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Description
TECHNICAL FIELD

[0001] The presentinvention relatestoanew Selective
Catalytic Reduction dosing pump.

BACKGROUND OF THE INVENTION

[0002] Selective Catalytic Reduction (SCR) system is
standard equipment in most recent cars. A dosing pump
delivers a reagent in the exhaust pipe to chemically react
with the gases within an SCR catalyst and eliminate NOx
by up to 95%. From EP1878920 is known an in-line dos-
ing pump comprising an electromagnetic actuator that
actuates a pumping element. Different model of vehicles
demand different volume of reagent so, several pumps
have to be designed and manufactured as described in
EP1878920A1. Considering this variety along with the
lack of space available in a vehicle for such equipment
it becomes important to have a compact pump that can
be adapted to a plurality of needs.

SUMMARY OF THE INVENTION

[0003] Accordingly, itis an object of the presentinven-
tion to provide a dosing pump of a Selective Catalytic
Reduction system. The dosing pump delivers a reagent
comprises a pumping part having a body, provided with
a pumping element having a bore extending along a
pumping axis within which is arranged a piston member.
The volume of the bore beyond the piston defines a dos-
ing chamber where open an inletand an outlet controlled
by a valve, the piston reciprocally moves along said
pumping axis between a downward position wherein the
inlet is open letting the reagent fill the chamber and, a
upward position wherein the inlet is closed and the valve
open to let the reagent flow off the chamber. The pump
further comprises a piloted actuator having a plunger ar-
ranged to cooperate with the piston, the actuator com-
prising a coil and on the back end of the plunger is fixed
a magnetic armature, the plunger reciprocally moves
along a plunger axis angled relative to the piston axis.
More precisely, the plunger reciprocally moves along the
plunger axis between a backward position wherein the
piston is in the downward position, and an frontward po-
sition wherein the piston is at the upward position.
[0004] The pump further comprises afirst elastic mem-
ber permanently soliciting the plunger toward the back-
ward position and, a second elastic member permanently
soliciting the piston toward the downward position.
[0005] More precisely, the plunger axis and the pump-
ing axis intersect at a right angle.

[0006] Furthermore, the plunger and the piston have
complementary shaped cooperating extremities, ar-
ranged so a displacement of the plunger along the plung-
er axis generates a displacement of the piston along the
piston axis.
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[0007] The complementary shaped cooperating ex-
tremities, of the plunger and the piston are inclined sur-
faces that can be conical surfaces.

[0008] Furthermore, the pump may comprise a plural-
ity of pumping element radially arranged relative to the
plunger axis, the plunger cooperating with all the pistons.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The present invention is now described by way
of example with reference to the accompanying figures.

- Figure 1 is an axial section of a dosing pump as per
the invention set in a first position.

- Figure 2 is similar to figure 1 but set in a second
position.

- Figure 3 is a detail of figure 1.

- Figure4is atransversal section of the pump of figure
1.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0010] Inthe following description, similar elements will
be designated with the same reference numbers.
[0011] The following description will use a tri-orthogo-
nal direct coordinate system (X, Y, Z) as shown on figure
1, where X is the longitudinal or plunger axis, Y the trans-
versal axis and Z the vertical or pumping axis. For clarity
and concision purposes and to ease the description and
the understanding and, without any intention to limit the
scope of the invention, especially in regards of the nu-
merous possibilities of installation of the system in a ve-
hicle, words such as "right, left, top, bottom, upward,
downward" will be utilized and an orientation "backward
- frontward" will also serve the description in naming
backward the left of figure 1 and frontward the right of
the figure.

[0012] Selective Catalytic Reduction (SCR) system 10
delivers reagent R in the exhaust pipe to chemically react
with the exhaust gases within a SCR catalyst and elimi-
nate NOx by up to 95% from pipe emissions. The SCR
system 10 comprises a piloted dosing pump 12 which
embodiment is now described in reference to the figures.
[0013] From left to right of figure 1 the dosing pump 12
comprises arranged in a backward body 14 a piloted ac-
tuator 16 extending along the longitudinal axis X and a
pumping part 18 centrally arranged and extending along
the vertical axis Z and, in a frontward body 20 a delivering
part 22 represented on the right.

[0014] The backward body 14 comprises, described
from the right to the left of figure 1, a large radial disc-
flange 24 from which backwardly (toward the left of the
figure) extends a cylindrical portion 26 receiving the
pumping part 18 that will be described afterward. From
said cylindrical portion 26 extend an outer tubular cylin-
drical wall 28 and an inner tubular cylindrical wall 30.
Both cylindrical walls are longitudinally coaxial X and de-
fine in between them a large recess 32 in which is ar-
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ranged the coil 34 of the actuator 16. The inner cylinder
30 is provided with an axial bore 36 which backward ex-
tremity 38 opens in a backward recess 40 and which
frontward extremity 42 opens in a frontward recess 44.
In the bore 36 is slidably arranged a plunger 46 shaft
axially extending throughout the bore 36. On the back
end 48 (left end) of the plunger 46 is fixed a magnetic
armature 50 that has a disc-shape radially extending from
the plunger 46. The outer diameter of the magnetic ar-
mature 50 is the same as the outer diameter or the inner
cylindrical wall 30. The front end 52 (right end) of the
plunger 46 is fixed an endpiece 54 having a conical
shape. The endpiece 54 may integrally be formed with
the plunger as well as it may be made separate and as-
sembled afterward. On the figures the endpiece is shown
with two symmetric conical faces, a backward face 56
which radius radially expends and a frontward face 58
which radius diminishes in a pointy tip. In a first embod-
iment the frontward conical face is the only functional
face of the endpiece 54.

[0015] In an alternative embodiment both conical fac-
es, 56, 58, are made functional by increasing the longi-
tudinal travel of the plunger 46. This permits a first pump
event during the forward stroke of the plunger 46 and a
second pump event during the return stroke, so two pump
events while a single actuation event.

[0016] A longitudinal coil spring 59 arranged surround-
ing the plunger 46 is compressed between the bottom of
the backward recess 40 and the magnetic armature 50
in which is arranged a spring seat. The spring 59 perma-
nently solicits the plunger 46 toward the back, the left of
figure 1. A disc-shape back plug 60, also called outer
pole piece 60, is centrally holed 62 and is arranged and
fixed in abutment against the outer cylindrical wall 28.
The central hole 62 is just a little larger than the disc-
shape magnetic armature 50 so the plunger 46 may re-
ciprocally slide in the bore 36 without contacting the back
plug 60.

[0017] The flow path of the reagent R will be described
afterward but, as the reagent R goes near the coil 34,
two O-ring seals 64, visualized on figure 1, prevent any
liquid intrusion into the coil 34 and prevent mixing of re-
agent R and coolant pumped within outer housing, not
shown.

[0018] The pumping part 18 is now described and best
detailed on the magnified view of figure 3. It is arranged
in the cylindrical portion 26 of the backward body 14 and
it comprises several pumping elements 66, the embodi-
ment of figure 4 showing four identical pumping elements
66 but, as being identical just one will be described here
after, the element 66 above in figure 1.

[0019] The pumping element 66 comprises a cylindri-
cal hole 68 radially extending along the vertical axis Z
and, in the hole 68 is arranged a fixed sleeve 70. The
sleeve 70is provided with an axial Zbore 72 that upwardly
opens in a cylindrical upper chamber 74 of larger diam-
eter than the bore 72, the intersection area forming a
valve seat 76. The upper chamber 74 is itself closed by
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a plug 78 and, in the upper chamber 74 is arranged a
check valve 80 normally closed comprising a spring 82
soliciting a ball 84 against the valve seat 76. The bore
72 downwardly opens in a cylindrical recess 86 and, in
the bore 72 is slidably adjusted a cylindrical piston 88
that upward head 90 is flat and downward foot 92 radially
extends in a shoulder 94 followed by a pointy conical end
96. Another coil spring 98 arranged around the piston 88
is compressed in the recess 86 between the sleeve 70
and the shoulder 94 so permanently soliciting downward-
ly the piston 88. The free volume of the bore 72 that is
between the piston’s head 90 and the ball 84 forms a
dosing chamber 100.

[0020] In a preferred embodiment, the piston axis (Z)
and the plunger axis (X) intersect at right angle. In alter-
native embodiments, the axis may not intersect and then
may be angled at another angle than 90°.

[0021] The delivering part 22 is now described in ref-
erence to figure 1 taken from left to right. The frontward
body 20 comprises a disc flange wall 102 radially extend-
ing from the longitudinal axis X. Said flange 102 is bolted
in surface contact against the large disc-flange 24 of the
backward body 14. Another O-ring seal 104 is arranged
between the flanges 24, 102, to ensure perfect sealing.
From the flange 102 frontwardly extends a conical portion
106 ending into a cylindrical portion 108.

[0022] The flow path of the reagent R is now described
in reference to figure 1, from left to right of the figure.
[0023] The reagent R enters the dosing pump 12 via
the central hole 62 provided in the outer pole piece 60.
The regent R then flows around the magnetic armature
50, on which the spring 59 seats, and via through holes
operated in the magnetic armature 50 to get between the
inner cylindrical wall 30 and the coil 34. As said before,
thanks to the seals 64, the reagent R does not wet the
coil 34 or mix with surrounding coolant in contact with
outer walls 28. At the bottom of the large recess 32 the
reagent flows through a hole 110 longitudinally X extend-
ing through the wall and opening in the cylindrical radial
hole 68 of the pumping part 18. In this area the sleeve
70 is provided on its external surface with a first undercut
creating a first annular space 112 that is in fluid commu-
nication with the dosing chamber 100 via inlet channels
114. Said inlet channels 114 extend through the sleeve
70. As can be observed in the figures, the inlet channel
114 opens in the dosing chamber 100 just above the
piston’s head 90. From the dosing chamber 100, the re-
agent R can flow in the upper chamber 74 only when the
check valve 80 opens. From the upper chamber 74, the
reagent R can exit through outlet channels 116 that ra-
dially extend through the sleeve 70 and open in a second
undercut provided in the external surface of the sleeve
70 and forming a second annular space 118 surrounding
the sleeve 70. As visible on figure 1, the first undercut
112 and the second undercut 118 are separated and de-
limited by three outer surface section that are in circum-
ferential contact with the cylindrical hole 68 so, the rea-
gent R flowing in the first annular space 112 has no other
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choice than going into the inlet channel 114. From the
second annular space 118, the reagent R flows out via
through holes 120 longitudinally X extending through the
large disc flange 24. In the disc-flange wall 102 of the
frontward body 20, the reagent R gets into a gallery 122
from which departs a connecting channel 124 centrally
extending and focusing toward the longitudinal axis X.
As visible on the figure 1 and 2, said connecting channel
124 is formed in the conical portion 106 of the frontward
body 20 and it merges into a main delivery channel 126
that longitudinally X extends in the middle of the cylindri-
cal portion 108 of the frontward body 20 from which the
reagent R exits the dosing pump 12.

[0024] As said above the description is limited to one
pumping element 66, which in figure 1, is set on the top.
The description of the other elements 66 would just vary
in the axis orientation of each one, the transposition being
immediate, the description was not repeated.

[0025] The function of the dosing pump 12 is now de-
scribed in reference to figures 1, 2 and 3.

[0026] In figure 1 the coil 34 is not energized and the
plunger 46, pushed by the spring 59, is in a backward
position PB. The piston 88, pushed by the vertical spring
98, is in a downward position PD. The frontward conical
face 58 of the plunger 46 is in contact against the conical
end 96 of the piston 88. As mentioned above, the piston
88 being in the downward position PD, the inlet channel
114 is open and the reagent R fills the dosing chamber
100.

[0027] Infigure 2 the coil 34 is energized, the magnetic
armature 50 is axially X attracted with a force superior to
the force of the longitudinal spring 59 and the plunger 46
is longitudinally moved in a forward position PF. In doing
so the frontward conical face 58 of the plunger 46 up-
wardly pushes the conical end 96 of the piston 88 that
moves into an upward position PU. Similarly, the vertical
spring 98 is further compressed. In moving up the piston’s
head 90 closes the inlet channel 114 and the reagent R
trapped in the dosing chamber 100 is pressurized and it
pushes up the ball 84 obliging the check valve 80 to open.
The pressurized reagent R can flow around the ball 84
and find its way through the outlet channel 116 through
to the delivery channel 126.

[0028] As can be observed and understood, the vol-
ume of the dosing chamber 100 is fixed. As soon as the
piston 88 moves up, the inlet channel closes. Therefore
the volume of reagent R delivered is exactly the volume
contained in the dosing chamber 100.

[0029] Also, the upward movement of the piston is
linked to the cone-cone contact. Other slopped or spher-
ical shape may provide a similar transmission of force
between the plunger and the piston.

[0030] The conical profile at plunger tip can be adapted
to allow two pump events per axial plunger stroke 46, as
described earlier in the alternative embodiment, offering
a further variation to achieve higher dosed output for giv-
en electrical frequency input.

[0031] The preceding description focused on one
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pumping element 66. As visible on figure 4 the embodi-
ment comprises four pumping element66 arranged every
90°. A major advantage of this dosing pump 12 is that
within the same fixed volume delimited by the backward
and frontward bodies 14, 20, different numbers of pump-
ing elements 66 can be arranged. For instance dosing
pump 12 may have a single pumping element 66. Another
embodiment may have two elements 66, or three, or four
as presented on figure 4. More than four is also possible
depending on the quantity of reagent R needed.

Claims

1. Dosing Pump (12) of Selective Catalytic Reduction
system for delivering a reagent (R) in the exhaust
pipes to chemically react with the exhaust gases, the
dosing pump (12) comprising a pumping part (18)
having a body (14, 20) provided with a pumping el-
ement (66) having a bore (72) extending along a
pumping axis (Z) within which is arranged a piston
member (88), the volume of the bore (72) beyond
the piston (88) defining a dosing chamber (100)
where open an inlet (114) and an outlet (116) con-
trolled by a valve (80), the piston (88) reciprocally
moving along said pumping axis (Z) between a
downward position (PD) wherein the inlet (114) is
open letting the reagent (R) fill the chamber (100)
and, a upward position (PU) wherein the inlet (114)
is closed and the valve (80) open to let the reagent
(R) flow off the chamber (100), the pump (12) further
comprising a piloted actuator (16) having a plunger
(46) arranged to cooperate with the piston (88), the
actuator (16) comprising a coil (34) and on the back
end (48) of the plunger (46) is fixed a magnetic ar-
mature (50), characterized in that the plunger (46)
reciprocally moves along a plunger axis (X) angled
relative to the piston axis (Z)

2. Dosing pump (12) as set in the preceding claim
wherein the plunger (46) reciprocally moves along
the plunger axis (X) between a backward position
(PB) wherein the piston (88) is in the downward po-
sition (PD), and an frontward position (PF) wherein
the piston (88) is at the upward position (PU).

3. Dosing pump (12) as setin claim 2 further comprising
a first elastic member (59) permanently soliciting the
plunger (46) toward the backward position (PB) and,
a second elastic member (98) permanently soliciting
the piston (88) toward the downward position (PD).

4. Dosing pump (12) as set in the preceding claim
wherein the plunger axis (X) and the pumping axis
(2) intersect at a right angle.

5. Dosing pump (12) as set in any of the preceding
claims wherein the plunger (46) and the piston (88)
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have complementary shaped cooperating extremi-
ties (58, 96) arranged so a displacement of the plung-
er (46) along the plunger axis (X) generates a dis-
placement of the piston (88) along the piston axis (Z).

Dosing pump (12) as setin claim 5 wherein the com-
plementary shaped cooperating extremities (58, 96)
of the plunger (46) and the piston (88) are inclined
surfaces.

Dosing pump (12) as set in any of the claims 5 or 6
wherein the cooperating extremities (58, 96) of the
plunger (46) and of the piston (88) are conical sur-
faces.

Dosing pump (12) as set in any of the preceding
claims comprising a plurality of pumping element
(66) radially arranged relative to the plunger axis (X),
the plunger (46) cooperating with all the pistons (88).

Patentanspriiche

1.

Dosierpumpe (12) eines selektiven katalytischen
Reduktionssystems zum Liefern eines Reagens (R)
in die Abgasleitungen, um mit den Abgasen che-
misch zu reagieren, wobei die Dosierpumpe (12) ei-
nen Pumpteil (18) mit einem Koérper (14, 20) auf-
weist, der mit einem Pumpelement (66) mit einer sich
entlang einer Pumpachse (Z) erstreckenden Boh-
rung (72) versehenist, in der ein Kolbenelement (88)
angeordnetist, wobeidas Volumen der Bohrung (72)
jenseits des Kolbens (88) eine Dosierkammer (100)
definiert, wobei Offnen eines Einlasses (114) und
eines Auslasses (116) durch ein Ventil (80) gesteuert
wird, wobei sich der Kolben (88) entlang der Pum-
pachse (Z) hin- und herbewegt zwischen einer un-
teren Position (PD), in der der Einlass (114) offen ist
und das Reagens (R) die Kammer (100) fillt, und
einer oberen Position (PU), in der der Einlass (114)
geschlossen ist und das Ventil (80) offen ist, um das
Reagens (R) aus der Kammer (100) strdmen zu las-
sen, wobei die Pumpe (12) weiter einen pilotierten
Aktuator (16) hat mit einem StoRel (46), der ange-
ordnet ist zum Zusammenwirken mit dem Kolben
(88), wobei der Aktuator (16) eine Spule (34) auf-
weist und an dem hinteren Ende (48) des StéRels
(46) ein magnetischer Anker (50) befestigt ist, da-
durch gekennzeichnet, dass sich der StéRel (46)
entlang einer StéRelachse (X) hin- und herbewegt,
die relativ zu der Kolbenachse (Z) abgewinkelt ist.

Dosierpumpe (12) gemaR dem vorhergehenden An-
spruch, wobei sich der StoR3el (46) entlang der Sto-
Relachse (X) hin- und herbewegt zwischen einer hin-
teren Position (PB), in der der Kolben (88) in der
unteren Position (PD) ist, und einer vorderen Posi-
tion (PF), in der der Kolben (88) in der oberen Posi-
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tion (PU) ist.

3. Dosierpumpe (12) gemaR Anspruch 2, die weiter ein
erstes elastisches Element (59), das den StéRel (46)
permanent in Richtung der hinteren Position (PB)
beeinflusst, und ein zweites elastisches Element
(98) aufweist, das den Kolben (88) permanent in
Richtung der unteren Position (PD) beeinflusst.

4. Dosierpumpe (12) gemafR dem vorhergehenden An-
spruch, wobei sich die StoRelachse (X) und die Pum-
pachse (Z) in einem rechten Winkel schneiden.

5. Dosierpumpe (12) gemafR einem der vorhergehen-
den Anspriiche, wobei der St6Rel (46) und der Kol-
ben (88) komplementar geformte zusammenwirken-
de Enden (58, 96) haben, die so angeordnet sind,
dass eine Verschiebung des StéRels (46) entlang
der StéRelachse (X) eine Verschiebung des Kolbens
(88) entlang der Kolbenachse (Z) erzeugt.

6. Dosierpumpe (12) gemal Anspruch 5, wobei die
komplementar geformten zusammenwirkenden En-
den (58, 96) des StoRels (46) und des Kolbens (88)
geneigte Oberflachen sind.

7. Dosierpumpe (12) gemaR einem der Anspriiche 5
oder 6, wobei die zusammenwirkenden Enden (58,
96) des StoRels (46) und des Kolbens (88) konische
Oberflachen sind.

8. Dosierpumpe (12) gemaR einem der vorhergehen-
den Anspriiche, die eine Vielzahl von Pumpelemen-
ten (66) aufweist, die relativ zu der StéRelachse (X)
radial angeordnet sind, wobei der StéRel (46) mit
allen Kolben (88) zusammenwirkt.

Revendications

1. Pompe de dosage (12) d’'un systéeme de réduction
catalytique sélective afin de distribuer un réactif (R)
danslestubes d’échappement pour réagir chimique-
ment avec les gaz d’échappement, la pompe de do-
sage (12) comprenant une partie de pompage (18)
ayantun corps (14, 20) pourvu d’un élément de pom-
page (66) ayant un percage (72) s’étendant le long
d’'un axe de pompage (Z) a lintérieur duquel est
agencé un élément formant piston (88), le volume
de pergage (72) au-dela du piston (88) définissant
une chambre de dosage (100) dans laquelle
s’ouvrent une entrée (114) et une sortie (116) com-
mandées par une valve (80), le piston (88) se dépla-
ce en va-et-vient le long dudit axe de pompage (2)
entre une position descendue (PD) dans laquelle
I'entrée (114) est ouverte en laissant le réactif (R)
remplir la chambre (100), et une position montée
(PU) dans laquelle I'entrée (114) est fermée et la
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valve (80) est ouverte pour laisser le réactif (R)
s’écouler hors de la chambre (100), la pompe (12)
comprenant en outre un actionneur piloté (16) ayant
un plongeur (46) agencé pour coopérer avec le pis-
ton (88), I'actionneur (16) comprenant une bobine
(34), et une armature magnétique (50) est fixée sur
I'extrémité dorsale (48) du plongeur (46), caractéri-
sée en ce que le plongeur (46) se déplace en va-
et-vient le long d’'un axe de plongeur (X) formant un
angle par rapport a I'axe (Z) du piston.

Pompe de dosage (12) selon la revendication pré-
cédente, dans laquelle le plongeur (46) se déplace
en va-et-vient le long de I'axe de plongeur (X) entre
une position reculée (PB) dans laquelle le piston (88)
et dans la position descendue (PD) et une position
avanceée (PF) dans laquelle le piston (88) est a la
position montée (PU).

Pompe de dosage (12) selon la revendication 2,
comprenant en outre un premier élément élastique
(59) sollicitant en permanence le plongeur (46) vers
la position reculée (PB), et un second élément élas-
tique (98) sollicitant en permanence le piston (88)
vers la position descendue.

Pompe de dosage (12) selon la revendication pré-
cédente, dans laquelle I'axe de plongeur (X) et 'axe
de pompage (Z) se recoupent a angle droit.

Pompe de dosage (12) selon I'une quelconque des
revendications précédentes, dans laquelle le plon-
geur (46) et le piston (88) ont des extrémités coopé-
rantes (58, 96) de conformation complémentaire,
agenceé de telle fagon qu’un déplacement du plon-
geur (46) le long de I'axe de plongeur (X) génére un
déplacement du piston (88) le long de I'axe de piston

Q).

Pompe de dosage (12) selon la revendication 5,
dans laquelle les extrémités coopérantes (58, 96) de
conformation complémentaire du plongeur (46) et
du piston (88) sont des surfaces inclinées.

Pompe de dosage (12) selon I'une quelconque des
revendications 5 ou 6, dans laquelle les extrémités
coopérantes (58, 96) du plongeur (46) et du piston
(88) sont des surfaces coniques.

Pompe de dosage (12) selon I'une quelconque des
revendications précédentes, comprenant une plura-
lité d’éléments de pompage (66) agencés radiale-
ment par rapport a I'axe de plongeur (X), le plongeur
(46) coopérant avec tous les pistons (88).
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