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Description
FIELD OF THE INVENTION

[0001] The invention relates to the field of fluid pumps,
and more particularly to the field of solenoid piston
pumps.

[0002] The invention relates specifically to the field of
pumping an additive for a waste gas cleaning catalyst of
a vehicle internal combustion engine.

BACKGROUND OF THE INVENTION

[0003] Solenoid piston pumps generally comprise a
casing which houses a piston actuated in reciprocate dis-
placement thanks to a coil so as to successively suck
fluid from a tank and expel such fluid to an output.
[0004] New legislations which target the reduction of
pollutant emissions from motor vehicles lead to systems
for eliminating nitrogen oxides NO, from exhaust gases
of vehicles.

[0005] One of the technologies developed, known as
SCR for "Selective Catalytic Reduction", consists in in-
jecting into the fuel tank or inside the exhaust line, a so-
lution containing a precursor of ammonia (generally urea)
which chemically reduces the NO, to nitrogen. The SCR
technology relates particularly to diesel engines.

[0006] The vehicles are therefore provided with an ad-
ditive tank and means for pumping an injecting the pre-
cursor when needed.

[0007] However the aqueous urea solution generally
used for this purposes, made by a water/urea eutectic
containing 32,5 wt% of urea, is very corrosive.

[0008] Consequently for allowing fine dosing capability
in a corrosive environment known additive pumps are
often quite complex.

[0009] Moreover the aqueous urea solution used in
SCR freezes at-11°C.

[0010] Consequently on most of the urea injection sys-
tems, the hydraulic circuit from urea tank to the injector
on the exhaust must be drained to prevent from damage
duetourea freezing. Thisis usually ensured with complex
hydraulic architecture and additional electromagnetic
valve.

[0011] Additionally in most Urea injection systems, the
pressure regulation for the injector setting point is
achieved thanks to either the use of a passive pressure
regulator or a pressure sensor associated with dedicated
algorithm in embedded electronic device. This leads to
complex and expensive architectures with lower power
efficiency.

SUMMARY OF THE INVENTION

[0012] The present invention aims to solve the above
problems by providing a simple fluid pump than that pro-
posed according to the state of the art and with better
liability than the known pumps.
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[0013] For this purpose, the present invention relates
to a pump comprising a casing which houses a piston
actuated in reciprocate displacement thanks to a coil so
as to successively suck liquid from a tank and expel such
liquid to an output, in a pumping mode, characterized
in that said casing further includes on said output a valve
actuated by an auxiliary coil so as to selectively reverse
the way of fluid circulation into the casing.

[0014] Accordingto an advantageous embodimentthe
pump comprises a spring which urges said piston to-
wards a rest position corresponding to an expelling po-
sition so that the delivery pressure of the liquid corre-
sponds to the force exerted by the spring. Using a spring
adapted to reach high pressure allows high pressure of
delivery. Moreover adjusting the force of the spring allows
easy adjustment of the delivery pressure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Additional and other objects, features and ad-
vantages of the invention will become apparent from the
description set forth hereinafter when considered in con-
junction with the accompanying drawings, in which :

FIG 1isageneral overview of a solenoid piston pump
in accordance with the present invention;

FIG 2 is a schematic longitudinal sectional view of
the pump in accordance with the invention at the
beginning of a sucking step;

FIG 3 is a schematic longitudinal sectional view of
the pump in accordance with the invention at the
beginning of an expelling step;

FIG 4 is a schematic longitudinal sectional view of
the pump in accordance with the invention at the
beginning of a draining step; and

FIG 5 is a schematic longitudinal sectional view of
the pump in accordance with the invention in a sec-
ond time of the draining step.

DETAILED DESCRIPTION OF A PREFERRED EM-
BODIMENT OF THE INVENTION

[0016] The pump 10 in accordance with the present
invention which is illustrated in the enclosed figures
comprises :

- acasing 100, which houses

- apump module 200 including a piston 210 actuated
in reciprocate displacement thanks to a coil 250 so
as to successively suck liquid from a tank and expel
such liquid to an output, in a pumping mode, and

- avalve module 300 provided on said output and ac-
tuated by an auxiliary coil 350 so as to selectively
reverse the way of fluid circulation into the casing.

[0017] The above elements are centered on a longitu-
dinal axis O-O.
[0018] The valve module 300includes avalve core 310
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which bears two check valves 320 and 330. The state of
the two check valves 320, 330, respectively opened and
closed, is inverted depending of the position of the valve
core 310 under the control of the auxiliary coil 350. The
valve core 310 is biased towards a rest position by a
spring 312. The valve core 310 is translated along O-O
axis when auxiliary coil 350 is supplied.

[0019] The input of the pump is referenced 12. The
output of the pump is referenced 14. Said input 12 and
said output 14 are both provided with an external O-ring
13, 15 for establishing sealing in the system receiving
the pump.

[0020] The casing 100definesapumpingchamber 110
in which a part 212 of the piston 210 displaces along O-
O axis under control of the coil 250.

[0021] Said pumping chamber 110 is defined in a cen-
tral piece 116 which operates guiding of the piston 210
in its displacement in translation along the longitudinal
axis O-0 of the pump.

[0022] Circulation of liquid between input 12 and the
pumping chamber 110 is defined by a pumping channel
211 on the periphery of the piston 210, said pumping
channel leading to the pumping chamber 110 by way of
a transverse bore 112 provided in the guiding piece 116.
[0023] Piston 210 is urged by a spring 260 towards a
rest position illustrated on figure 2 wherein said part 212
of the piston is mainly inside the pumping chamber and
covers the bore 112.

[0024] In the rest position the piston 210 bears on an
O-ring 218 interposed between an axial end of the guiding
piece 116 and an enlarged head of the piston 210. Said
O-ring 218 dampers shocks of the piston 210 against the
guiding piece 116 under biasing by the spring 260.
[0025] When the piston 210 is displaced against the
force of the spring 260 in the state illustrated on figure 3
by supplying the control coil 250, displacement of the
part 212 induces a vacuum in the pumping chamber 110
and finally opens the bore 112 allowing sucking of liquid
from the input 12 into the pumping chamber 110 through
the pumping channel 211 and via the bore 112.

[0026] In the above operation the check valve 320 is
closed. Consequently the axial end of the pumping cham-
ber 110 opposite the input 112 and facing the valve mod-
ule 300 is closed.

[0027] When stopping the supplying of the coil 250,
the force of the spring 260 urges the piston 210 towards
the rest position, covering the bore 112 and expelling the
liquid from the pumping chamber 110 toward the output
14, via the checking valve 320 which is forced in open
position. Delivery of liquid is made through a delivery
channel 311 provided inside the valve core 310 and lead-
ing to the output 14.

[0028] The first check valve 320 comprises a shutter
322 biases towards a valve seat 324 along O-O axis by
a spring 326. Check valve 320 is on the side of the valve
module 300 adjacent the pumping chamber. Valve seat
324 corresponds to the axial end of the pumping chamber
110 opposite the input 112 and facing the valve module
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300.

[0029] The second check valve 330 comprises a shut-
ter 332 biases towards a valve seat 334 along O-O axis
by a spring 336. Check valve 330 is on the side of the
valve module 300 adjacent the output 14. In its closed
positionthe second check valve 330 closes the output 14.

[0030] Both springs 326 and 336 rest on the valve core
310.

[0031] When the auxiliary coil 350 is not supplied first
check valve 320 is closed while the second check valve
330 is open.

[0032] When the auxiliary coil 350 is supplied, dis-

placement of the valve core 310 changes the bearing
support of the springs 326 and 336 and consequently the
firstcheck valve 320is open while the second check valve
330 is closed.

[0033] Moreoverthe pump comprises an auxiliary pas-
sage 150 between the pumping channel 211 of the pump-
ing module 200 and the delivery channel 311 of the valve
module 300, said auxiliary passage 150 being controlled
by an auxiliary valve 151 comprising a ball shutter 152
biases towards a seat 154 by a spring 156 so that auxiliary
passage 150 opens when a high pressure is applied in
the delivery channel 311.

[0034] For draining fluid (liquid or air) in the reverse
direction, from the output 14 towards the input 12, the
auxiliary coil 350 is supplied so that the first valve 320 is
open while the second valve 330 is closed as illustrated
in figure 4.

[0035] When the piston 210 is displaced against the
force of the spring 260 in the state illustrated on figure 5
by supplying the control coil 250, displacement of the
part 212 induces a vacuum in the pumping chamber 110
and allowing sucking of fluid from the output 14 into the
pumping chamber 110 through the delivery channel 311
forcing the second check valve 330 in the open state.
[0036] When stopping the supplying of the coil 250,
the force of the spring 260 urges the piston 210 towards
the rest position, expelling the fluid from the pumping
chamber 110 toward the input 12, via the checking valve
320 which is in open position, the auxiliary passage 150
and the pumping channel 211.

[0037] The spring 260 is designed to work in a small
displacement range, such as a fixed system pressure is
achieved. The spring 260 bears on a calibrating support
262 which can be displaced initially during assembly
process on a part of the casing, for example in a central
bore 11 of the input 12, so as to adjust precisely the de-
livery pressure.

[0038] As illustrated on the figures, preferentially O-
rings 316 and 318 are facing respectively on each axial
end of the valve core 310 so as to damper shocks of the
valve core 310. Said O-rings 316 and 318 bear respec-
tively one on the central guiding piece 116 and the other
on the setback of the output 14.

[0039] The casing 100 comprises two cases 160 and
170 which receives respectively one the main coil 250
and the other the auxiliary coil 350. The two cases 160
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and 170 are mechanically linked by an intermediate
sheath 180. The intermediate sheath supports internally
the guiding piece 116. Input 12 is fitted in a central cham-
ber of the case 160 while output 14 is fitted in a central
chamber of the case 170.

[0040] Preferentially all the elements (input 14, piston
210, intermediate linking piece 180, valve core 310 and
output 14) operating to control the magnetic field gener-
ated by the coils 250, 350 and which are in contact with
the liquid, such as corrosive urea, are made from a mag-
netic material such as magnetic ferritic stainless steel.
Contrarily the shutters 322 and 332 and the guiding piece
116 are made from a non-magnetic stainless steel.
[0041] The pump in accordance with the present in-
vention allows precise dosing at high pressure with a
precise adjustment of the pressure.

Analytical studies (units are in USI if not saecified):

[0042] Spring dimensioning :

Let's call :

- K spring stiffeness

- LO: free length

- X0 : initial spring compression when "initiated"
by the coil

[0043] Piston data :

Let’s call :

- C: piston stroke
- D piston diameter
[0044] System needs :
- Q: minimum flow rate
- Pmax : maximum needed pressure
- f: Driving frequency of the pump (Hz)
- dP : maximum pressure variation among one piston
stroke (spring compression decrease of C mm)

[0045] If we note X, the piston displacement from max-
imum spring compression until end of stroke (x € [0;C])
[0046] The applied pressure to the fluid P(x) is :
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[0047]

[0048]
[0049]

Pmax = P(C): w ,
TT

4

The mean flow rate of the pump is :

7_[1)2
4

0-f-C-

Pmax and Q are imposed.
We will fix first the value of C (constraint due to

coil performance : C must not be too high in order to
minimize the air gap inside the electromagnetic field).

[0050]

[0051]

[0052]

Then we can calculate the piston diameter :

p=2]<
nfC

We deduce the maximal force on the spring

F,, =Lm
D

4

Two parameters remain to be calculated : Kand

Xp ; this can be done thanks to the equation system :

P
K-(X,+C)=F,, = >
4
C-K
dP=—> 39
4

7[1)2
4
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dP being the maximum pressure variation allowed on
one full stroke (typical objective 2% of Pmax)
[0053] We finally obtain :
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X, - c[”ﬂ - 1]
dP

_7'L'D2£
4 C

K

[0054] Application example :

If we consider :

- Pmax =5 bar

- Q=31/h
- dP=0.1bar
- C=1mm
- F=40Hz
[0055] We obtain :
D=5.15mm
Fmax =10.42 N
X0 =49 mm
K =208 N/mm
[0056] We can notice that the intitial compression of

the spring is quite high. A way to reduce it is to allow a
flow rate higher than the one specified and a higher pres-
sure variation.

[0057] Wecan, forinstance allow a maximum pressure
of 5.1 barand a maximum variation of pressure of 0.2 bar.
[0058] In this case, we obtain 24.5 mm of initial com-
pression and a spring stiffeness of 417 N/m.

[0059] Depending on the spring choice, we could also
allow an increase of the piston diameter, that would only
change the flow rate (increased) and the spring stiffeness
(increased).

[0060] The invention offers numerous advantages in
regard of the state of the art.

[0061] The big advantage of the present invention is
to propose in the same pump packaging, the integration
of two functions which are pressure regulation and re-
verse mode. This will create a really compact pumping
system by saving space and components.

[0062] While the invention has been shown and de-
scribes by referring to a preferred embodiment thereof,
it is to be understood that the invention is not limited to
the specific form of this embodiment and that many
changes and modifications may be made therein without
departing from the scope of the invention.

Claims

1. A pump comprising a casing (100) which houses a
piston (210) actuated in reciprocate displacement
thanks toa coil (250) so as to successively suck liquid
from a tank and expel such liquid to an output (14),
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in a pumping mode, characterized in that said cas-
ing (100) further includes on said output (14) a valve
module (300) actuated by an auxiliary coil (350) so
as to selectively reverse the way of fluid circulation
into the casing.

Pump according to claim 1 comprising a spring (260)
which urges said piston (210) towards a rest position
corresponding to an expelling position so that the
delivery pressure of the liquid corresponds to the
force exerted by the spring (260).

Pump according to claim 2 comprising a calibrating
support (262) bearing the spring (260) and which
can be displaced initially during assembly process
on a part of the casing (100) so as to adjust precisely
the delivery pressure.

Pump according to one of claims 1 to 3 wherein the
valve module (300) includes a valve core (310) which
bears two check valves (320, 330), the state of which
isinverted depending of the position of the valve core
(310) under the control of the auxiliary coil (350).

Pump according to claim 4 wherein each check valve
(320, 330) comprises a shutter (322, 332) biases to-
wards a valve seat (324, 334) by a spring (326, 336).

Pump according to one of claims 4 or 5 wherein one
of the two check valves (320) controls opening of a
pumping chamber (110) while the other of the two
check valves (330) control opening of the output (14).

Pump according to one of claims 1 to 6 wherein the
casing (100) defines a pumping chamber (110) in
whicha part (212) ofthe piston (210) displaces under
control of the auxiliary coil (250), and a pumping
channel on the periphery of the piston (210), said
pumping channel leading to the pumping chamber
(110) by way of a transverse bore (112) which is
covered by the part of the piston (210) in the rest
position and which is free and the displaced position
of said part of the piston (210).

Pump according to one of claims 1 to 7 wherein the
pump comprises an auxiliary passage (15) between
a pumping channel of the pumping module and a
delivery channel of the valve module (300), said aux-
iliary passage (150) being controlled by an auxiliary
valve (152, 154, 156) so that auxiliary passage (150)
opens when a high pressure is applied in the delivery
channel.

Pump according to one of claims 1 to 8 further com-
prising means, such as O-rings (218, 316, 318), for
damper effect on moving parts (210, 310) displaced
by the main coil (250) and/or the auxiliary coil (350).



9 EP 2 650 539 A1

10. Pump according to one of claims 1 to 9 wherein el-
ements (14, 210, 180, 310, 14) operating to control
the magnetic field generated by the coils (250, 350)
and which are in contact with the liquid, are made
from a magnetic material such as magnetic ferritic
stainless steel.
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