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(54) Laundry washing machine with enhanced detergent activation

(57) A laundry washing machine comprises a wash-
ing tub (2) containing a rotatable drum (3), a detergent
compartment (5) in fluid communication with a liquid
source, a supply pipe for liquid and detergent to flow into
the tub (2), a recirculation circuit (10) for drawing liquid
from the bottom of the tub (2) and feed it back into said
drum (3), a control and monitoring unit (22) designed to
cause liquid and detergent to flow into the tub (2) and to
recirculate the mixture for a period of time T by rotating
said drum (3) at a speed V. The control and monitoring
unit (22) is designed to increase the rotation speed of the
drum (3) during the period of time T to a value sufficient
to cause the laundry to be at least partially wrung out for
a time t shorter than the time T, the control and monitoring
unit (17) actuating the recirculation circuit (10) during the
period t to spray the interior of the drum (3) with recircu-
lated liquid through a plurality of nozzles (11).
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Description

[0001] The present invention relates to a laundry wash-
ing machine with enhanced detergent activation.
[0002] As used herein, the term laundry washing ma-
chine is intended to designate any machine adapted to
perform washing operations on laundry, irrespective of
the possibility of also drying the washed laundry or not.
Therefore, in the present disclosure and annexed claims,
combination washer/dryer machines are also intended
to be covered by the definition of laundry washing ma-
chines.
[0003] The laundry washing machine of the present
invention is of the type that comprises a tub containing
a drum for receiving the laundry to be washed, which is
rotated about an axis of rotation, a detergent compart-
ment in fluid communication with a liquid source, a supply
pipe extending between the detergent compartment and
the tub, for a mixture of liquid and detergent to flow into
the tub, a recirculation circuit extending between a bot-
tom area of the tub and a plurality of delivery nozzles
facing into the drum to draw liquid from the bottom of the
tub and feed it back into the drum, a control and moni-
toring unit designed to cause a given amount of liquid
and detergent mixture to flow into the tub and to recircu-
late the mixture for a period of time T by rotating the drum
at a speed V.
[0004] In laundry washing machines, the operating cy-
cle is known to comprise a starting step of duration T, in
which a flow of detergent is created, one dose of such
detergent, in powder, granule or liquid form, being loaded
in the detergent compartment. A first, relatively small
amount of liquid, typically water, is fed to such compart-
ment, to cause the detergent dose to flow from the de-
tergent compartment to the tub of the machine.
[0005] Additional amounts of liquid will be later added
to the first amount of detergent-carrying liquid, according
to the laundry load in the machine, to ensure full disso-
lution of the detergent dose.
[0006] According to the prior art, the total amount of
liquid in the tub, in the preliminary step of the washing
cycle, also known as detergent activation step, does not
generally exceed 5 liters. Considering that the detergent
dose used with a conventional laundry load of 5 kg is
typically about 150 g, the concentration of detergent in
the liquid in this step of the cycle reaches 30 g/liter.
[0007] While liquid with detergent recirculation lasts an
adequately long time T, typically 10 or 12 minutes, with
the drum rotating at a speed V for laundry distribution in
the drum, also known as satellizing speed, typically rang-
ing from 75 revolutions/minutes to 120 revolutions/min-
utes, not all the parts of the laundry are reached by the
recirculated liquid with detergent. Since most of the re-
circulated liquid is retained by the laundry being wetted,
the amount of recirculated liquid is smaller and is increas-
ingly reduced as the cycle is being executed during the
time T, which will limit detergent distribution through the
laundry.

[0008] Due to the above, in the prior art, the detergent
would be distributed through the laundry mainly during
the next steps of the washing cycle.
[0009] Nevertheless, during these steps, an additional
amount of liquid is added to the initial amount, which in-
creases the total amount to about 15 liters, and decreas-
es detergent concentration from the initial 30 grams/liter
to about 10 grams/liter.
[0010] Detergent distribution on the laundry is complet-
ed at a concentration well below the concentration that
would be available initially, as detergent is being fed into
the tub, which will lead to a lower detergent effectiveness
on any spots on the laundry to be washed.
[0011] The present invention is based on the problem
of optimized utilization of detergent effectiveness on
laundry fabrics starting from the first step of the operating
cycle of the machine, i.e. when the detergent is dissolved
in its compartment in a relatively small amount of water
and is recirculated while its concentration in the liquid is
relatively higher than the concentration found in the later
washing steps of the machine.
[0012] This problem is solved as defined in one or more
of the annexed claims. The laundry washing machine
with enhanced detergent activation of the present inven-
tion will be now described in greater detail with reference
to the accompanying drawings, given by way of illustra-
tion and without limitation, in which:

- Figure 1 is a schematic view of the tub and drum of
a laundry washing machine of the present invention,
with its detergent compartment and the main hydrau-
lic connections for liquid recirculation;

- Figure 2 is a sectional view of a detail of the machine
of Figure 1, and

- Figure 3 is a further view of the detail of Figure 2.

[0013] Referring to the annexed figures, numeral 1
generally designates a laundry washing machine with
enhanced detergent activation of the present invention.
[0014] The machine 1 comprises a washing tub 2 con-
taining a drum 3 for holding the laundry to be washed,
which is designed to rotate about an axis of rotation X.
An electric motor 4 (schematically shown in the figures)
is operatively connected to the drum 3 to rotate it about
the axis X. The drum 3 is mounted to the frame 1a of the
machine in a conventional manner to be able to rotate at
various speeds and in various directions, as is peculiar
to a laundry washing machine. The drum 3 conventionally
has a cylindrical wall with through holes 3b and ribs 3c
for satellite-like motion and distribution of the laundry load
during drum rotation.
[0015] A detergent compartment 5, in which a dose of
detergent in powder, tablet or liquid form is loaded, is put
in fluid communication with a source of liquid, preferably
mains water, through a supply pipe 6. A supply pipe 7
extends between the detergent compartment 5 and the
tub 2 to feed a mixture of liquid and detergent to the tub 2.
[0016] The drum 3 and the tub 2 have respective open-
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ings 3a, 2a for introduction and removal of the laundry
into and from the machine. These openings 2a, 3a are
engaged by a door 8, which is pivotally joined to the frame
1a of the machine, to be opened and closed, thereby
opening and closing the openings 2a, 3a.
[0017] In order to ensure fluid tightness between the
door 8 and the tub 2, an elastic coupling 9 is constrained
between the structure 1a and the tub 2. The elastic cou-
pling (see Figure 2) operates between the door 8 and the
tub 2, such that when the door is closed it will sealingly
contact the elastic coupling 9. The elastic coupling 9 has
a series of loops, allowing it to fit the opening 2a of the
tub 2, thereby ensuring the required fluid tightness.
[0018] A recirculation circuit 10 extends between a bot-
tom area of the tub 2 and a plurality of delivery nozzles
11 facing into the drum 3, for drawing liquid from the
bottom of the tub 2 and reintroduce it into the drum 3.
[0019] The recirculation circuit 10 comprises a dis-
charge line 12 extending from the bottom area of the tub
2 to a liquid collecting tank 13 and a pump 14 in fluid
communication with the tank 13 for drawing the fluid
therefrom and conveying it into an inflow line 14 extend-
ing between the pump 14 and the delivery nozzles 11.
The recirculation pump 14 is further equipped with a filter
14a of conventional type for stopping any solid body (but-
tons, coins and the like) that flow out of the tub 2 and
prevent reintroduction thereof into the drum 3. A drain
pump 20 is put in fluid communication with the tank 13
and with a drain line 21. The recirculation pump 14 is
constantly flooded (due to its fluid connection with the
tank 13). The recirculation pump 14 and the drain pump
20 operate alternately, which means that they never op-
erate simultaneously. Particularly, when the recirculation
pump 13 operates to reintroduce fluid into the drum 3,
the drain pump 20 is idle, whereas when the drain pump
20 operates for fluid drainage, the recirculation pump 13
is idle. In the embodiment of Figure 1, for simplicity, the
recirculation pump 14 and the drain pump 20 are shown
as being integrated in a single body, but the two pumps
may form two distinct bodies.
[0020] The nozzles 11 are in such an arrangement that
the projection of the delivery directions E in a vertical
plane containing the axis of rotation X of the drum 3 are
inclined at an angle A ranging from 30° to 80°, preferably
from 40° to 60°, more preferably about 50° from the axis
of rotation X of the drum 3 (see Figure 2 that shows a
section of the elastic coupling on a plane that passes
through the center of the drum and one of the nozzles).
The projections of the delivery directions E on a plane
perpendicular to the axis of rotation X of the drum 3 (i.e.
the plane substantially containing the door 8) substan-
tially converge into a point placed in a central area of the
drum 3.
[0021] Thus, the nozzles 11 spray liquid to a central
and deep portion of the drum 3. It shall be noted that the
term delivery direction, related to nozzles is intended to
indicate the bisector of the angle of the nozzle jet. Such
jet has a spray angle ranging from 10 ° to 30°, preferably

about 20°.
[0022] Advantageously, the nozzles 11 are directly
formed in the elastic coupling 9. Particularly, the nozzles
11 are formed in a loop of the elastic coupling 9. The
nozzles 11 are arranged in two sets 11a of nozzles, each
comprising a plurality of nozzles 11. Preferably, each set
11a of nozzles 11 comprises four nozzles. The two sets
of nozzles are placed in symmetric positions with respect
to a vertical axis passing through the center of the drum
3. Particularly, each set 11a of nozzles 11 is placed on
the elastic coupling 9 at an angular distance B ranging
from 0° to 45°, preferably about 15°, from a horizontal
axis X1 passing through the elastic coupling 9 and con-
tained in a plane passing through the center of the drum
3 (see Figure 1). The two sets 11a of nozzles are placed
in the half of the elastic coupling 9 that faces the recircu-
lation pump 14.
[0023] In order to form a set 11a of nozzles, the elastic
coupling comprises an opening 16 that puts the inner
side of the elastic coupling 9, i.e. the part facing the in-
terior of the tub 2, in fluid communication with the outer
side of the elastic coupling 9, i.e. the side facing toward
the environment external to the tub 2. At the inner side
of the elastic coupling 9, a plurality of partitions 17 are
arranged in each opening 16, to form a plurality of chan-
nels 18 through which the recirculated fluid is fed into the
drum 3. The number of channels 18 is equal to the
number of nozzles 11, whereas the number of partitions
is equal to the number of channels less one (see Figure
3, showing a plan view of one portion of the elastic cou-
pling). A connecting sleeve 19 is provided, for each set
of nozzles, at the outer portion of the elastic coupling 9,
and is preferably integral with the elastic coupling 9. The
connecting sleeve 19 is engaged by the inflow line 15
such that the recirculation fluid flows through the elastic
coupling 9 and is delivered into the drum 3. The inflow
line 15 has a Y shape, and has an inlet connected to the
recirculation pump 14 and two outlets each connected
to a connecting sleeve 19 at the corresponding set of
nozzles.
[0024] In one embodiment of the invention, not shown,
a substantially curved manifold is provided, in fluid com-
munication with the recirculation circuit, the nozzles be-
ing arranged on such manifold. The manifold is joined at
least at one point to the elastic coupling 9 and conforms
with its profile. The manifold has the shape of a sector
of a circle and extends along the elastic coupling through
about 270°. The nozzles are arranged along the manifold
in nozzle sets.
[0025] The machine 1 further comprises a control and
monitoring unit 22 (as schematically shown in the an-
nexed figures), which is operatively connected to the re-
circulation pump 14, the drain pump 20 and the electric
motor 4 for controlled actuation thereof.
[0026] Particularly, the control unit 22 is designed to
feed a given amount of mixture of liquid and detergent
into the tub 2, and to recirculate the mixture for a period
of time T, by rotating the drum at a speed V, thereby
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carrying out a detergent distribution and actuation step,
during which the laundry is wetted. It shall be noted that,
after the time T, the control and monitoring unit 22 exe-
cutes a conventional washing cycle.
[0027] During the period of time T, a preliminary
amount of water, to about five liters, is caused to reach
the compartment 5 that contains the detergent dose to
dilute the latter to a concentration of about 30 g/liter.
[0028] During recirculation of liquid and detergent, the
drum 3 is rotated at the speed V, usually ranging from
75 revolutions/minute to 120 revolutions/minute, to allow
laundry distribution within the drum 3 and separation of
the pieces that form the laundry load to be washed.
[0029] By combining rotation of the drum 3 at the speed
B and recirculation, the liquid with detergent is distributed
over the laundry which is initially dry and absorbs it, there-
by reducing the amount of liquid available for recircula-
tion.
[0030] According to the invention, during distribution
and activation of the detergent, i.e. during the time T, the
control and monitoring unit 22 is designed to increase
the rotation speed of the drum 3 to a speed V1 > KV for
a time t shorter than the time T, where K is a multiplication
factor whose value is sufficient to cause the laundry to
be at least partially wrung out by centrifugal effect.
[0031] It shall be noted that the at least partial wringing
out of the laundry by centrifugal effect requires the drum
3 to rotate at such a speed as to allow at least a part of
liquid retained by the wetted laundry to be wrung out of it.
[0032] For this purpose, the multiplication factor K is a
number, not necessarily an integer, greater than 2. Pref-
erably, the rotation speed of the drum is higher than 300
revolutions/minute.
[0033] Furthermore, as mentioned above, during the
time T and particularly during the time t, the control unit
22 is designed to actuate the recirculation circuit 10 to
spray the interior of the drum 3, and hence the laundry,
with recirculated liquid through the plurality of delivery
nozzles 11.
[0034] The time t preferably ranges from 5 to 20 sec-
onds. Preferably, during the time T in which laundry wet-
ting recirculation and detergent distribution occur, the
drum 3 runs through a plurality of periods t1, t2, ...tn,
during which the rotation speed is increased to the speed
V1 and then dropped back to the speed V.
[0035] Also preferably, the steps through which the
drum speed is changed to the value V1 may be proximate
in time, and form a pair, or distant.
[0036] When they form a pair, the first step may be at
a speed V1 and the following step at a speed V2, the
speeds V1 and V2 being different although fulfilling the
condition of being both higher than the speed V multiplied
by the factor K greater than 2.
[0037] Particularly, the speed V2 of the succeeding ro-
tation step of the pair of steps may be lower than the
speed V1 of the preceding rotation step.
[0038] The high speed pulses imparted to the drum
during the detergent dissolution and liquid recirculation

step cause the laundry to be wrung out, although for a
limited time, thereby causing partial recovery of the re-
circulated liquid. Furthermore, such high speed pulses,
having a higher speed than conventional satellite-like dis-
tribution of laundry in the drum, cause a mechanical ac-
tion on the laundry load, that will more effectively sepa-
rate the pieces that form it, thereby exposing a larger
surface of the fabrics to the recirculated detergent.
[0039] The plurality of nozzles 11 allows highly uniform
and effective wetting of the laundry so arranged. Such
effect is maximized by the particular arrangement and
configuration of the nozzles 11.
[0040] Due to the combined effect of the plurality of
nozzles and the high speed pulses, the activity of the
detergent on the laundry in the tab is enhanced when its
concentration is higher than that of the later steps of the
washing cycle, thereby involving advantages in terms of
overall performance of the machine, including power sav-
ing performance.

Claims

1. A laundry washing machine with enhanced deter-
gent activation, a washing tub (2) containing a drum
(3) for receiving the laundry to be washed, which is
designed to be rotated about an axis of rotation (X),
a detergent compartment (5) in fluid communication
with a liquid source, a supply pipe (7) extending be-
tween said detergent compartment (5) and said tub
(2), for a mixture of liquid and detergent to flow into
the tub (2), a recirculation circuit (10) extending be-
tween a bottom area of the tub (2) and a plurality of
delivery nozzles (11) facing into said drum (3) to draw
liquid from the bottom of the tub (2) and feed it back
into said drum (3), a control and monitoring unit (22)
designed to cause a given amount of liquid and de-
tergent mixture to flow into said tub (2) and to recir-
culate said mixture for a period of time T by rotating
said drum (3) at a speed V, characterized in that
said monitoring and control unit (22) is designed to
increase the rotation speed of the drum (3) during
the period of time T to a speed V1 > KV for a time t
shorter than the time T, wherein K is a multiplication
factor, whose value is sufficient to cause the laundry
to be at least partially wrung out by centrifugal effect,
said control and monitoring unit (22) being designed
to actuate said recirculation circuit (10) during said
time t, to spray the interior of the drum (3) with recir-
culated liquid through the plurality of delivery nozzles
(11), said delivery nozzles being stationary relative
to said tub (2), and arranged along at least part of
the circumference of said drum (3) and have a plu-
rality of delivery directions (E) toward a central region
of the drum (3).

2. A machine as claimed in claim 1, wherein said mul-
tiplication factor K is a number, not necessarily an
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integer, greater than 2.

3. A machine as claimed in claim 1 or 2, wherein said
control and monitoring unit (17) is designed to actu-
ate at least a pair of increases of the rotation speed
of the drum (3) during the period of time T; the rotation
speed V1 > KV of the first speed increase being high-
er than the rotation speed V2 > KV of the second
speed increase.

4. A machine as claimed in any of claims 1 to 3, wherein
the rotation speed V1 is higher than 300 revolu-
tions/minute.

5. A machine as claimed in any preceding claim, where-
in the projection of the delivery directions of said noz-
zles (11) in a vertical plane containing the axis of
rotation X of the drum (3) are inclined at an angle A
ranging from 30° to 80°, preferably about 50° from
the axis of rotation X of the drum (3).

6. A machine as claimed in any preceding claim, where-
in said drum (3) and said tub (2) comprise respective
openings (3a, 2a) for the passage of laundry; said
openings (2a, 3a) being engaged by a door (8) for
opening and closing said openings; a fluid-tight elas-
tic coupling being placed between said door (8) and
the opening (2a) of said tub (2); said plurality of noz-
zles (11) being formed in said elastic coupling (9).

7. A machine as claimed in any preceding claim, where-
in said nozzles (11) are arranged in at least two sets
(11a) of nozzles; each set (11a) comprising a plural-
ity of nozzles (11).

8. A machine as claimed in claim 7, wherein the sets
(11a) of nozzles (11) are situated in symmetric loca-
tions with respect to a vertical axis passing through
the center of the drum (3); each set (11a) of nozzles
(11) being placed on the elastic coupling (9) at an
angular distance (B) ranging from 0° to 45°, prefer-
ably about 15°, from a horizontal axis (X1) passing
through the elastic coupling (9) and contained in a
plane passing through the center of the drum (3).

9. A machine as claimed in claim 7 or 8, wherein, at
each set (11a) of nozzles (11), said elastic coupling
(9) comprises an opening (16) that puts the side of
the elastic coupling 9 facing the interior of the tub (2)
in fluid communication with the side of the elastic
coupling facing toward the environment external to
the tub (2).

10. A machine as claimed in claim 9, wherein a plurality
of partitions (17) are arranged in each opening (16),
to form a plurality of channels (18) through which the
recirculated fluid is fed into the drum (3), the number
of channels (18) being equal to the number of noz-

zles (11).

11. A machine as claimed in claim 10, wherein the
number of partitions (17) is equal to the number of
channels (18) less one.

12. A machine as claimed in any claim from 1 to 11,
wherein said recirculation circuit (10) comprises a
discharge line (12) which extends from a bottom por-
tion of the tub (2) to a collecting tank (13), a recircu-
lation pump (14) in fluid communication with said
tank (13) and an inflow line (15) extending between
said recirculation pump (14) and said nozzles (11).

13. A machine as claimed in claims 7 and 12, wherein
the elastic coupling (9) comprises a connecting
sleeve (19) located at each set (11a) of nozzles; said
connecting sleeve (19) being engaged by said inflow
line (15) for the recirculated fluid to flow through the
elastic coupling (9) and be delivered to the interior
of the drum (3).
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