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(67)  The invention relates to a mechanical system
(1), comprising a tappet (10) including a body (11), a
support element (20) defining two bores (258) centered
on a first axis (X1), a pin (30) comprising two opposite
ends each adapted to be fitted in one of the two bores
(258), and a roller element (40) positioned between the
two bores (258) along the first axis (X1) and movable in
rotation relative to the pin (30) around the first axis (X1).

According to the invention, the support element (20) is
distinct from the body (11) and fixed thereto, and the sup-
port element (20) also comprises at least one antirotation
device (24) integrally formed thereto. The invention also
relates to an injection pump and a valve actuator com-
prising such a mechanical system (1). The invention also
relates to a manufacturing method.
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Description
TECHNICAL FIELD OF THE INVENTION

[0001] The invention concerns a mechanical system.
The invention also concerns an injection pump and a
valve actuator for a motor vehicle, by example for a gaso-
line engine car, each comprising such a mechanical sys-
tem. The invention also concerns a method for manufac-
turing such a mechanical system.

BACKGROUND OF THE INVENTION

[0002] Classically, a cam follower belonging to an in-
jection pump comprises at least a tappet, a roller and a
pin in bronze or steel. The roller and the pin are centered
on a transverse axis, while the tappet extends along a
longitudinal axis. The tappet is formed with two lateral
flanges, delimiting an intermediate gap between them
and each comprising a cylindrical bore, possibly beveled.
The roller is positioned in the intermediate gap, between
both flanges and bores. The pin is fitted in the two bores,
such that the roller is movable in rotation relative to the
pin around its axis. The pin might be then caulked, in
other words plastically deformed, on both opposite ends
to create a mechanical connection by press-fitin the tap-
pet bores.

[0003] When the cam follower is in service, the roller
collaborates with a cam synchronized with the internal
combustion engine camshaft. The rotation of the cam-
shaft leads to a periodic displacement of a piston of the
pump that rests against the tappet, to allow fuel to be
delivered. The tappet is movable back and forth along
the longitudinal axis.

[0004] In practice, the angular orientation of the cam
follower around its longitudinal axis induces the angular
orientation of the transverse axis, pin and roller relative
to this longitudinal axis. In case of incorrect orientation,
the collaboration between roller and cam is improper and
the roller rotation may be obstructed. In other words, an
incorrect orientation around the longitudinal axis would
cause malfunction of cam follower, injection pump and
motor.

[0005] Itis known to provide the cam follower with an
anti-rotation function by fixing an additional part to the
tappet. Documents WO-A-2010/048 968, US-B-7 210
437 and US-A-2008/190 237 describe examples of such
cam followers provided with an anti-rotation device. The
device slides in a guide of a bore surrounding the tappet,
thus ensuring correct orientation of the cam follower and
preventing its accidental rotation around its longitudinal
axis. However, that increases the number of subcompo-
nents of these cam followers. Their assembly is made
more complex and longer.

SUMMARY OF THE INVENTION

[0006] The aim of the invention is to provide an im-
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proved mechanical system, such as a cam follower, pro-
vided with an anti-rotation function.

[0007] To this end, the invention concerns a mechan-
ical system, comprising a tappet including a body, a sup-
port element defining two bores centered on a first axis,
a pin comprising two opposite ends each adapted to be
fitted in one of the two bores, and a roller element posi-
tioned between the two bores along the first axis and
movable in rotation relative to the pin around the first axis.
[0008] According to the invention, the support element
is distinctfrom the body and fixed thereto, and the support
element also comprises at least one antirotation device
integrally formed thereto.

[0009] Thanks totheinvention, the mechanical system
is provided with anti-rotation function and a pin support
function on the same part, without using an additional
part. Design of the mechanical system and its assembly
are simplified. Position of the antirotation device relative
to the pin axis and is more accurate. The antirotation
device prevents the support element from rotating in a
bore surrounding this support element, which is for ex-
ample the tappet of a cam follower.

[0010] According to further aspects of the invention
which are advantageous but not compulsory, such a me-
chanical system may incorporate one or several of the
following features:

- The support element is clamped inside the body.

- The support element is force-fitted inside the body.

- The support element is mounted with a play inside
the body, then fixed to the body, by example by
crimping, welding or soldering.

- The support element is fixed to the body by local
deformations of the body.

- The mechanical system comprises at least two anti-
rotation devices integrally formed with the support
element.

- The support element comprises at least one surface
resting against at least one surface of the body, such
that a load applied on the roller element is at least
partly transmitted via these surfaces from the sup-
port element to the body.

- The body is made of synthetic material, for example
of polyamide or polyether-ether-ketone.

- The body is made of metal, for example of steel.

- The support element is made of metal, for example
of steel, and stamped to form the antirotation device
and flanges including the bores.

- The mechanical system comprises a bearing inter-
posed between the pin and the roller element.

- The mechanical system constitutes a cam follower,
the tappet is movable along a translation axis per-
pendicular to the first axis and the roller element is
adapted to roll on an outer surface of a cam.

[0011] The invention also concerns an injection pump
for a motor vehicle, equipped with a mechanical system
as mentioned here-above.
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[0012] The invention also concerns a valve actuator
for a motor vehicle, equipped with a mechanical system
as mentioned here-above.

[0013] Theinvention also concerns a method for man-
ufacturing a mechanical system as mentioned here-
above, wherein the antirotation device is integrally
formed with the support element by stamping, then the
support element is fixed to the body by clamping, crimp-
ing, welding and/or soldering.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The invention will now be explained in corre-
spondence with the annexed figures, as an illustrative
example, without restricting the object of the invention.
In the annexed figures:

- Figure 1 is a side view of a mechanical system ac-
cording to the invention, of the cam follower type,
comprising a tappet, an insert and a roller;

- Figure 2 is a top view, along arrow Il of figure 1;

- Figures 3 and 4 are a sectional views, respectively
along line llI-1ll and along line V-1V of figure 2, show-
ing a pin and a bearing supporting the roller;

- Figure 5 is a perspective view showing the tappet
and the insert belonging to the mechanical system
of figures 1 to 4, without the pin, the bearing and the
roller;

- Figure 6 is a side view of the insert, along arrow VI
of figure 5;

- Figure 7isaperspective view, showing amechanical
system according to a second embodiment of the
invention; and

- Figure 8 is a sectional view similar to figure 4, show-
ing the mechanical system of figure 7.

DETAILED DESCRIPTION OF SOME EMBODIMENTS

[0015] The mechanical system 1 represented on fig-
ures 1 to 6 is of the cam follower type, adapted to equip
an injection pump for a motor vehicle, preferably for a
gasoline engine car, not shown.

[0016] The system 1 comprises a tappet 10, an insert
20, a pin 30, a roller 40 and a bearing 50. Pin 30, roller
40 and bearing 50 are centered on a transverse axis X1,
while tappet 10 is centered on a longitudinal axis Y1. Axis
X1 and Y1 are perpendicular. In the embodiment of fig-
ures 1 to 6, the bearing 50 consists of needles 52. Alter-
natively, it may consist of cylindrical rollers or a sliding
bushing.

[0017] Tappet 10 comprises a cylindrical body 11 cen-
tered on axis Y1 and extending between an upper edge
12 and a lower edge 13. Body 11 has a cylindrical outer
surface 14 and a cylindrical inner bore 15 delimiting a
cavity 16 inside tappet 10. This cavity 16 is adapted to
receive a plunger or a push rod, not shown, following
tappet 10 along axis Y1. This cavity 16 is also adapted
to receive insert 20. Tappet 10 is movable back and forth
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along axis Y1, in a non-represented bore belonging to
the injection pump or motor, with surface 14 sliding in
this bore. Tappet 10 can be made of synthetic material,
by example polyamide 6,6 (PA) or polyether-ether-ke-
tone (PEEK), or made of metal, by example steel. Mate-
rial of the tappet 10 is chosen resistant to oil and its ad-
ditives and temperature variations.

[0018] Insert 20 comprises a central core 21 and four
lateral tab 22, 23, 25 and 26 extending from central por-
tion 21 opposite axis Y1, then partly along a direction
parallel to axis Y1. Each tab 22, 23, 25 and 26 comprises
a curved portion, respectively 221, 231, 251 and 261,
extending from core 21 opposite axis Y1 then curved
from radial direction to upper direction; and an axial por-
tion, respectively 222,232,252 and 262, extending along
a direction parallel to axis Y1. Portions 222 and 223 are
curved around axis Y1 and adapted to rest against bore
15 of tappet 10. Portion 252 is a lateral flange comprising
a curved upper surface 253, two plane lower surfaces
254 and a cylindrical bore 258. Portion 262 is a lateral
flange comprising a curved upper surface 263, two plane
lower surfaces 264 and a cylindrical bore 268.

[0019] Insert 20 forms a support element for pin 30,
roller 40 and bearing 50. Specifically, bores 258 and 268
of insert 20 are adapted to receive pin 30, on which roller
40 and bearing 50 are mounted. When insert 20 is fixed
to tappet 10, the two lateral flanges 252 and 262 extend
parallel to axis Y1 in a bifurcated manner, on both side
of axis Y1, with surfaces 254 and 264 resting against
edge 12. The flanges 252 and 262 delimit between them
an intermediate gap 27. Both bores 258 and 268 extend
through flanges 252 and 262 along same axis X1 and
have the same diameter.

[0020] Moreover, according to the invention, an anti-
rotation device 24 is integrally formed with insert 20. De-
vice 24 is a pin protruding from tab 23 along a direction
parallel to an axis Z1 perpendicular to axes X1 and Y1.
Pin 24 has a curved portion 241 and a radial portion 242.
Portion 241 extends from tab 23 along axis Y1 then is
curved opposite axis Y1 along axis Z1. Portion 242 ex-
tends along axis Z1, opposite axis Y1. Portion 242 com-
prises two lateral faces 243 and upper and lower faces
244. When system 1 is operated, pin 24 and more pre-
cisely faces 243 cooperates with anon-represented guid-
ing groove, formed in the bore surrounding tappet 10.
Thus, pin 24 prevents tappet 10 from rotating in this bore
around axis Y1. Depending on configuration of the injec-
tion pump, lower and upper faces 244 of pin 24 may form
end stops adapted to abut against extremities of the guid-
ing groove or of another part.

[0021] Insert 20 is preferably made of metal, by exam-
ple steel such as XC75. Material of insert 20 is chosen
resistant to oil flow, temperature variations and mechan-
ical strains. Insert 20 is preferably formed by stamping.
In other words, elements 21 to 26 are delimited in a plane
metal sheet, and then formed by stamping. Holes 28 are
delimited between portions 221, 231, 251 and 261, in
order to save material and avoid cracks when insert 20
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is deformed by stamping. Insert 20 is clamped inside
body 11, preferably force-fitted. Alternatively, insert 20
is mounted inside body 11 with a play radially to axis Y1,
and then fixed to body 11, for instance by crimping, weld-
ing or soldering.

[0022] Pin 30 comprises a cylindrical surface 32 ex-
tending between two pin ends 35 and 36. In practice, pin
ends 35 and 36 are adapted to be caulked, respectively
in bores 258 and 268. Pin 30 is made of metal, such as
steel or bronze. If made of steel, pin 30 is preferably sub-
jected to heat treatment before the caulking step. More
precisely, pin ends 35 and 36 may be subjected to an
induction hardening step just before the caulking step.
[0023] Roller40 hasan outercylindrical surface 41 and
aninner cylindrical bore 42 centered on axis X1. Surface
41 is intended to bear against an outer surface of a non-
represented cam, synchronized with the internal com-
bustion engine camshaft. Surface 41 is preferably sub-
jected to heat treatment to increase its resistance to load
and/or wear.

[0024] Needle bearing 50 comprises a series of nee-
dles 52 extending parallel to axis X1 and distributed reg-
ularly around axis X1. Needles 52 are interposed be-
tween surface 32 of pin 30 and surface 42 of roller 40.
[0025] During the assembly of system 1, roller 40 and
rolling bearing 50 are positioned before pin 30 in the in-
termediate gap 27 between the two flanges 252 and 262.
Then pin 30 is inserted inside bores 258 and 268 of insert
20 and inside rolling bearing 50. Finally pin ends 35 and
36 are caulked in bores 258 and 268. At this stage, roller
40 is movable in rotation relative to pin 30 around axis
X1. Pin axis, roller axis and rolling bearing axis merge
with axis X1. Roller 40 is then adapted to roll, more pre-
cisely its surface 41 can roll, on an outer surface of the
non-represented cam.

[0026] In practice, the load applied on surface 41 of
roller 40 is transmitted to rolling bearing 50, then to pin
30, then to insert 20, then to tappet 10 and to the non-
represented plunger or push rod located inside cavity 16
of tappet 10. Core 21 of insert 20 rests in contact against
this part. The surfaces 254 and 264 restin contact against
the surface of edge 12, such that the load applied on the
roller 40 is at least partly transmitted via these surfaces
from the support element 20 to the body 11. However,
thanks to the invention, most of the load applied on roller
40 is received by insert 20 instead of tappet 10, then is
transmitted to the plunger or push rod. Tappet 10 slides
back and forth but bears few mechanical strains along
axis Y1.

[0027] According to the invention, insert 20 has three
different functions. Insert 20 forms a support element for
pin 30. Insert 20 comprises an antirotation device 24 in-
tegrally formed thereto. Insert 20 is in contact with the
plunger or pushrod located inside cavity 16 forload trans-
mission.

[0028] Figures 7 and 8 show a mechanical system 1
according to a second embodiment of the invention. Only
the differences with respect to the first embodiment are
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described hereafter.

[0029] Body 11 comprises local deformations 120 and
140 for fixing insert 20 to tappet 10. Deformations 120
are made after deformations 140. On the example of fig-
ures 7 and 8, body 11 includes five deformations 120
distributed on edge 12 and four deformation 140 regularly
distributed around axis Y1. Deformations 140 may be
made by punching outer surface 14 of body 11, thus in-
cluding a recess 141 formed on outer surface 14 and a
protrusion 142 formed on inner surface 15 toward axis
Y1. Portions 221, 231, 251 and 261 of insert 20 come in
bearing contact with protrusion 142 inside cavity 16, thus
preventing insert 20 to move inside cavity 16 toward edge
13. Deformations 140 can be made before or after mount-
ing insert 20 inside body 11. Deformations 120 are made
by punching material of edge 12 against insert 20 along
axis Y1, thus preventing insert 20 to move outside cavity
16 at edge 12. Thanks to deformations 120 and 140,
insert 20 is fixed to body 11 by crimping.

[0030] Other non-shown embodiments can be imple-
mented without leaving the scope of the invention. For
example, tappet 10, insert 20 and/or roller element 40
may have different configurations, by example depend-
ing on the intended application of system 1. According
to another example, number, shape and position of de-
vice(s) 24 may vary without leaving the scope of the in-
vention.

[0031] According to anon-shownembodiment, system
1 may constitute a rocker arm, wherein the support ele-
ment 10 is not a tappet and wherein the roller element
40 is secured to an arm and a tappet, for example acting
on a valve stem.

[0032] According to another non-shown embodiment,
system 1 comprises no rolling bearing 50, while pin 30
and roller 40 form together a plain bearing. Indeed, in
heavy duty applications such as in diesel truck engines,
there is a lack of space and/or excessive loads involved
for the implementation of the rolling bearing 50, thus jus-
tifying the use of a plain bearing. Alternatively, bearing
50 may be replaced by a bushing.

[0033] According to another non-shown embodiment,
system 1 comprises two antirotation devices 24. By ex-
ample, both antirotation devices 24 may be formed on
tab 23 and be aligned parallel to axis Y1, so that they
can be positioned in the same groove formed in bore
surrounding tappet 10. Alternatively, the two antirotation
devices 24 may be diametrically opposed relative to axis
Y1, with a first device formed on tab 23 and a second
device formed on tab 24.

[0034] Whatever the embodiment, system 1 is such
that the support element 20 is distinct from the body 11
and fixed thereto. Moreover, the support element 20 com-
prises at least one antirotation device 24 integrally
formed thereto. This antirotation device 24 is adapted to
fit and slide in a groove surrounding the body 11.
[0035] In addition, technical features of the different
embodiments can be, in whole or part, combined with
each other. Thus, the mechanical system 1 and its man-
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ufacturing method can be adapted to the specific require-
ments of the application.

Claims

1.

A mechanical system (1), comprising:

- a tappet (10) including a body (11),

- asupport element (20) defining two bores (258,
268) centered on a first axis (X1),

- a pin (30) comprising two opposite ends (35,
36) each adapted to be fitted in one of the two
bores (258, 268), and

- a roller element (40) positioned between the
two bores (258, 268) along the first axis (X1) and
movable in rotation relative to the pin (30)
around the first axis (X1), wherein the support
element (20) is distinct from the body (11) and
fixed thereto, and wherein the support element
(20) also comprises at least one antirotation de-
vice (24) integrally formed thereto.

The mechanical system (1) according to claim 1,
wherein the support element (20) is clamped inside
the body (11).

The mechanical system (1) according to claim 2,
wherein the support element (20) is force-fitted in-
side the body (11).

The mechanical system (1) according to claim 1,
wherein the support element (20) is mounted with a
play inside the body (11), then fixed to the body (11),
by example by crimping, welding or soldering.

The mechanical system (1) according to claim 4,
wherein the support element (20) is fixed to the body
(11) by local deformations (120 ; 140) of the body

(11).

The mechanical system (1) according to any one of
the previous claims, comprising at least two antiro-
tation devices (24) integrally formed with the support
element (20).

The mechanical system (1) according to any one of
the previous claims, wherein the support element
(20) comprises at least one surface (254, 264 ; 221,
231, 251, 261) resting against at least one surface
(12 ; 142) of the body (11), such that a load applied
ontheroller element (40)is at least partly transmitted
via these surfaces (12, 254, 264 ; 142, 221, 231,
251, 261) from the support element (20) to the body

(11).

The mechanical system (1) according to any one of
the previous claims 1 to 7, wherein the body (11) is

10

15

20

25

30

35

40

45

50

55

10.

1.

12.

13.

14.

15.

made of synthetic material, for example of polyamide
or polyether-ether-ketone.

The mechanical system (1) according to any one of
the previous claims 1 to 7, wherein the body (11) is
made of metal, for example of steel.

The mechanical system (1) according to any one of
the previous claims, wherein the support element
(20) is made of metal, for example of steel, and
stamped to form the antirotation device (24) and
flanges (252, 262) including the bores (258, 268).

The mechanical system (1) according to any one of
the previous claims, comprising a bearing (50) inter-
posed between the pin (30) and the roller element
(40).

The mechanical system (1) according to any one of
the previous claims, wherein it constitutes a cam fol-
lower, wherein the tappet (10) is movable along a
translation axis (Y1) perpendicular to the first axis
(X1) and wherein the roller element (40) is adapted
to roll on an outer surface of a cam.

Aninjection pump for a motor vehicle, wherein it com-
prises a mechanical system (1) according to any one
of claims 1 to 12.

A valve actuator for a motor vehicle, wherein it com-
prises a mechanical system (1) according to any one
of claims 1 to 12.

Method for manufacturing a mechanical system (1)
according to any one of claims 1 to 12, wherein the
antirotation device (24) is integrally formed with the
support element (20) by stamping, then the support
element (20) is fixed to the body (11) by clamping,
crimping, welding and/or soldering.
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