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(54) Burnishing gear

(57) Described herein is a burnishing gear (3’) com-
prising a plurality of first alternating solid elements (12)
and empty elements (13’) defined by a plurality of sides
(14) for coupling with and densifying the surface of sec-

ond solid elements (8) alternating with second empty el-
ements (9) carried by a sintered gear (1); each first empty
element (13’) can house at least two second solid ele-
ments (8).



EP 1 640 085 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

�[0001] The present invention relates to an improved
burnishing gear for surface densification of gears ob-
tained by sintering, referred to briefly in what follows as
"sintered gears".
�[0002] Known is the production of mechanical compo-
nents via sintering of powders, with levels of consumption
of energy and raw material lower than those required by
traditional technologies. It is moreover known that the
mechanical components produced by sintering of pow-
ders have values of density lower than those commonly
found in components traditionally produced from mas-
sive material.
�[0003] For the aforesaid reason, the use of mechanical
components, and in particular of gears, produced via sin-
tering of powders presents some limitations in the appli-
cations in which high mechanical stresses are involved
or the transmission of high powers is required.
�[0004] Furthermore, it is known that the gears are par-
ticularly subjected, in their surface layers, to fatigue
stresses in an area corresponding to the foot and the
side of the tooth and to the wear on the side of the tooth
itself.
�[0005] Consequently the use of burnishing gears with
high hardness for increasing, by means of appropriate
operations of burnishing, the surface density of sintered
gears up to values close to the theoretical density of the
material, for the purpose of rendering their surface layers
more resistant to fatigue stresses and wear is known in
the art.
�[0006] An example of a machine for burnishing sin-
tered gears which uses burnishing gears is illustrated in
the U.S. patent No. US 5,711,187 and represented for
convenience of description in the attached schematic
Figures 1 and 2.
�[0007] The above machine is designated as a whole
by M and basically comprises a frame 2, on which there
is designed to be mounted, in such a way that it can turn
about a fixed axis A, a sintered gear 1, and a pair of
burnishing gears 3, set on opposite sides of the sintered
gear 1 and meshing therewith to determine its surface
densification through a reduction of the distance between
centres of the sintered gear 1 and the burnishing gears
3 during the operation of meshing. In particular, the bur-
nishing gears 3 are mounted so that they can rotate at
an angle about their own axes B on respective carriages
5, which are in turn able to slide along the frame 2 away
from and towards the sintered gear 1.
�[0008] The sintered gear 1 is provided, on its outer
circumferential surface, with a plurality of alternating
teeth 8 and spaces 9.
In greater detail, each tooth 8 is delimited laterally on
opposite sides by respective equally extensive sides 10,
which project in cantilever fashion from an outer circum-
ferential surface of the sintered gear 1 and are radiused
to one another in an area corresponding to their radially
outermost ends.

�[0009] The opposite ends of consecutive sides 10 are
connected to one another by the outer circumferential
surface of the sintered gear 1 and define a respective
space 9.
�[0010] In particular, in the case of sintered gears sub-
jected to surface burnishing, on each side 10 there is
provided a thickness of stock (present above all in an
area corresponding to the bottom land) with respect to
the nominal dimensions, i.e., design dimensions, of the
sintered gear 1, designed to be compacted by the com-
bined action of the burnishing gears 3. Like the sintered
gear 1, the burnishing gears 3 have, on their respective
outer circumferential surfaces, respective pluralities of
teeth 12 alternating with respective pluralities of spaces
13.
�[0011] In greater detail, each tooth 12 is delimited lat-
erally on opposite sides by respective equally extensive
sides 14 projecting in a cantilever fashion from the outer
circumferential surface of the corresponding burnishing
gear 3 and radiused to one another in an area corre-
sponding to their radially outermost ends.
�[0012] The opposite ends of consecutive sides 14 of
the burnishing gear 3 itself are connected to one another
by the corresponding outer circumferential surface and
define a respective space 13.
�[0013] The burnishing gears 3 are driven in rotation
about the respective axes B by a motor, in itself known
and not illustrated, of the machine M.
�[0014] Furthermore, the carriages 5 are actuated by
an actuator mechanism (in itself known and not illustrated
herein) along respective linear guides 15 made on the
frame 2 so as to enable, by bringing up each axis B to
the axis A and by moving it away therefrom, the engage-
ment/�disengagement of each burnishing gear 3 to/�from
the sintered gear 1.
�[0015] In use, the burnishing gears 3 rotate concord-
antly with one another about the respective axes B. Con-
sequently, at the meshing of each burnishing gear 3 with
the sintered gear 1, the latter is driven in rotation about
the axis A in a direction opposite to that of rotation of the
burnishing gears 3 themselves.
�[0016] In particular, the aforesaid rotations about the
axes B of the burnishing gears 3 occur at angular veloc-
ities such as to enable a continuous meshing with the
sintered gear 1 rotating about the axis A.
�[0017] Furthermore, by synchronizing the strokes of
the carriages 5, the burnishing gears 3 are brought up to
the sintered gear 1 until they mesh simultaneously there-
with.
�[0018] In greater detail, as is known in the gear sector,
the aforesaid meshing is obtained when one or more
teeth 12 of the burnishing gears 3 occupy the respective
spaces 9 of the sintered gear 1 and, likewise, one or more
teeth 8 of the sintered gear 1 occupy the respective spac-
es 13 of each burnishing gear 3.
�[0019] More precisely, the sides 14 of the teeth 12 roll
and slide on the respective sides 10 of the teeth 8 of the
sintered gear 1 compacting the stock present on the sides
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10 themselves and thus creating the final geometry and
the profile of the teeth 8 themselves and of the respective
spaces 9.
�[0020] In particular, each tooth 12, in the aforesaid ac-
tion of rolling and sliding on the sides 10 of the teeth 8
adjacent to a corresponding space 9, compacts and den-
sifies the sides 10 themselves, improving their mechan-
ical resistance to wear and fatigue.
�[0021] Furthermore, the movement of the carriages 5
causes the axes B to approach progressively the axis A
and causes a consequent progressive penetration of the
teeth 12 of the burnishing gears 3 into the respective
spaces 9 of the sintered gear 1. It follows that it is possible
to regulate the depth of the stroke of each tooth 12 within
the respective space 9 so as to obtain a different depth
of burnishing and consequently densified surface layers
of different thickness.
�[0022] Furthermore, by varying the aforesaid stroke of
the teeth 12 and the conformation of the latter, it is pos-
sible to densify also the bottom ends of the teeth 8 of the
sintered gear 1.
�[0023] Figure 2 represents, at an enlarged scale, a de-
tail of Figure 1 illustrating the burnishing of the sides 10
of the teeth 8 of the sintered gear 1 by the sides 14 of
the teeth 12 of one of the burnishing gears 3.
�[0024] In particular, as is clearly visible in Figure 2,
each space 13 of the aforesaid burnishing gear 3, in con-
ditions of meshing, houses a single tooth 8 of the sintered
gear 1.
�[0025] In addition, as is known in the gear sector, there
always exists a circumference D with its centre on the
axis B along which the distance measured between two
sides 14 of one and the same tooth 12 is equal to the
distance measured between two consecutive sides 14
of a space 13.
�[0026] The technique of surface densification, de-
scribed above as known in the art, presents the following
drawbacks.
�[0027] In particular, it is noted that the obtaining of sin-
tered gears 1, with the sides 10 having a shape and di-
mensions with tolerances that are normally necessary
for their correct operation in mechanical apparatuses, is
extremely problematical, frequently requiring numerous
regulations and/or variations of the design of the
high-hardness burnishing gears 3.
�[0028] In greater detail, the presence of simultaneous
contacts between a number of teeth 12 of each burnish-
ing gear 3 and the teeth 8 of the sintered gear 1 deter-
mines an intensity of the stresses on each tooth 8 itself
that is not uniform, with a maximum value in the interme-
diate area of the sides 10 of the tooth 8 and a minimum
value at the ends of the sides 10, corresponding to the
areas of start and end of meshing. Consequently, the
surface densification obtainable on each tooth 8 is not
uniform, with a maximum value on the intermediate area
of the corresponding sides 10 and a minimum value at
the ends of the sides 10 themselves. It follows that the
geometry of the sides 10 of the teeth 8 departs from the

nominal dimensions and does not respect the required
tolerances in terms of dimensions and shapes.
�[0029] To overcome the above drawback, it is neces-
sary to act on the geometry of the sides 14 of the teeth
12 of the burnishing gears 3 so as to generate profiles
capable of determining a stress as uniform as possible
on the sides 10 of the sintered gear 1 to be densified.
Said profiles depart sensibly from the traditional involute
profile and are frequently highly complex to obtain via
numeric simulation or experimental tests.
�[0030] The purpose of the present invention is to pro-
vide a burnishing gear which will enable the drawbacks
specified above and linked to known burnishing gears to
be overcome in a simple and economically advantageous
way, and in particular will enable a homogeneous surface
densification of the sintered gears to be obtained, without
the need to adopt particularly complex geometries for the
burnishing gears.
�[0031] The aforesaid purpose is achieved by the
present invention in so far as it relates to a burnishing
gear made according to Claim 1.
�[0032] The present invention likewise relates to a bur-
nishing machine, as defined in Claim 3.
�[0033] For a better understanding of the present inven-
tion, described in what follows is a preferred embodiment,
provided purely by way of non-limiting example and with
reference to the attached plate of drawings, in which: �

- Figure 1 is a side view of a burnishing machine pro-
vided with burnishing gears of a known type;

- Figure 2 is a side view, at an enlarged scale, of a
detail of Figure 1; and

- Figure 3 is a view corresponding to that of Figure 2
of a part of a burnishing gear according to the present
invention meshing with a gear produced by sintering.

�[0034] With reference to Figure 3, designated as a
whole by 3’ is a burnishing gear made according to the
teachings of the present invention. The burnishing gear
3’ is described in what follows only in so far as it differs
from the burnishing gear 3; parts that are the same as or
correspond to those of the burnishing gears 3, 3’ are des-
ignated, where possible, by the same reference num-
bers.
�[0035] In particular, the burnishing gear 3’ is provided,
on its outer circumferential surface, with a plurality of
teeth 12, having the same geometry as the teeth 12 of
the burnishing gears 3, and with a plurality of spaces 13’
different from the spaces 13 and alternating with the teeth
12 themselves.
�[0036] Advantageously, each space 13’ is sized so as
to be able to house, in meshing conditions, at least two
teeth 8 of the sintered gear 1.
�[0037] In other words, the burnishing gear 3’ is ob-
tained from the burnishing gear 3 by simply removing
one tooth 12 every two. In this way, the burnishing gear
3’ has a number of teeth 12 appropriately reduced with
respect to that of a burnishing gear 3, given the same
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radius and geometry of the teeth 12 themselves.
�[0038] It follows from the above that the burnishing
gear 3’, unlike the burnishing gear 3, has a number of
teeth 12 in simultaneous contact with the teeth 10 of the
sintered gear 1, at the most equal to two, and normally
comprised between one and two. In other words, if we
define as "front contact ratio" the ratio l/p, where 1 is the
length of contact between the teeth 12 and 10 and p is
the pitch of the teeth 12, we obtain, in the case of bur-
nishing gears 3’, a halving of said ratio with respect to
the case where known burnishing gears 3 are used.
�[0039] Furthermore, the pitch between two homolo-
gous points of two consecutive teeth 12, measured along
an arbitrary circumference D’ with centre on the axis B,
of the burnishing gear 3’ is twice that of the burnishing
gear 3.
�[0040] Instead, two consecutive sides of each tooth 12
of the burnishing gear 3’ and of the burnishing gear 3 are
set at equal distances apart along an arbitrary circumfer-
ence D’ with centre on the axis B.
�[0041] Furthermore, the distance measured along an
arbitrary circumference D’ with centre on the axis B be-
tween two consecutive sides 14 of a tooth 12 is smaller
than the distance measured between two consecutive
sides 14 of a space 13’ .
�[0042] On the basis of the foregoing exposition there
emerge clearly the advantages that may be obtained us-
ing burnishing gears 3’ made according to the present
invention on the machine M.
�[0043] In particular, the burnishing gear 3’ enables,
without either altering the geometry of the sides 14 of the
teeth 12 or redesigning the entire kinematic chain that
supplies the burnishing gear 3’ itself, geometries to be
obtained for the sides 10 of the teeth 8 having the toler-
ances necessary for proper operation of the sintered gear
1.
�[0044] In greater detail, by reducing the number of
teeth 12 of the burnishing gear 3’ with respect to that of
known burnishing gears 3, without varying the distance
between two consecutive sides of the teeth 12, it is pos-
sible to reduce the number of teeth 12 in simultaneous
contact with respective teeth 8 of the sintered gear 1.
Consequently, each tooth 12 of the burnishing gear 3’
exerts a substantially uniform load on the sides 10 of the
teeth 8 of the sintered gear 1, enabling the surface den-
sification to be controlled as well as possible and enabling
achievement of the geometries of the sides 10 of the
teeth 8 themselves contained within the prescribed tol-
erances in terms of dimensions and shape, limiting the
number of experimental tests for definition of the best
geometry of the teeth of the gears used.
�[0045] Finally, it is clear that modifications and varia-
tions can be made to the burnishing gear 3’ and to the
burnishing machine M described and illustrated herein,
without thereby departing from the sphere of protection
of the annexed claims.

Claims

1. A burnishing gear (3’) comprising a plurality of first
alternating solid elements (12) and empty elements
(13’) defined by a plurality of sides (14) for coupling
with and densifying the surface of second solid ele-
ments (8) alternating with second empty elements
(9) carried by a sintered gear (1), characterized in
that each said first empty element (13’) can house
at least two second said solid elements (8).

2. The gear according to Claim 1, characterized in
that, along an arbitrary circumference (D’) having its
centre on the axis (B) of said burnishing gear (3’),
the distance between the sides (14) defining one said
first solid element (12) is smaller than the distance
between the consecutive sides (14) defining one said
first empty element (13’).

3. A burnishing machine (M) for the surface densifica-
tion of sintered gears (1), characterized in that it
comprises at least one burnishing gear (3’) according
to Claim 1 or Claim 2.

Amended claims in accordance with Rule 86�(2) EPC.

1. A gear assembly comprising a sintered gear (1)
carrying on its circumferential surface a plurality of
first alternating teeth (8) and spaces (9), and a bur-
nishing gear (3’) carrying on its circumferential sur-
face a plurality of second alternating teeth (12) and
spaces (13’) defined by a plurality of sides (14) for
coupling with and densifying the surface of said first
teeth (8); said second teeth (12) being carried inte-
grally by and fixed to the said burnishing gear (3’);
characterized in that each said second space (13’)
can house at least two first said first teeth (8).

2. The gear assembly according to Claim 1, char-
acterized in that, along an arbitrary circumference
(D’) having its centre on the axis (B) of said burnish-
ing gear (3’), the distance between the sides (14)
defining one said second teeth (12) is smaller than
the distance between the consecutive sides (14) de-
fining one said second space (13’).

3. A burnishing machine (M) for the surface densifi-
cation of sintered gears (1), characterized in that
it comprises at least one gear assembly according
to Claim 1 or Claim 2.
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