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(54) Boring and facing head with internal tandem drive

(57) The boring and facing head comprises a tool
holder (100) with a carriage (102) to displace a tool (103)
radially, and a drive shaft (1) with a first gear (2) to rotate
the tool holder (100) around its rotation axis (101), and
with second gear (3) coupled to the carriage (102) by
means of a drive chain including a differential (4).

The head also comprises a motor (200) arranged to
act on the differential (4) to generate a difference in the
rotation speed between an input shaft (41) and an output
shaft (42), to displace the carriage (102) radially.

The drive chain comprises a third gear (5) with two
toothed parts (51, 52), angularly displaced from one an-
other, to reduce the spaces in the drive chain.

The invention also relates to a boring machine and
a method for manufacturing the head.
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Description

Field of the invention

[0001] The invention is encompassed within the field
of machine tools, and more specifically, within the field
of boring and facing heads.

Background of the invention

[0002] The use of machine tools to carry out the boring
and facing of objects is well known, such as, for example,
boring machines provided with what is commonly known
as a boring and facing head, a head that comprises an
element holding a boring and facing tool or blade that
rotates around a rotation axis to carry out the boring and
facing operation. It is usually desirable to have the pos-
sibility of displacing the tool in a radial direction, perpen-
dicular to said rotation axis.
[0003] US-A-4489629 describes an example of a bor-
ing and facing head with the possibility of the radial dis-
placement of the tool by means of an angled radial ex-
tension.
[0004] Another example of a machine that allows the
displacement of a tool in a radial direction with respect
to a rotation axis of the tool holder is described and illus-
trated in GB-A-729098. A drive shaft rotates the tool hold-
er around the rotation axis, which matches the longitudi-
nal axis of the drive shaft. The tool is mounted on a car-
riage that can be displaced radially in the tool holder, in
a direction perpendicular to the rotation axis. On the other
hand, the drive shaft also actuates a double differential
that comprises a first gear attached to the drive shaft that
acts on bevel gears, which in turn displace, in the inverse
direction, a second gear which in turn acts on other bevel
gears that displace a third gear in the same direction of
rotation than that of the drive shaft. The third gear is cou-
pled to a last bevel gear that forms part of a threaded
spindle, which rotation around its longitudinal axis pro-
duces the displacement of the carriage in the radial di-
rection. When the drive shaft rotates, so does the tool
holder, and with it, the last bevel gear, with which the last
bevel gear and the third gear rotate at the same time and
in the same direction. The machine also comprises a
hand wheel 26 that acts on one of the differentials to
modify the ratio between the input speed and output
speed to generate the movement of the carriage with the
tool.
[0005] This machine exhibits the inconvenience that it
uses a double differential, and therefore, there are many
gears between the drive shaft, namely, the input shaft,
and the carriage, which could lead to problems of inac-
curacy. In order for the gears to operate and to be easy
to produce and mount, they need a space among the
engaging teeth.

Description of the invention

[0006] A first aspect of the invention relates to a boring
and facing head, which comprises:

a drive shaft (coupleable to, for example, the rod of
a ram of a boring machine); and
a tool holder arranged to rotate around a rotation
axis, the tool holder comprising a carriage configured
to hold a tool, such as a blade, said carriage being
displaceable radially in a perpendicular direction to
said rotation axis, to displace the tool (103) radially
in the working plane.

[0007] The drive shaft comprises, in an attached or
fixed manner to said shaft, a first gear arranged to rotate
the tool holder around the rotation axis whenever the
drive shaft rotates.
[0008] The drive shaft also comprises, in an attached
or fixed manner to said shaft, a second gear coupled to
the carriage through a motion drive chain, which includes
a differential, preferably just one, with an input shaft and
an output shaft.
[0009] On the other hand, the head also comprises a
motor arranged to act on the differential to generate a
difference in the rotation speed between the input shaft
and the output shaft, or to modify the ratio between the
rotation speeds of the input shaft and the output shaft in
order to displace the carriage radially.
[0010] The drive chain comprises a third gear, which
comprises a first toothed part and a second toothed part
arranged on the same rotation axis, near each other (for
example, one of the parts being connected to the other),
said first toothed part being angularly displaced with re-
spect to said second toothed part, such that the teeth of
one of said parts are slightly displaced with respect to
the teeth of the other of said parts, in the direction of
rotation.
[0011] These two toothed parts, which can exhibit
toothed sets with identical or substantially identical pro-
files, can be arranged such that when engaging with an-
other toothed gear, for example, with the second gear, a
tooth of the first part and a tooth of the second part can
meet between a pair of teeth of the other toothed gear
such that, due to the angular displacement, the tooth of
the first part can abut with one of the teeth of said pair of
teeth, and the tooth of the second part can abut with
another of the teeth of said pair of teeth. Thus, the spaces
and tolerances within the system are reduced. When
mounting the drive chain, the two toothed parts can be
angularly movable relative to each other, and when the
drive chain is mounted, they are angularly displaceable
together until each of them abuts with a tooth correspond-
ing to two adjacent teeth of the gear with which the third
gear engages, which is when said angular displacement
is blocked, for example, by means of a pin, screws, nuts
or any other appropriate system. The foregoing, and es-
pecially in combination with the use of a single differential
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in the drive chain between the drive shaft and the car-
riage, can serve to increase the precision and reduce the
spaces and tolerances, which is crucial in this type of
machines.
[0012] In some embodiments of the invention, the third
gear can be a segmented gear, such as a straight, seg-
mented gear that can comprise two pieces obtained sep-
arately or obtained from a piece that has been segment-
ed. The third gear comprises said first toothed part and
said second toothed part, locked together, with said first
toothed part being angularly displaced with respect to
the second toothed part with an angle smaller than the
angle between two consecutive teeth. In general, the an-
gular displacement is a fraction of the angle correspond-
ing to 360 degrees divided by the number of teeth of each
toothed part, for example, a tenth, a twentieth or a hun-
dredth part of said angle. That is to say, two pieces with
substantially identical toothed sets, at least with respect
to the profile of the teeth, are intended to be arranged
slightly displaced in the angular direction, namely, in the
direction of rotation, in order for the third gear to abut with
the front and rear teeth of the pair of teeth of the gear
with which it engages, such as the second gear. Thus,
the spaces in the system and the tolerances of the ma-
chine can be reduced.
[0013] In some embodiments of the invention, the first
toothed part and the second toothed part can be arranged
such that the angular displacement between them can
be adjusted in order to adapt according to the wear of
the gears produced with the use of the head over the
years.
[0014] In some embodiments of the invention, the dif-
ferential can comprise a differential support wherein two
differential gears are housed, by means of which the input
shaft (41) is coupled to the output shaft, such that the
input shaft and the output shaft rotate in opposite direc-
tions. The motor can be coupled to said differential sup-
port, for example by means of a threaded shaft or endless
screw that engages with a crown in the differential sup-
port, such that the motor can rotate the differential sup-
port to produce or modify the difference in the rotation
speed between the input shaft and the output shaft. Thus,
by means of the motor, for example, a servomotor, the
radial displacement of the carriage holding the tool can
be regulated, which can have a speed proportional to the
difference in the rotation speed between the input shaft
and the output shaft. The differential gears can be, for
example, bevel gears that can both engage with a bevel
gear of the input shaft and with a bevel gear of the output
shaft. That is to say, this would be a basically conven-
tional differential configuration with respect to these bevel
gears.
[0015] In some embodiments of the invention, the third
gear can be attached or affixed to the input shaft such
that the rotation of the third gear can rotate said input
shaft; for example, the third shaft can be mounted directly
on the input shaft.
[0016] In some embodiments of the invention, the sec-

ond gear can engage with the third gear, such that the
drive shaft is arranged to rotate said input shaft directly,
by means of said second gear and said third gear. The
foregoing, added to the use of the segmented gear for
the third gear, and to the use of a single differential, im-
plies a short drive chain with few spaces.
[0017] In some embodiments of the invention, the third
gear can be configured such that in a certain rotation
position, a tooth of the first toothed part of said third gear
and a tooth of the second toothed part of said third gear
are located between two adjacent teeth of said second
gear, said tooth of the first toothed part abutting with one
of said two teeth of the second gear, and said tooth of
the second toothed part abutting with the other of said
two teeth of the second gear. Thus, the spaces in the
drive chain are minimized.
[0018] In some embodiments of the invention, the first
gear can engage with a gear or crown joined together
with the tool holder, for example by means of screws,
such that the rotation of the drive shaft rotates the tool
around the rotation axis.
[0019] In some embodiments of the invention, the out-
put shaft can engage with a threaded spindle to which
the carriage is coupled, such that the rotation of the spin-
dle around a longitudinal axis of the spindle generates a
displacement, in the radial direction, of the carriage. This
coupling can be carried out, for example, with two bevel
gears, one in the output shaft of the differential and the
other in the spindle, and the system can be configured
such that when the motor is not acting on the differential,
these two bevel gears rotate with the same speed, with
which the output shaft will not rotate the spindle, due to
which the carriage will not move. Whenever the motor
acts on the differential, modifying the ratio between the
rotation speed of the input shaft and the rotation speed
of the output shaft, the speed ratio between these two
bevel gears is modified, with which the spindle rotates
around its longitudinal axis, displacing the carriage, and
with the carriage, the tool, in the radial direction.
[0020] In some embodiments of the invention, the first
gear can be related to the tool holder and the second
gear can be related to the carriage, such that when there
is no difference in the rotation speed between the input
shaft and the output shaft (or when the ratio between
these two speeds is a predetermined ratio) the carriage
is not displaced radially, and when there is a difference
in the rotation speed between the input shaft and the
output shaft (or when the ratio between these speeds is
no longer the predetermined ratio) the carriage is dis-
placed radially depending on the ratio between the rota-
tion speed of the input shaft and the rotation speed of
the output shaft
[0021] In some embodiments of the invention, the tool
holder can also comprise a counterweight arranged to
move radially in a synchronized manner with the carriage.
[0022] Another aspect of the invention relates to a bor-
ing machine, which comprises a ram with a rod, the rod
being attached or coupled to the drive shaft of a head
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such as the one described above, such that the rod can
rotate the drive shaft.
[0023] Another aspect of the invention relates to a
method of manufacturing or mounting of a head such as
the one described above. The method includes the steps
of:

- mounting the third gear such that it engages with the
second gear, such that a tooth of the first toothed
part of the third gear and a tooth of the second
toothed part of the third gear are located between
two adjacent teeth of the second gear;

- displacing the first toothed part and the second
toothed part angularly together, until the tooth of the
first toothed part abuts with one of the two adjacent
teeth of the second gear, and until the tooth of the
second toothed part abuts with the other of the two
adjacent teeth of the second gear; and

- locking the first toothed part and the second toothed
part together, in order to maintain the angular dis-
placement selected between the first toothed part
and the second toothed part. This way, the spaces
in the drive chain are minimized.

Brief description of the figures

[0024] In order to supplement the description and with
the purpose of facilitating a better comprehension of the
characteristics of the invention in accordance with an ex-
ample of a practical embodiment thereof, a set of figures
representing the following in an illustrative rather than
limiting manner is attached as an integral part of the de-
scription:

Figure 1 is a perspective view of the exterior of a
head according to a potential embodiment of the in-
vention.

Figure 2 is an elevational sectional view of said head.

Figure 3 is a perspective sectional view of said head,
with enlarged views of two areas of the view.

Figure 4 is a perspective sectional view of said head,
with the section plane somewhat displaced with re-
spect to figure 3, and with an enlarged view of an
area of the view.

Figure 5 is a perspective view of a horizontal section
of the head, with an enlarged view of an area of the
view.

Figure 6 is a vertical sectional view perpendicular to
the rotation axis, with an enlarged area of one of the
views.

Figures 7A and 7B are schematic views of the en-
gagement between the second gear and the third

gear.

Description of an embodiment of the invention

[0025] Figure 1 illustrates a boring and facing head
schematically according to an embodiment of the inven-
tion, which comprises a body or casing 300 that can be
coupled to a boring machine, and a tool holder 100 that
can rotate around a rotation axis 101. The tool holder
includes a carriage 102 that can be displaced in a linear
manner according to an axis 104 to displace a tool 103
in a radial manner with respect to the rotation axis 101.
Thus, the tool can rotate around the rotation axis 101 and
be displaced radially according to the axis 104.
[0026] Figure 2 illustrates how the head is coupled to
a ram 400 of a boring machine schematically, such that
a drive shaft 1 of the head, housed inside the casing 300,
is coupled to the rod 401 of the ram, such that when the
rod of the boring machine rotates, the drive shaft 1 rotates
as well, which can comprise two parts, 1 A and 1 B, at-
tached to each other, to facilitate the mounting. As illus-
trated in figure 2, the drive shaft 1 comprises a first gear
2 and a second gear 3, arranged on the same axis but
axially displaced from one another. The second gear en-
gages, through the outer part, with a third gear 5 in the
form of a toothed crown, and the first gear engages,
through the inner part, with a fourth gear 20 in the form
of a toothed crown, attached by means of screws to the
tool holder 100. Thus, when the drive shaft 1 rotates, the
first gear 2 rotates, a toothed wheel engaged with a
toothed set in the inner surface of the crown 20, which
produces the rotation of the tool holder 100 around its
rotation axis 101. This is also illustrated schematically in
figures 2-4.
[0027] Figure 2 also shows how the second gear 3, a
toothed wheel, engages with the third gear 5, which com-
prises the two toothed parts 51 and 52, which are con-
nected to each other such that they share the rotation
axis, the two toothed parts 51 and 52 being attached to
each other such that the rotate together. The two toothed
parts 51 and 52 are toothed parts angularly displaced
from one another, such that the teeth 51 A of one of the
toothed parts are slightly displaced with respect to the
teeth 52B of the other of the toothed parts, as illustrated
schematically in figures 7A and 7B, wherein it has been
indicated that, due to this displacement, where the sec-
ond gear 3 engages with the third gear 5, the gears 3
and 5 abut with one another in both directions of rotation,
which reduces the spaces in the system and improves
the precision of the machine. As shown in figures 7A and
7B, the two parts 51 and 52 exhibit toothed sets with
substantially identical profiles, and are arranged such
that when the third gear 5 engages with the second gear
3, a tooth 51 A of the first part 51 and a tooth 52A of the
second part 52 meet between a pair of teeth 3A and 3B
of the second gear 3, such that, due to the angular dis-
placement, the tooth 51A of the first part 51 abuts with
one of the teeth 3A of said pair of teeth, and the tooth
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52B of the second part 52 abuts with the other of the
teeth 3B of said pair of teeth. Thus, the spaces and tol-
erances of the system are reduced. When mounting the
drive chain, the two toothed parts 51 and 52 may be an-
gularly movable relative to each other, and when the drive
chain is mounted, the two parts are angularly displace-
able together until a tooth 51 A, 52B of each part 51, 52
abuts with a corresponding tooth 3A, 3B of the second
gear, when said angular displacement is locked, for ex-
ample, by means of a pin, bolts, nuts, or any other ap-
propriate system. As the teeth of the gears are worn down
due to the use of the head, the lock of the angular dis-
placement can be released and the two parts 51 and 52
can rotate again with respect to the rotation axis of the
third gear 5, and the angular movement can once again
be locked when the two teeth 51 A, 52A of the two parts
51, 52 once again abut with the corresponding teeth 3A,
3B of the second gear 3. This way, the spaces and tol-
erances in the system can be kept at a minimum.
[0028] As shown in figures 2-4, the third gear 5 is at-
tached to an input shaft 41 in a differential 4, which also
exhibits an output shaft 42, the input shaft 41 being pro-
vided with a bevel gear 41 A (see figure 3) and the output
shaft 42 being provided with another bevel gear (42A),
these two bevel gears being coupled together by means
of two differential bevel gears 43, as is usual in differen-
tials. Thus, the input shaft 41 and the output shaft 42 will
rotate in opposite directions.
[0029] The bevel gears are mounted in a differential
support 44 which, when still, make the rotation speed of
the input shaft 41 be the same as the rotation speed of
the output shaft 42.
[0030] As shown in figures 1 and 5, the output shaft 42
is provided with a second bevel gear 42B which engages
with a bevel gear 6A of a threaded spindle 6 arranged in
the tool holder 100, such that if there is a difference be-
tween the rotation speed of the output shaft 42 and the
rotation speed of the tool holder around its rotation axis
101, a rotation of the threaded spindle around its longi-
tudinal axis is produced. The carriage 102 is coupled to
the threaded spindle 6 by means of a nut 102A, such that
when the spindle 6 rotates around its longitudinal axis,
the carriage 103 will begin to be displaced in parallel to
the spindle, that is to say, according to the axis 104, there-
fore displacing the tool 103 in the radial direction.
[0031] In this embodiment of the invention, the first
gear is related to the tool holder 100, and the second
gear 3 is related to the carriage such that when there is
no difference in the rotation speed between the input
shaft 41 and the output shaft 42 of the differential 4, the
bevel gears 42B and 6A (see figures 2 and 5) rotate with
the same speed and the spindle 6 does not rotate around
its longitudinal axis, due to which the carriage 102 is not
displaced radially. That is to say, in this case, when the
drive shaft 1 rotates driven by the rod 401 of the boring
machine, the first gear 2 rotates the crown 20 and the
tool holder around the rotation axis 101 with the same
rotation speed with which the second gear 3 rotates,

through the drive chain described above, the second bev-
el gear 42B of the output shaft of the differential 4.
[0032] On the other hand, as shown in figures 1 and
4, inside the casing 300 there is a motor 300 provided
with an endless screw or threaded spindle 201 (see figure
5), which engages with the crown 44A (see figures 3-6)
of the differential support 44 where the two bevel gears
43 of the differential are housed. Therefore, the motor
can rotate the support in one or the other direction
(around the longitudinal axis defined by the input shaft
41 and the output shaft 42), such that the rotation speed
of the output shaft 42 is different than the rotation speed
of the input shaft 41. This difference means that the ro-
tation of the output shaft 42 is no longer synchronized
with the rotation speed of the tool holder 100 with the
spindle 6, with which the output shaft 42, through the
bevel gear 42A that engages with the bevel gear 6A of
the spindle 6, causes the rotation of the spindle around
its longitudinal axis, producing the displacement of the
carriage 102 and with it the tool 103.
[0033] On the other hand, there is also a counterweight
7 arranged to be displaced in a synchronized manner
with the carriage 102, that is to say, when the carriage
is displaced outwards in the lateral direction, the same
happens with the counterweight, in order to maintain a
balance of forces with respect to the rotation axis.
[0034] In this text, the word "comprises" and its variants
(such as "comprising", etc.) such not be interpreted in an
excluding manner, that is to say, they do not exclude the
possibility that what is described includes other elements,
steps, etc.
[0035] On the other hand, the invention is not limited
to the specific embodiments described herein, but also
covers, for example, the variants that could be carried
out by an average expert in the art (for example, in terms
of the selection of materials, dimensions, components,
configuration, etc.) within what is deduced from the
claims.

Claims

1. Boring and facing head, which comprises:

a drive shaft (1);
a tool holder (100) arranged to rotate around a
rotation axis (101), the tool holder (100) com-
prising a carriage (102) configured to hold a tool
(103), said carriage (102) being displaceable ra-
dially in a direction perpendicular to said rotation
axis (101) to displace the tool (103) radially;
the drive shaft (1) comprising a first gear (2) ar-
ranged to rotate the tool holder (100) around
said rotation axis (101) when the drive shaft (1)
rotates;
the drive shaft (1) comprising a second gear (3)
coupled to said carriage (102) through a drive
chain, which includes a differential (4) with an
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input shaft (41) and an output shaft (42);
the head further comprising a motor (200), said
motor (200) being arranged to act on the differ-
ential (4) to generate a difference in the rotation
speed between the input shaft (41) and the out-
put shaft (42) in order to displace the carriage
(102) radially;
said drive chain comprising a third gear (5),
which comprises a first toothed part (51) and a
second toothed part (52) arranged on the same
rotation axis, near each other, said first toothed
part (51) being angularly displaced with respect
to said second toothed part (52).

2. Boring and facing head according to claim 1, wherein
said third gear (5) is a segmented gear that compris-
es said first toothed part (51) and said second
toothed part (52), locked together, with said first
toothed part (51) being angularly displaced with re-
spect to the second toothed part (52) with an angle
smaller than the angle between two consecutive
teeth.

3. Head according to any one of the preceding claims,
wherein said first toothed part (51) and said second
toothed part (52) are arranged such that the angular
displacement between them can be adjusted to
adapt according to the wear of the gears.

4. Head according to any one of the preceding claims,
wherein said differential (4) comprises a differential
support (44) in which two differential gears (43) are
housed, by means of which the input shaft (41) is
coupled to the output shaft (42), such that the input
shaft (41) and the output shaft (42) rotate in opposite
directions, the motor (200) being coupled to said dif-
ferential support (44) such that the motor can rotate
the differential support (44) to produce said differ-
ence in the rotation speed between the input shaft
(41) and the output shaft (42).

5. Head according to claim 4, wherein said differential
gears (43) are bevel gears (43) that both engage
with a bevel gear (41 A) of the input shaft (41) and
with a bevel gear (42A) of the output shaft (42).

6. Head according to any one of the preceding claims,
wherein said third gear (5) is attached to the input
shaft (41) such that the rotation of said third gear (5)
rotates said input shaft (41).

7. Head according to claim 6, wherein said second gear
(3) engages with said third gear (5), such that the
drive shaft (1) is arranged to rotate said input shaft
(41) through said second gear (3) and said third gear
(5).

8. Head according to any one of the preceding claims,

wherein said third gear (5) is configured such that in
a certain rotation position, a tooth (51 A) of the first
toothed part (51) of said third gear (5) and a tooth
(52A) of the second toothed part (52) of said third
gear (5) are located between two adjacent teeth (3A,
3B) of said second gear (3), said tooth (51 A) of the
first toothed part (51) abutting with one (3A) of said
two teeth of the second gear (3), and said tooth (52A)
of the second toothed part (52) abutting with the other
(3B) of said two teeth (3A, 3B) of the second gear (3).

9. Head according to any one of the preceding claims,
wherein said first gear (2) engages with a gear (20)
attached to the tool holder (100), such that the rota-
tion of the drive shaft (1) rotates the tool holder (100)
around the rotation axis (101).

10. Head according to any one of the preceding claims,
wherein the output shaft (42) engages with a thread-
ed spindle (6) to which the carriage (102) is coupled,
such that the rotation of the threaded spindle (6)
around a longitudinal axis of the threaded spindle (6)
generates a displacement, in the radial direction, of
the carriage (102).

11. Head according to any one of the preceding claims,
wherein

- the first gear (2) is related to the tool holder
(100) and
- the second gear (3) is related to the carriage

such that when there is no difference between the
rotation speed of the input shaft (41) and the output
shaft (42), said carriage (102) is not displaced radi-
ally, and when there is a difference in the rotation
speed between the input shaft (41) and the output
shaft (42), said carriage (102) is displaced radially.

12. Head according to any one of the preceding claims,
wherein the tool holder (100) further comprises a
counterweight (7) arranged to be displaced radially
in a synchronized manner with the carriage (102).

13. Boring machine that comprises a ram (400) with a
rod (401), said rod (401) being attached to the drive
shaft (1) of a head according to any one of the pre-
ceding claims, such that said rod can rotate said drive
shaft.

14. Method of manufacturing a head according to any
one of the claims 1-12, which comprises the steps of:

- mounting the third gear (5) such that it engages
with said second gear (2), such that a tooth (51
A) of the first toothed part (51) of said third gear
(5) and a tooth (52A) of the second toothed part
(52) of said third gear (5) are located between
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two adjacent teeth (3A, 3B) of said second gear
(3);
- displacing said first toothed part (51) and said
second toothed (52) part angularly together, un-
til said tooth (51 A) of the first toothed part (51)
abuts with one (3A) of said two teeth of the sec-
ond gear (3), and until said tooth (52A) of the
second toothed part (52) abuts with the other
(3B) of said two teeth (3A, 3B) of the second
gear (3); and
- locking the first toothed part (51) and said sec-
ond toothed part (52) together, in order to main-
tain an angular displacement selected between
the first toothed part (51) and the second toothed
part (52).
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