tools mounted in said tool holders, the tools disposed in
said first annulus portion being tools Sfor removing material
Jrom the interior of the workpiece and the tools disposed in
said second annulus being tools for removing material from
the interior of the workpiece.

21. A combination as defined in claim 9 including a
plurality of tools supported in said receiving means and
extending outwardly therefrom, each tool supported in g
receiving means of said first annulus portion extending
substantially radially toward said Sirst axis when in said
work position, and each tool supported in a recelying means
in said second annulus portion extending substantially
parallel to said first axis when in said work position.

22. In a machine tool for use with g plurality of removy-
able tools wherein a selected one of said tools is located at
a work position and is capable of being moved into working
engagement with a rotating workpiece, a combination com-
prising a frame; a work spindle mounted on said frame for
carrying the workpiece and means rotating the spindle and
the workpiece about a first axis; a slide including a first
carriage reciprocably mounted on said frame, and a second
carriage reciprocably mounted on said first carriage,
means reciprocating one carriage substantially axially of
said first axis and means reciproca ting the other carriage
along a transverse axis generally radially of said first axis;
and tool support means including mounting means on said
second carriage and a turret extending from said mounting
means and indexible relative thereto only about a second
axis substantially radially of said first axis, said turret
having a first annulus portion concentric with said second
axis and defining a plurality of circumferentially spaced
recerving means for a predetermined number of first re-
movable tools and a second annulus portion between said
mounting means and said first annulus portion and con-
centric with the latter, said second annulus portion defining
a plurality of circumferentially spaced receiving means for
a predetermined number of second removable tools, a
plurality of first tools in said Jirst annulus portion extend-
ing generally parallel to said second axis Jor performing
exterior operations on said workpiece and a plurality of
second tools in said second annulus portion extending
generally radially of said second axis to operate on the
interior of said workpiece, said turret being indexible about
said second axis to selecti vely locate a receiving means
whereby the tool thereof is disposed in a work position and
said carriages being respectively movable alon g said first
axis and along said transverse axis to bring a selected
annulus portion to a work engaging position where the tool
of the selected receiving means is in working engagement
with the workpiece, said turret being movable in the direc-
tion defined by the spacing between said annulus portions
to move from a work engagement position of one annulus
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portion to a work engagement position of the other annulus
portion.

23. In a machine tool for removing material from a
workpiece, a combination comprising: @ frame; a work
spindle mounted on said frame for carrying the workplece
and means rotating the spindle and the workpiece about a
first axis; a slide including a first carriage reciprocably
mounted on said frame and a second carriage reciprocably
mounted on said first carriage, means reciprocating one
carriage substantially axially of said first axis and means
reciprocating the other carriage along a transverse axis
generally parallel to a radial of said first axis; mounting
means on said second carriage; a turret extending from
said mounting means and indexible relative thereto about
a second axis to a plurality of fixed positions; said turret
having a first annulus portion spaced from said mounting
means, concentric with said second axis and defining a
plurality of circumferentially spaced first receiving means
in said first annulus portion and a second annulus portion
between said mounting means and said first annulus por-
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receiving means and a material removing portion; a plural-
ity of second removable tools, each having a mounting
portion secured in one of said second receiving means and
a material removing portion; each removable tool being
selectively brought into a work position when said turret Is
indexed to a predetermined one of said fixed positions, said
carriages being respectively movable along said first axis
and along said transverse axis to selectively bring a selected
annulus portion to a work engagement position where the
material removing portion of a tool in the work position s
in working engagement with the workpiece, said first tools
being designed for removal of exterior material from the
workpiece, said second tools being designed for removal of
interior material from said workpiece, one of said first tools
in said work position extending from said turret generally
radially to said first axis and one of said second tools in
said work position extending from said turret generally
parallel to said first axis, said turret being movable in the
direction defined by the spacing between said annulus

tion. concentric with the latter and defining a plurality of ~ portions to move from a work engagement position of one

circumferentially spaced second receiving means in said
second annulus portion, a plurality of first removable tools
each having a mounting portion secured in one of said first
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annulus portion to a work engagement position of the other

annulus portion.
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