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(54) Title: AN ELECTROMECHANICAL BRAKE CALLIPER ACTUATOR

FIG. 1

(57) Abstract: An electromechanical brake calliper (9) comprises a calliper body (10) and an electromechanical actuator (11) that
includes a screw (14) and a nut screw (16) coupled to it, so that the nut screw (16) engages a movable thrust element (18, 32) by
means of coupling surfaces (C, C' and C™) that cooperate each other in the thrust relationship, so as to allow an oscillation of the rel -
ative nut screw (16) with respect to the movable thrust element (18, 32) about a single transverse axis (k), impeding the relative rota -
tion between the nut screw (16) and the piston (18) about a longitudinal axis (y).
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DESCRIPTION

“An electromechanical brake calliper actuator”

Technical sector

This invention pertains, in general, to the field of braking
systems; in particular, the invention relates to an actuator
for an electromechanical brake calliper.

State of the art

The technical field of application of this invention is that
of electromechanical brake callipers, which generally require
an electrical actuation, a reduction system and a system for
converting the motion from rotary to translatory.

The conversion of the motion takes place by means of the
meshing between a rotatable screw housed in a caliper body or
calliper body, and a nut screw, usually by means of circulat-
ing balls in the interface between screw and nut screw, in
so-called recirculating ball screws.

The rotation of the screw imparts a translational motion to
the nut screw, which pushes a piston that engages one of a
pair of brake pads, mounted on the calliper body symmetri-
cally with respect to a brake disc; the pressure of the pads
on the disc generates a braking action, whose reaction is
discharged onto the calliper body and the elements connected
to it. This reaction causes a misalignment between the screw

axis and piston axis, compromising the efficiency and/or me-
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chanical integrity of the device due tTo the uncompensated
stresses on the support and transmission components.

In fact, it is known how the flexion of the brake calliper,
caused by the reaction force that the brake pads exert on the
calliper itself when compressed, causes a relative rotation
between the support surface of the piston on the brake pad
and the working axis of the screw (with consequent misalign-
ment of the longitudinal axis of the piston with respect to
the longitudinal axis of the screw). In other words, the
working axis of the screw tends to remain perpendicular to
the plane of axial abutment of the screw on the calliper
body, while the working axis of the piston tends to remain
perpendicular to the pad-disc plane.

This misalignment of the axes can cause a non-uniform distri-
bution of the load on the axial bearing supporting the screw
and an imperfect distribution of the load on the rolling ele-
ments interposed between screw and nut screw, with consequent
inhomogeneous Hertzian pressures on the balls, and thus prob-
lems related to the service life fatigue of the components.
To overcome this defect, the stiffness of the calliper body
can be 1increased, thus 1limiting its deformability. Conse-
quently, the oscillation/inclination of the screw axis, rela-
tive to the piston axis, 1is reduced (i.e., the misalignment
between the working axes of the piston and the screw is re-

duced), with the consequence, however, of significantly in-
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creasing the overall dimensions and mass of the brake.
Alternatively, a further degree of freedom can be introduced
into the system that allows compensating for the different
working angle of the piston-recirculating screw axes. Conven-
iently, an articulated Jjoint, i.e., a circumferential con-
straint, is added at the interface between the piston and the
nut screw that allows the piston to orient itself in direc-
tions not coincident with the longitudinal axis of the screw,
while maintaining the possibility for the nut screw to engage
and push said piston.

A solution that compensates for misalignment between thrust
piston and screw-nut screw assembly, which uses coupling sur-
faces conical to the interface between nut screw and piston,
is known from the document US 8,607,939,

However the known solutions, which typically provide for the
application of conical or spherical joints at the interface
between the nut screw and the piston, cannot inhibit a possi-
ble partial rotation of the piston relatively to the nut
screw because 1t is possible that, at the articulated joint
between the nut screw and piston, there will be a mutual
sliding between the contact surfaces, giving rise to an angu-
lar shift between piston and nut screw.

Such rotation introduces an error in the correlation between
the rotation angle of the shaft of the electric motor (angle

"o") and the translation of the thrust piston (stroke "c"),
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where such a correlation must be ensured, in the respect of
the design parameters, in all conditions of use (temperature,
speed, etc.) to ensure the operational efficiency of the
braking device.

In fact, if an anti-rotation system were not present between
both the nut screw and the piston and the piston and the cal-
liper body, there would be an imposed rotation of the screw
and a rotation of the nut screw and/or piston without any ax-
ial displacement with respect to the calliper body. It is
therefore necessary that, to an imposed rotation of the screw
(correlated to the rotation of the motor by means of the re-
duction ratio of the mechanical transmission), there 1is a
corresponding axial displacement of the nut screw/piston ac-
cording to a predetermined relationship, so as to allow the
electronic control unit a proper and efficient management of
the brake calliper actuation device.

Analysing the kinematic chain associated with an electrome-
chanical calliper, one notes that the interface between the
thrust piston and the mechanical system that transforms the
motion from rotatory to translatory i1s the most critical area
as regard the adherence (in operating conditions of the brak-
ing action) of the real angle-stroke correlation to the de-
sign formula.

The implementation of rigid interfaces (for example by

threading, interference etc.), useful to ensuring the link "«
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- ¢", would result in an over-dimensioning of the mechanical
parts due to the stresses resulting from the inability of the
components themselves to compensate for the deformations of
the brake calliper under load.

However, the prior art does not offer solutions advantageous
for avoiding the phase shift between the nominal link "o - c"
and link "o - ¢" under operating conditions (i.e., when the
calliper exerts a braking action on the disc), exploiting for
example only the coupling surfaces between piston and nut
screw.

It is therefore necessary to create shape couplings or add
specific devices that ensure the link "o - c¢”.

Summary of the invention

A purpose of this invention is to simultaneously ensure the
compensation of the misalignment and the nominal correlation
"o - C
To achieve this result, on the piston and nut screw arcuate
coupling surfaces are formed, having profiles at least partly
complementary, such as to allow a mutual rotation of these
components according to an axis of rotation perpendicular to
the plane of preferential deformation of the calliper body,
when this is stressed by the axial thrust force, at the same
ftime inhibiting the possibility for the piston to slide, with
respect to the nut screw, according to a circumferential di-

rection.
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Conveniently a contrast pin, integral with the calliper body,
engages the piston in such a way that it cannot rotate about
its longitudinal axis not even with respect to said calliper
body.

This configuration, while allowing the compensation of the
misalignment between the longitudinal axes of nut screw and
piston, inhibits the mutual rotation between the piston and
nut screw, as well as between piston and calliper body, while
preserving the design correlation "o - c¢”.

In this way, efficiency of the actuator formed by the screw-
nut screw-piston assembly is maximized.

The above and other purposes and advantages are achieved, ac-
cording to an aspect of the invention, by a device having the
characteristics defined in claim 1. Preferred embodiments of

the invention are defined in the dependent claims.

Brief description of the drawings

We will now describe the structural and functional character-
istics of several preferred embodiments of a mechanical ac-
tuator according to the invention. Reference is made to the
accompanying drawings, in which:

- Figure 1 is a schematic side sectional view of an electro-
mechanical brake calliper, comprising an actuator according
to an embodiment of the invention;

- Figure 2 1s a schematic axonometric view of a screw-nut

screw assembly, included in the actuator of Figure 1;
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- Figure 3 1s a schematic side sectional view of a nut screw,
included in the assembly of Figure 2;

- Figure 4 1is a schematic side sectional view of a thrust
piston, included in the actuator of Figure 1, according to an
embodiment of the invention;

- Figure 5 is a schematic axonometric sectional view of the
piston of Figure 4;

- Figure 6 is a schematic side sectional view of an electro-
mechanical brake calliper, comprising an actuator according
to an embodiment of the invention, in an operating condition
of the braking action;

- Figures 7 and 8 are two schematic perspective views of a
virtual cylinder that intersects a screw-nut screw assembly,
so as to define a coupling surface on the nut screw, accord-
ing to an embodiment of the invention;

- Figure 9 1is a schematic axonometric sectional view of a
piston-nut screw assembly, comprising an additional adapter
according to an alternate embodiment of the invention; and

- Figure 10 is a schematic axonometric view of the nut screw-
adapter assembly of Figure 9.

Detailed description of the invention

Before explaining in detail a plurality of embodiments of the
invention, it should be clarified that the application of the
invention is not limited to its construction details and the

configuration of the components presented in the following
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description or illustrated in the drawings. The invention 1is
able to assume other embodiments and to be practically imple-
mented or realized in different ways.

Referring initially to Figure 1, an electromechanical brake
calliper 9 comprises a calliper body 10 inside which 1is
housed a mechanical actuator 11 that includes, according to a
preferred embodiment of the invention, a recirculating ball
screw 12 and a movable thrust element 18,32. The recirculat-
ing ball screw 12 comprises a screw 14, rotatable about a
first longitudinal axis x, which screw is associated in rota-
tion to a nut screw 16 which, in function of the rotation of
the screw 14, can move with a reciprocating motion along a
direction parallel to said first longitudinal axis x.

The nut screw 16 engages the movable thrust element 18,32
that, pushed by the axial translation of the nut screw, gen-
erates a thrust on one of a pair of pads 20, which in turn
imparts a braking action on a brake disc (not shown).
According to an embodiment of this invention, the movable
thrust element is a cylindrical piston 18, hollow on the in-
side, that directly engages the pad 20 and pushes it against
the brake disc.

Conveniently, the screw 14 is supported by an axial bearing
22, and, in the inner jacket of the piston 18 is formed an
annular groove 24a (visible in Figure 4) to receive a Seeger

type ring 24.
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Figure 2 shows in more detail a recirculating ball type
screw, according to an embodiment of this invention. From
sald figure it is clear that the screw 14 and the nut screw
16 are coaxial with respect to the first longitudinal axis x,
in such a way that, to a rotation of the screw 14, there is a
corresponding translation of the nut screw 16, of a stroke
linked to the angular excursion of the screw. On a transverse
face of the nut screw 16, proximal to the area of contact
with the piston 18, are formed first coupling surfaces C, in
the example illustrated here having a concavity facing the
opposite face of the nut screw 16. Figure 3 shows how said
first coupling surfaces C are formed in a region radially pe-
ripheral of the nut screw 16, in the form of a flat and in-
flected pseudo-torus, possibly surmounted by two planar seg-
ments C'', corresponding to the remaining part of the trans-
verse face of the nut screw 16, which acts as a contact in-
terface with the piston 18.

Throughout this description and in the claims, terms and ex-
pressions indicating positions and orientations, such as
"longitudinal", "transverse", etc., refer to the first longi-
tudinal axis x.

As can be seen in Figure 4, the piston 18 has two inner cy-
lindrical cavities 18a, 18b, extending axially along a second
longitudinal axis y of the piston 18; the first cylindrical

cavity 18a, proximal with respect to the axial bearing 22, is
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configured so as to concentrically house the recirculating
ball screw 12, and in particular the nut screw 16. The second
axial cavity 18b houses the portion of the screw that extends
longitudinally beyond the nut screw 16.

The piston 18 1is internally shaped so as to present a second
coupling surface C', on which engages the corresponding first
coupling surface C, formed on the radially outer crown of the
nut screw 16. The two coupling surfaces C, C', when they come
in contact during the axial stroke of the nut screw 16, coop-
erate in a thrust relationship to impart a translatory move-
ment axial to the piston 18, which goes to push the pad 20 by
pressing on a transverse thrusting plane A.

According to a preferred embodiment of the invention, the ax-
ial cavities 18a, 18b, internal to the piston have different
radii R1, R2, the difference between said radii identifying
an annular projection of the second coupling surface C' on a
plane normal to the second longitudinal axis y. The condition
of difference in the thickness of the piston, linked to the
difference of the radii R1, R2 of the axial cavities 18b,
18b, it is preferred but not limiting, since it is possible
for example that the piston has two internal cavities with
the same radius, to whose interface is interposed an annular
septum having a radial thickness and axial extension equal to
the thickness and extension of the second contact surface C’.

As shown in Figures 1 and 6, the nut screw engages and pushes

_10_
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the piston through the coupling and contact between said
first and second coupling surface C, C' respectively associ-
ated to the nut screw 16 and the piston 18.

As previously mentioned, the stress to which the calliper 9
and, in particular, the calliper body 10, is subjected due to
the reaction that the brake disc exerts with respect to the
braking action of the brake pad 20, actuated by the piston
18, causes a deformation of the calliper body itself, pre-
dominantly a flexural deformation in a diametrical plane of
the piston (substantially, the plane in which are contained
Figures 1 and 6). The divarication of the calliper body 10
involves a rotation of a transverse reaction plane B of the
calliper body 10 about an axis substantially perpendicular to
the second longitudinal axis y of the piston 18. Such rota-
tion of the reaction plane B generates a similar upward rota-
tion of the screw 14, consequently generating a misalignment
according to an angle R (as can be seen in Figure 6), between
the first longitudinal axis x of the recirculating ball screw
and the second longitudinal axis y of the piston.

The coupling surfaces C,C' allow mutual misalignment between
the nut screw 16 and the piston 18, along the plane of pref-
erential deformation of the calliper body 10, but prevent mu-
tual rotation, about the second longitudinal axis y, of the
piston with respect to the nut screw 16. In this way, the

piston 18 can oscillate about a predetermined transverse axis

_11_
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k, substantially perpendicular to the first longitudinal axis
X, but is not rotatable about its second longitudinal axis vy.
According to an embodiment of the invention, a further rota-
tion of the piston around its own longitudinal axis y, with
respect to the calliper body 10, 1is prevented by contrast
means to the rotation 26,28, 1i.e., a contrast element (for
example a pin, or a spline, in a manner not shown), conven-
iently inserted in the calliper body according to an axis
normal to the longitudinal axis x, able to engage a recess or
axially elongated slot 28, formed in the outer thickness of
the piston 18. The slot may or may not be passing through the
radial thickness of the piston.

The pin 26 protrudes with one end into the slot 28, blocking
the rotation of the piston 18 when said piston is in a state
of incipient rotation about its longitudinal axis y; there-
fore, the axial slot, inside which protrudes the end of the
pin 26, will go 1in abutment against this end of said pin,
thereby impeding the rotation of the piston around its own
longitudinal axis. The conformation of said contrast means
26,28 can be reversed, so that the recess can be made in the
calliper body 10 and the contrast element be integral with
the piston 18.

Figures 7 and 8 show how the coupling surfaces can be defined
starting from the intersection of the nut screw 16 or, 1in a

manner not shown, of the piston 18, with a virtual solid 30,

_12_
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for example with a cylinder having a virtual axis z, oriented
according to an virtual angle & (visible in Figure 8) with
respect to the first longitudinal axis x of the screw 16.
Preferably, the virtual angle & is a right angle.

The cylinder has, according to an embodiment of the inven-
tion, a circular section having a radius R3, but it may have
any closed or open section (for example elliptical, para-
bolic, hyperbolic, polygonal etc.), provided that this sec-
tion ensures the relative anti-rotation between the nut screw
and the piston with respect to the y axis, but allows the
relative rotation between the piston-screw axes with respect
to an axis perpendicular to the plane of maximum deformation
of the calliper body.

Other geometric shapes of the wvirtual solid 30 are not ex-
cluded (for example, the toroidal shape), in which case the
virtual axis z can also vary with respect to the linear shape
(for example, the axis of the toroid is circular, but func-
tionally it could be elliptical, parabolic, etc.).

In one embodiment, the first coupling surfaces C are defin-
able as the portion of the outer surface of the virtual cyl-
inder 30 that intersects the nut screw 16. By varying the
section of the virtual cylinder 30, and/or the position (in
radial and/or longitudinal direction) and the orientation &
of said axis with respect to the nut screw 16, it is possible

to vary the concavity, shape and extension of said first con-

_13_



WO 2016/005867 PCT/IB2015/055019

tact surfaces C. For example, in a manner not illustrated, it
is possible to obtain a first coupling surface C that in-
cludes a pair of curved recesses having different radii of
curvature, by varying the angle & of intersection between the
virtual cylinder 30 and the nut screw 16; in a preferred em-
bodiment, in which the virtual angle & is 90°, the first cou-
pling surface is specular with respect to a diametral plane P
(shown in Figure 7), passing through the longitudinal axis x
and substantially coinciding with the plane of Figure 1. In
the case in which the angle & is not perpendicular to the
plane of greatest deformation of the calliper body, the com-
pensation effect of said deformation would decrease, becoming
zero when & was equal to 0° (i.e., if there was not an ar-
ticulated joint, but a rigid constraint with respect to the
plane of maximum deformation).

It is understood that the same reasoning can be made with re-
spect to the piston 18, if we consider for example the por-
tion of intersection between the side surface of the virtual
cylinder 30 and at least part of the radial thickness of the
piston 18.

Moreover, Figure 9 illustrates an alternative embodiment of
this invention, particularly suitable in the case in which
the piston 1is produced by machining with machine tools,
rather than by moulding (for example, in the case of small

production volumes). In this case, the movable thrust element

_14_
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18,32 is an insert 32 interposed at the interface between nut
screw 16 and piston 18, said insert 32 including annular ra-
dial profiles C''', C'Y respectively congruent with an annu-
lar housing seat CY, formed in the inner thickness of the
piston, and a transverse interface of the nut screw 16, on
which are formed the first coupling surfaces C.

Figure 10 illustrates, 1in particular, the coupling between
the insert 32 and the nut screw 16, where the insert 32 has
curvilinear profiles C'Y that engage the corresponding cou-
pling surfaces C formed in the thickness of the nut screw 16.
For the coupling between the complementary surfaces of nut
screw and insert the same considerations expressed are valid
for the coupling between the piston and the nut screw.
According to an embodiment of the invention, one or more flat
portions 32b (preferably a pair, as shown in this example)
allow rotationally solidifying the insert 32 to the piston
18, abutting against suitable seats formed in the inner
thickness of the piston 18. According to an alternative not
shown, the anti-rotation function between the insert 32 and
the piston 18 can be effected with a generic shape coupling
or any other type of coupling that can inhibit the relative
rotation (screwing, welding, gluing etc.).

Both in the case of a direct coupling between piston and nut
screw and in the case of a coupling mediated by the insert

32, 1t is not necessary that the coupling surfaces C, C' and

_15_
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C'Y be perfectly superposable, since it is sufficient that at
least part of the two surfaces is mutually congruent and/or
tangential and in reciprocal contact. In the case of congru-
ent profiles (and, consequently, coaxial, as in the case il-
lustrated here), the predetermined transverse axis of rota-
tion k will coincide with the common axis of the profiles.
Conversely, if the coupling surfaces (C, C''' and C') were
mutually tangent but with different radii of curvature, the
predetermined transverse axis k of rotation between the nut
screw 16 and the thrust element 18,32 would coincide with the
axis of tangency of the profiles of said coupling surfaces.
Moreover, it 1is possible to place the concave profile on the
nut screw, and the associated convex profile on the piston,
or vice versa (the same applies to the coupling between the
insert 32 and the nut screw 16).

In conclusion, the embodiments described here allow compen-
sating the misalignment @ between the piston and the recircu-
lating ball screw, at the same time preventing the reciprocal
rotation between the piston 18, nut screw 16 and calliper
body 10, thus preserving the predetermined correlation be-
tween the stroke of the piston and the rotation of the screw.
We have described various aspects and embodiments of an ac-
tuator for an electromechanical calliper according to the in-
vention. It is understood that each embodiment may be com-

bined with any other embodiment. Moreover, the invention is

_16_
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not limited to the embodiments described but may be wvaried

within the scope defined by the appended claims.
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CLATMS
1. An electromechanical brake calliper (9), comprising a
calliper body (10) and an electromechanical actuator (11) in-
cluding:
- a screw (14), rotatable about a longitudinal axis (x);
- a nut screw (16), rotationally coupled to said screw (14),
the nut screw (16) being movable along a direction parallel
to the longitudinal axis (x) of the screw (14);
- a movable thrust element (18, 32), comprising its own lon-
gitudinal axis (y) and axially Jjuxtaposed to the nut screw
(16), onto which movable thrust element (18, 32) said nut
screw (16) engages;
- a coupling interface between the nut screw (16) and the
movable thrust element (18, 32), comprising at least a first
coupling surface (C), obtained in the nut screw (16), and at
least a second coupling surface (C’, ctYy, obtained in the
movable thrust element (18, 32), said second surface (C’,
C') being at least in part coupled to the first surface (C)
and cooperating in a thrust relation with said first surface
(C)s
said actuator (11) being characterised in that:
one (C) of said coupling surfaces (C, C’, ¢ty is concave and
the other (C’, Cc') of said surfaces 1is convex, and engages
the concave coupling surface (C), the arrangement of said

surfaces (C, C’, C') being such that it allows a relative

_18_
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oscillation of the nut screw (16) with respect to the movable
thrust element (18, 32) about a single predetermined axis
(k), essentially transversal to the longitudinal axis (x) of
the screw (14);

and in that the relative rotation about the longitudinal axis
(y) between the nut screw (16) and the piston (18) is hin-
dered.

2. A brake calliper according to claim 1, wherein the first
and the second coupling surfaces (C, C’, C') are portions of
coaxial cylindrical surfaces, substantially complementary to
one another, the nut screw (16) and the movable thrust ele-
ment (18, 32) being shaped so as to allow a relative oscilla-
tion thereof about the axis common to said first and second
coupling surfaces (C, C’, CIV).

3. A brake calliper according to claim 1, wherein the first
and the second coupling surfaces (C, C’', CIV) include respec-
tive profiles mutually tangent substantially along said sin-
gle predetermined transversal axis (k) and longitudinally
spaced apart starting from their tangency region.

4., A brake calliper according to any one of the preceding
claims, wherein:

- said first and second coupling surfaces (C, C’, CIV) are
alternatively and respectively the interfacing surfaces be-
tween the nut screw (16) and the lateral surface of a virtual

solid (30), or between the movable thrust element (18, 32)

_19_
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and the lateral surface of the virtual solid (30);

- the wvirtual solid (30) comprises a virtual axis (z), in-
clined by a virtual angle (&) with respect to the longitudi-
nal axis (x) of the screw or to the longitudinal axis (y) of
the thrust element (18, 32); and

- the virtual solid (30) intersects at least in part the nut
screw (16) or the movable thrust element (18, 32).

5. A brake calliper according to claim 4, wherein the vir-
tual solid (30) is a cylinder.

6. A brake calliper according to claim 4 or 5, wherein the
virtual angle (&) is a 90° angle.

7. A Dbrake calliper according to any one of the preceding
claims, wherein the thrust element (18, 32) comprises a pis-
ton (18) and an insert (32) coaxial and mutually coupled by
means of annular radial profiles (C’'7, CV).

8. A Dbrake calliper according to claim 7, wherein the in-
sert (32) comprises at least one levelling (32b), which en-
gages a further profile of the piston (18), adapted to hinder
the relative rotation of the insert (32) with respect to the
piston (18) about the common axis (y).

9. A brake calliper according to any one of the preceding
claims, wherein between the movable thrust element (18) and
the calliper body (10) there are provided contrast means (26,
28) adapted to hinder a relative rotation thereof about the

longitudinal axis (y) of the movable thrust element (18).

_20_
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10. A brake calliper according to claim 9, wherein said con-
trast means (26, 28) comprise:

- an axially elongated recess (28) in the thrust element (18,
32); and

- a rotation contrast element (26), integral to the calliper
body (10), which projects at least partially in said recess

(28) .
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