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A control method of a [aundry machine comprising a water supply, washing and rinsing cycle, the control method includes first
determination step performed prior to the rinsing cycle and determining a kind of detergent, second determination step performed
during a first rinsing course of the rinsing cycle and determining an amount of remained detergent in a rinsing water, and condition
determination step of at least one following rinsing course based on the kind and amount of the remained detergent.
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ABSTRACT OF THE DISCLOSURE

A control method of a laundry machine comprising a water
supply, washing and rinsing cycle, the control method
includes first determination step performed prior to the
rinsing cycle and determining a kind of detergent, second
determination step performed during a first rinsing course of
the rinsing cycle and determining an amount of remained
detergent 1in a rinsing water, and condition determination
step of at least one following rinsing course based on the

kind and amount of the remained detergent.
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CONTROL METHOD OF LAUNDRY MACHINE

BACKGROUND OF THE DISCLOSURE

Field of the Disclosure

[0001] The present invention relates to a control method
of a laundry machine.
Discussion of the Related Art

[0002] | Laundry machines are typically electric appliances
capable of removing soil 1in laundry, for example, clothes,
cloth items, beddings and the 1like to c¢lean the laundry,
using physical and chemical action between detergent and
water supplied to a tub. Important elements to determilne
washing efficiency of such the laundry machines may be the
temperature of water and the amount of detergent.

[0003] However, according to a conventional laundry

machine, it 1s difficult to measure the amount of remailned

detergent in the laundry machine.

SUMMARY OF THE DISCLOSURE
[0004] The present invention is directed to a laundry

- machine.
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[0005] An object of some embodiments of the present invention is to provide a
control method of a laundry machine performing overall operation in an optimal
washing or rinsing pattern according to the amount of detergent dissolved in wash

water.

[0006] Additional advantages, objects, and features of the disclosure will be
set forth in part in the description which follows and in part will become apparent to
those having ordinary skill in the art upon examination of the following or may be
learned from practice of the invention. The objectives and other advantages of some
embodiments of the invention may be realized and attained by the structure
particularly pointed out in the written description and claims hereof as well as the

appended drawings.

According to an aspect of the present invention, there is provided a
control method of a laundry machine comprising a water supply cycle, a washing
cycle and a rinsing cycle, the control method comprising: first determination step
performed prior to the rinsing cycle and determining a kind of detergent; second
determination step performed during a first rinsing course of the rinsing cycle and
determining an amount of remained detergent in a rinsing water; and condition
determination step of at least one following rinsing course based on the kind and
amount of the remained detergent, wherein the number of the following rinsing
course is determined based on the calculated amount of remained detergent; wherein
the first determination step is performed during the washing cycle, and conductivity of
washing water is measured and the kind of detergent is determined based on the
measured conductivity, wherein the measured conductivity in the first determination
step is compensated based on the temperature of the washing water, and wherein
the second determination step comprises measuring conductivity of the rinsing water;
and calculating the amount of the remained detergent based on the measured

conductivity of the rinsing water.
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[0007] In one embodiment there is provided a control method of a laundry
machine comprising a water supply, washing and rinsing cycle, the control method
includes first determination step performed prior to the rinsing cycle and determining
the kind of detergent; second determination step performed during the rinsing cycle
and determining the amount of detergent; and rinsing condition determination step

determining at least one rinsing condition based on the kind and amount of detergent
determined in the first and second determination step.

2a
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{0008] The second determination step may be performed

F‘
p—

after a rinsing course of the rinsing cycle 1s performed one

time. The first determination step may be performed during
the washing cycle. Here, the first determination step may
measure conductivity of wash water and may determine the kind
of detergent based on the measured conductivity.

f0009] The first determination step may determine that
supplied detergent 1s powder deteréent 1n case the measured
conductivity is over a preset value and that supplied
detergent 1s liquid detergent in  case the measured

conductivity is below the preset value.

[0010] In case the first determination step determines

that the supplied detergent is powder detergent, the second

determination step may include measuring conductivity of wash
water; and calculating the amount of detergent based on the
measured conductivity of wash water.

[0011] The rinsing condition determination step may

determine the number of following rinsing courses based on

the measured amount of detergent.

[0012] Thee measured conductivity may be compensated
according to the temperature of wash water.
0013] The control method of the laundry machine according

to the present invention may further include conductivity

measuring step measuring conductivity of wash water
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containing no detergent to compensate the conductivity

according to hardness of wash water.
[0014] The conductivity measuring step measuring the

conductivity of wash water containing no detergent may

include measuring a first conductivity of wash water
containing no detergent during the water supply cycle;
measuring a second conductivity of wash water containing no
detergent during the 1last rinsing course of the rinsing
cycle; and storing an average value of the first and second
conductivity 1f difference between the first and second
conductivity 1s below a preset wvalue and deleting the
measured first and second conductivity and re-storing a
conductivity value stored prior 1f the difference is over the
preset value.

[OOLSi The conductivity measuring step measuring the
conductivity of wash water containing no detergent may
include meas‘uring a first conductivity of wash water
containing no detergent during the water supply cycle;
measuring a second conductivity of wash water containing no
detergent during the last rinsing course of the rinsing
cycle; and comparing the first conductivity and .the second
conductivity and storing a smaller one of . the two

conductivity values.
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[0016] It is to be understood that both the foregoing general

description and the following detailed description of embodiments of
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the present 1nvention are exemplary and explanatory and are

intended to provide further explanation of the 1nvention as

claimed.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017] The accompanying drawings, which are 1included to
provide a further understanding of the disclosure and are

incorporated in and constitute a part of this application,

1llustrate embodiment(s) of the disclosure and together with
the description serve to explain the principle of the
disclosure. In the drawings:

[0018] FIG. 1 1s a sectional view 1llustrating a laundry
machine a control method according to an exemplary embodiment
1s applicable to;

[0019] FIG. 2 1s a perspective view 1llustrating a

conductivity sensor provided in the laundry machine shown 1in

FIG. 1;

[0020] FIG. 3 1s a flow chart 1illustrating the control

method according to the exemplary embodiment of the present

invention;

)

[0021] FIG. 4 1s a graph 1illustrating changes o:

conductivity of wash water according to operation of the

laundry machine; and

[0022] FIG. 5 1s a flow chart 1llustrating a step of

determining the kind of detergent.
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DESCRIPTION OF SPECIFIC EMBODIMENTS

[0023] Reference will now Dbe made 1n detail to the

I

specific embodiments of the present 1nvention, examples of

which are illustrated in the accompanying drawings. Wherever

possible, the same reference numbers will be used throughout

the drawings to refer to the same or like parts.

[0024] In reference to the drawilings, a laundry machine

according to an exemplary embodiment will be described first

and the control method will be described 1n detail later.

[0025] FIG. 1 1s a sectional view 1illustrating a laundry

machine a control method according to an exemplary embodiment

1s applicable to.

[0026] Referring to FIG. 1, the laundry machine 1ncludes a
cabinet 10, a tub 120, a drum 130 and a conductivity sensor
200. The cabinet 10 defines an exterior appearance of the
laundry machine. The tub 120 1s provided 1n the cabinet 10
and water 1s accommodated 1n the tub 120. The drum 130 1is
rotatably provided within the tub 120. The conductivity

fr—

sensor 200 measures conductivity of water.

[0027] The cabinet 10 may 1include a body 111, a front
plate 112 and a top plate 113. The body 111 forms a side,

rear and bottom surface of the cabinet 110. The front plate

112 forms a front surface of the cabinet 10 and the top plate

gr—

113 1s coupled to a top of the body 111 to form a top cover
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of the body 111. An opening 1llZ2a 1s provided 1in the front
plate 112 forming the front of the cabinet 110. The laundry
may pe loaded via the opening 1l1lZ2a and a door 115 1is
rotatably coupled to the opening 112a to close the opening
112a.

[0028] A top of the tub 120 1s supported to the top of the

pr—

cabinet 110 by a hanging spring 121 and a bottom of the tub

120 1s supported by a damper 122.

[0029] A lifter 131 1s provided 1in an inner

circumferential surface of the drum 130 and the lifter 131
l1fts the laundry loaded into the drum 130 to a predetermined
position. A plurality of through holes 132 are formed in the

inner circumferential surface of the drum 130 and water 1is

drawn or discharged into or from the drum 130 via the through

holes 132.

[0030] A water supply hose, a water supply valve 141 and a
detergent supply device 142 may be provided beyond the tub
120. Water 1s supplied to the tub 120 from an external water
supply source via the water supply hose 140. The water supply
valve 141 1s provided 1n the water supply hose 140 to control

water flow. The detergent supply device 142 receives and

supplies detergent to the tub 120, together with the water
supplied via the water supply hose 140. A water drain hose

150 and a water drain pump 151 may be provided blow the tub
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120 to drain the water used in a washing and rinsing cycle

outside.

[0031] In the meanwhile, a motor 160 1s mounted 1n a rear

of the tub 120 and the motor 160 1s connected with the drum

130 through a rotational shaft 165 to rotate the drum 130.

[0032] A heater 125 and a temperature sensor (not shown)

are provided 1n a lower portion of the tub 120. The heater
125 heats water and the temperature sensor the temperature of
the water. The laundry machine turns on the heater 125
according to a user’s selection and 1t heats water.

[0033] As mentioned above, the laundry machine 1includes

the conductivity sensor for sensing conductivity of water and

1t will be described 1in detail as follows.

[0034] FIG. 2 1s a perspective view 1llustrating the

conductivity sensor.

[0035] Referring to FIGS. 1 and 2, the conductivity sensor

200 1ncludes two conductive pieces 210 and 220 spaced apart a

predetermined distance from each other to contact with water.

Once water 1s fulfilled between the two conductive pieces 210

and 220, conductivity of water may Dbe measured. The

conductlvity of water may 1nfluenced by i1ons dissolved in the

water. If detergent 1s dissolved 1n water, 1ions are formed
enough to 1ncrease conductivity of water. As hardness of

water 1ncreases, 1t can be determined that more ions are
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-

included in the water and thus the conductivity of the water

lncreases.

[0036] As follows, a control method of the laundry machine

having the above confiliguration will be described.

[0037] FIG. 3 1s a flow chart schematically 1llustrating

an operational flow of the laundry machilne.

[0038] In reference to FIG. 3, the control method of the
laundry machine includes a water supply cycle (S310), washing
cycle (S330), rinsing cycle (S350) and spinning cycle (S370).

[0039] However, a conventional rinsing cycle of the

conventional laundry machine 1s performed according to the

user’s selection, regardless of the amount of remained

detergent. As a result, 1n case small detergent 1s supplied,

rinsing course of the preset rinsing cycle would be performed

many times unnecessarlly and 1n case much detergent 1is

supplied, the rinsing course would be performed too little
times.

[0040] If the rinsing course 1s performed too many times

—

1n comparison to the amount of the remained detergent, much

water and electricity would be consumed and this could lead

to energy waste. In addition, 1f the rinsing course 1is

performed too little times 1in comparison to the amount of the

remalned detergent, an overall course of the laundry machine

finishes 1n a state of detergent remaining in the laundry and

thus the user would feel unsatisfied with the laundry machine.

10
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0041} Such the disadvantage may occur with respect to the

kind of the detergent as well as to the amount of the
remalned detergent. In case of using 1ligquid detergent 1n
comparison to powder detergent, the rinsing course 1S

requlired to be performed more times.

[0042] Thus, according to this embodiment of the control

'

method, the kind and the amount of remained detergent may be

sensed and at least one rinsing condition, for example, the
rinsing time or the number of rinsing courses may be
determined based on the result of the sensing. Once the
rinsing cycle finishes, remaining detergent 1n the laundry

may be prevented as much as possible.

[0043] In the meanwhile, according to the control method

of the present 1nvention, conductivity of water 1s measured

by the conductivity sensor mentioned above and the kind and

P

amount of remained detergent are determined based on the

sensed conductivity. Thils configuration will be described 1in

detal1l as follows.

[0044] FIG. 4 1s a graph schematically 1llustrating

changes of water conductivity during the operation of the

laundry machine. This graph shows the conductivity of water,

and conductivity of water in a spinning cycle is omitted.

[0045] First of all, changes of conductivity according to

the operation of the laundry machine will be described and

11
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the control method the present 1invention that uses the

changes of conductivity will be described later.

[0046] Re

| —

‘ferring to FIG. 4, water 1s supplied to the tub
120 in a water supply cycle and detergent starts to be
dissolved in the water simultaneously. As the time passes 1n
the water supply cycle, detergent 1s dissolved 1in water and

the conductivity of the water increases.

p—

[0047] Here, the 1increase of conductivity may be different

according to which detergent 1s supplied ligquid or powder.
Generally, particles of powder detergent (A) have large
ionization degree. When powder detergent 1s dissolved 1n

ﬁ

water, conductivity of water 1s substantially large.

[0048] Hence, 1n a washing cycle, the drum 130 rotates
selectively 1n a clockwise and counter-clockwise direction

only to detach foreign substances and soil in the laundry. At

)

this time, the conductivity 03 the washing water 1is
maintained to a predetermined level almost uniformly.

[0049] Once a rinsing cycle starts after the washing cycle,
the conductivity of the rinsing water decreases. This 1s

because detergent contained 1n the rinsing water 1s removed

during the rinsing course of the rinsing cycle.

[0050] In case the conductivity of water 1s changes during

the operation of the laundry machine, the control method

according to the present 1nvention 1ncludes a first

determination step, a second determination step and a

12
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condition determination step. In the first determination step,
the kind o©of detergent 1s determined. In the second
determination step, the amount of remalned detergent 1is

determined. In the condition determination step, at least one

rinsing condition of at least one following rinsing course 1s

P

determined based on the kind and amount of the remailined

detergent.
[0051] Here, the first determination step 1s performed

prior to the rinsing cycle and it 1is envisioned that the

first determination step is performed in the washing cycle.

[0052] Specifically, the first determination step senses
the conductivity of washing water to determine the kind of
detergent.

[0053] FIG. 5 1S a flow chart 1llustrating the

determination step determining the kind of detergent.

[0054] As mentioned above, powder detergent increases the

conductivity of washing water largely in comparison to liqguid

detergent. Thus, as shown 1in FIG. 5, the conductivity of

fr—

washing water 1s sensed 1in a predetermined period of the

washing cycle (S510) and the sensed conductivity 1s compared

with a predetermined value (S530). If the sensed conductivity

of the washing water 1is above the predetermined wvalue, it is

determined that powder detergent is supplied (S550). If the
sensed conductivity 1s below the predetermined value, it is

determined that liquid detergent is supplied (S570).
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[0055] The amount of remalned detergent 1s determined
after the kind of detergent 1s determined. In the second

determination step, conductivity of rinsing water during the

rinsing cycle 1s sensed. It 1s envisioned that  the

conductivity of rinsing water 1s sensed during a first
rinsing course.

[0056] More particularly, the conductivity of rinsing

water may be sensed at the end of the first rinsing course.
In other words, the conductivity of rinsing water may be
sensed right before the first rinsing course 1s finished.

Alternatively, the conductivity of rinsing water may be

sensed prior to the end of the first rinsing course with a
predetermined time period.

[0057] This 1s because detergent could be removed after at

least one time of the rinsing course regardless of a large or

small amount of detergent. In addition, the ratio of the
detergent removal may be changeable according to laundry

amount, water temperature and water amount 1n case the

rinsing course 1s performed one time. As a result, if the
amount of remained detergent of rinsing water is determined
during the first rinsing course, it 1s possible to determine

the amount of remained detergent precisely.

[0058] Specifically, the second determination step may

include measuring the conductivity of rinsing water and

calculating the amount of remained detergent based on the

14
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measured conductivity. Here, the amount of remalined detergent

may be determined by using data preset 1in a control part(not

shown). That 1s, 1nput data of amount of remained detergent

corresponding to various values of rinsing water conductivity,

LR

respectively, 1s preset 1n the control part. Then, a value of
the amount of remained detergent <corresponding to the
measured rinsing water conductivity 1s read and the amount of
remained detergent 1is calculated. Such the data may include
powder detergent data and liguid detergent data.

[0059] Hence, at least one rinsing condition 1s determined

based on the kind and amount of remained detergent. In case
of the determining the rinsing conditions, the control part

may determine a water level of the rinsing cycle, the

N

I

operation time of the rinsing cycle, the number of following
rinsing courses and the like. According to this embodiment,

the number of the following rinsing courses may be determined.

[0060] Thus, the number of the following rinsing courses

1s determined appropriately according to the amount of

)

remained detergent. That 1is, the more 1is the amount of

remained detergent, the more times the following rinsing

courses are performed.

[0061] According to this embodiment of the control method,

a third determination step may be further provided and it 1is
determined according to the conductivity of supplied water

whether the detergent i1s supplied.

15
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[0062] The third determination step may be performed
during the water supply cycle. Specifically, the control part

senses conductivity of supplied water for a predetermined

time period during the water supply cycle. If the

conductivity changes for the predetermined time period, 1t 1s
determined that detergent is contained in the supplied water.
If the conductivity does not change for the predetermined
time period, it is determined that no detergent 1s contained
in the supplied water. In case determining no detergent, the

control part may inform the user of no detergent by using a

| —_N

display part (not shown) or alarm sound. If the laundry
machine 1ncludes a non-detergent course, the non-detergent

course may be performed.

(0063] As mentioned above, the control method of the
present 1nvention determines the kind of detergent by sensing
the conductivity of washing water and the amount of remained

P

detergent by sensing the conductivity of rinsing water. At

this time, the conductivity of washing water and rinsing

water may have different wvalues according to the temperature

of washing water and rinsing water even wilith the i1dentical

kind and amount of detergent. To determine the kind and the
amount of remained detergent precisely, 1t 1s envisioned that
the conductivity of washing water and rinsing water 1s
compensated according to the temperature of washing water and

rinsing water. The step measuring the conductivity of washing

16
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water and rinsing water mentioned above may include

compensating the conductivity of washing water and rinsing

water according to the measured temperature of washing water
and rinsing water.

[0064] For example, the temperature sensor mentioned above
measures the temperature of washing water and rinsing water
and conductivity corresponding to the measured temperature 1is

compensated to a conductivity value corresponding to a

reference temperature. The above-mentioned temperature

compensating 1s performed by a data table that changes

conductivity value of measured temperature 1nto a
conductivity value of a reference temperature.

[0065] In addition, the conductivity of washing water and
rinsing water may be changeable according to hardness of
water supplied to the laundry machine. As mentioned above,
the higher 1s the hardness of supplied water, the more ions

are contained 1n the supplied water such that the

conductivity of water may increase. Because of that, it 1is
envisioned that the conductivity of washing water and rinsing
water 1s compensated according to the hardness of water

supplied to the laundry machine. For example, the hardness of
supplied water 1s measured by the conductivity sensor, and
the measured conductivity is compensated and changed into a

conductivity value corresponding to a reference hardness.

17
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Here, the hardness of supplilied water may be calculated based

on the measured conductivity value.
[0066] Specifically, in case the conductivity 1S
compensated according to the hardness of supplied water, it

is envisioned that conductivity of supplied water containing

no detergent is measured. The conductivity of supplied water
containing no detergent should be measured so as to calculate

conductivity of pure water.

1}

[0067] Here, the step measuring the conductivity of
supplied water containing no detergent 1ncludes measuring a

first conductivity of supplied water with no detergent 1in the

)

water supply cycle, measuring a second conductivity of

supplied water with no detergent 1n the rinsing cycle and

P

storing the conductivity of supplied water according to the

first and second conductivity.

[0068] The conductivity of supplied water with no

detergent would be measured one time and compensated. However,

F

the hardness of supplied water would changes according to the

time, because 1t takes one or two hours to complete the

F

operation of the 1laundry machine. As a result, the first

conductivity of supplied water with no detergent 1is sensed
primarily durling an 1initial period of the operation of the
laundry machine, that 1s, the water supply cycle. The second
conductivity of supplied water with no detergent 1is sensed

secondarily during a last period of the operation of the

18
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laundry machine, that 1is, the last rinsing course of rinsing

cycle. Hence, the conductivity may be compensated according

to the first and second conductivity. This will be described

1n detail as follows.

—
e

[0069] The first conductivity of supplied water with no

detergent may be sensed during the water supply cycle. If

water 1s supplied to a preliminary detergent space of the

detergent supply device 142 where no detergent 1is received,

only pure water 1s supplied to the tub 120 and the first

conductivity may be measured.

[0070] The second conductivity of supplied water with no
detergent may be sensed during the rinsing cycle. It 1is
envisioned that conductivity of water supplied to the tub 120
during the last rinsing course of the rinsing cycle 1is

measured. It 1s envisioned that this second conductivity

measurement may be performed right after water supply for the

last rinsing course. Therefore the conductivity of water
supplied for the rinsing course not mixed with detergent can
be measured.

[0071] After measuring the first and second conductivity

of the supplied water with no detergent, the laundry machine

compares the first conductivity with the second conductivity
and 1t stores a smaller one of the two conductivity values.
After storing the smaller one of the two values, the control

part compensates the measured conductivity based on the

19
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stored conductivity of supplied water with no detergent when
the laundry machine operates later.

[0072] There would be a kind of detergent that influences
the hardness of supplied water 1little. In this case, the
control part compares a difference between the first measured

conductivity and the second measured conductivity with a

)

preset value. If the conductivity difference 1s below the

I

preset value, the control part stores an average value of the

first and second conductivity. If the conductivity difference

1s over the preset wvalue, the measured first and second
conductivity 1s deleted and a conductivity value stored 1n
the control part before 1s re-used.

[0073] That 1is, 1f the difference between the first and

second conductivity 1s Dbelow the preset wvalue, 1t 1s

determined that the difference i1s trustworthy and the average

value of the first and second conductivity 1s stored. 1In

contrast, 1f the difference 1s over the preset wvalue, 1t 1is
determined that the difference 1s not trustworthy and the
measured values are deleted and the conductivity value stored
in the operation course performed prior is re-used.

[0074] The above control method of adjusting the rinsing
conditions of the rinsing cycle by the sensing the kind and
amount of remained detergent may be applicable variously. For

example, the above control method may be performed by default

20
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in a normal course of the laundry machine and 1t may be
performed in the other courses by the user’s selection.

[0075] It will be apparent to those skilled 1n the art
that various modifications and variations can be made 1n the
present 1nvention without departing from the spirit or scope
of the inventions. Thus, 1t 1s 1intended that the present

invention covers the modifications and wvariations of this

i

invention provided they come within the scope of the appended

claims and their eqguivalents.

21
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CLAIMS:

1. A control method of a laundry machine comprising a water supply cycle,
a washing cycle and a rinsing cycle, the control method comprising:

first determination step performed prior to the rinsing cycle and
5 determining a kind of detergent;

second determination step performed during a first rinsing course of the

rinsing cycle and determining an amount of remained detergent in a rinsing water;
and

condition determination step of at least one following rinsing course
10 based on the kind and amount of the remained detergent, wherein the number of the

following rinsing course is determined based on the calculated amount of remained
detergent;

wherein the first determination step is performed during the washing
cycle, and conductivity of washing water is measured and the kind of detergent is

15 determined based on the measured conductivity,

wherein the measured conductivity in the first determination step is

compensated based on the temperature of the washing water, and

wherein the second determination step comprises measuring
conductivity of the rinsing water; and calculating the amount of the remained

20 detergent based on the measured conductivity of the rinsing water.

2. The control method of claim 1, wherein the second determination step

is performed prior to an end of the first rinsing course with a predetermined time

period.
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3. The control method of claim 1, wherein, in the first determination step, it
is determined that the detergent is powder detergent in case the measured
conductivity is over a preset value and that the detergent is liquid detergent in case

the measured conductivity is below the preset value.

4. The control method of claim 1, wherein the measured conductivity Is

compensated based on the temperature of the rinsing water.
5. The control method of claim 4, further comprising:

conductivity measuring step measuring conductivity of supplied water
containing no detergent to compensate the conductivity of the rinsing water based on

hardness of the supplied water.

6. The control method of claim 5, wherein the conductivity measuring step

measuring the conductivity of the supplied water containing no detergent comprises,

measuring a first conductivity of the supplied water during the water

supply cycle;

measuring a second conductivity of the supplied water during a last

rinsing course of the rinsing cycle; and

storing an average value of the first and second conductivity it
difference between the first and second conductivity is below a preset value ,
alternatively deleting the measured first and second conductivity and re-using a

conductivity value stored prior if the difference is over the preset value.

7. The control method of claim 5, wherein the conductivity measuring step

measuring the conductivity of the supplied water COMPriISES,

measuring a first conductivity of the supplied water during the water

supply cycle;
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measuring a second conductivity of the supplied water during a last

rinsing course of the rinsing cycle; and

comparing the first conductivity and the second conductivity and storing

a smaller one of the two conductivity values.
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Fig. 5
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