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Description

[0001] The present invention relates to a diagnostic
method for an electric heater which is part of a heating
circuit of an appliance, preferably a domestic appliance,
and an appliance configured to carry out such method.
[0002] More in detail, the object of the present inven-
tion is a method for determining when an electric heater
installed into an appliance, preferably a domestic appli-
ance, needs to be replaced because its operational sta-
tus is deteriorated compared to its nominal working con-
ditions/behavior.

[0003] Inis generally known in the art that some appli-
ances, particularly for household installation (i.e. domes-
tic appliances such as a washing machine, a dishwasher,
a boiler, a water kettle, an oven), are equipped with at
least one electric heater. It is also generally known that
thanks to aging and oxidation processes, such heaters
deteriorates their performances during their lifetime.
Such reduced performances include the lost of electrical
insulation towards their supporting structure which caus-
es electric currentleakages from the component. In order
to protect users from electric shocks, national and inter-
national standards request the connection to
earth/ground of the supporting structure of the electric
heater. At a certain level of performance, the electric
heater needs to be replaced.

[0004] From EP-A-1266542 it is known a method ac-
cording to which the temperature of the heater can be
established though the measurement of leakage current.
However the detection of failures of the heater based on
leakage current are not therein considered, nor suggest-
ed.

[0005] From EP-A-0924331 itis known a safety circuit
for monitoring the electric potentials of a circuit for wash-
ing machine or a dishwasher, which includes a heater.
Potentials are monitored in order to verify whether the
switches through which the heater is supplied, are prop-
erly configured. However, the disclosure of this applica-
tion does not enable the specific diagnostic of the per-
formances of the heating element.

[0006] Aimofthe presentinvention isto furtherimprove
the methods known in the art which allows identifying a
decreased performance or a fault of the electric heater
and/or a missing or deteriorated electric connection of its
support structure to earth/ground. These results are
achievedthrough the steps as detailed in appended claim
1, alone, or in combination with the steps listed in the
dependent claims.

[0007] Furtherfeatures and advantages of the method
according to the present invention will become apparent
from the following non description of a preferred embod-
iment, meant as a not limiting example of the present
invention, described in combination with the appended
drawings, in which:

- Fig. 1 is a schematic diagram of a heating circuit
according prior art;
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- Fig. 2is an second schematic diagram of a heating
circuit according to prior art;

- Fig. 3Is athird schematic diagram of a heating circuit
in which a resistive path towards earth/ground can
be created through the water;

- Fig. 4 is aflow chart diagram describing the method
according to the present invention.

- Fig. 5is a flow chart diagram describing an alterna-
tive embodiment of the method according to the
present invention.

[0008] Itis here pointed out that consistent numbering
references in the above mentioned drawings are used
when describing the present invention.

[0009] In Fig. 1 it is described an example of heating
circuit for an appliance known in the art, for instance a
washing machine or a dishwasher through which the
method of the present invention can be carried out. The
heating circuit which is connected to the line L and netrual
N terminals of the power supply network PS and com-
prises a series connection of a heating switching contact
HRL and a heating element HE. The heating circuit op-
tionally comprises a second switch HRN and/or safety
switch.

[0010] As shown in Fig. 3 a household power plant,
the neutral terminal L of the power supply network can
be connected to ground/earth GND after the connection
of the appliance to the same network with a plug G. A
breaker B is also typically presentin the household power
plant.

[0011] In another embodiment (fig. 2) the heating cir-
cuits comprises a measuring resistor Rm branching-off
at the junction a between the heating switching contact
SW and the heating resistor HE. Possibly, the measuring
resistor Rm is connected to the inoperative side of the
safety switch SiS in which the heating circuit presents a
specific potential of the supply voltage at that junction in
the initial state (that is, when SW is open and the safety
switch SiS is in its initial position).

[0012] In apreferred embodiment the heating element
HE is a resistive heater, for instance a radiant tubular
heater, even though the method of the present invention
can be applied to any electric heater HE provided with
an electric insulation.

[0013] In a preferred configuration of the appliance,
the support of the heating element HE in said appliance
is electrically connected to earth/ground GND, through
an electric conductive path, together with the metallic
chassis of said appliance.

[0014] Preferably, the heating element HE can enter
in contact with water or, even more, being submerged
by the water as it may occur in washing machines or in
electric kettles, and through the water become connected
to ground.

[0015] The electric conductive path to earth/ground
GND potential can be also temporary, due to the pres-
ence of water inside the appliance, or created through a
water stream flowing into or out from said appliance.
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Flowing water and/or drained water can be generated
through automatic actuation of a hydraulic valve and/or
through the actuation of a pump.

[0016] The connection of the heating element to the
power supply network L1, N1 may be effected in known
manner via a logic circuit LC which controls the switch
SW, which determines the actuation of the heating ele-
ment HE, in a known manner.

[0017] The heating circuit further comprises a meas-
uring circuit LS (a monitoring circuit) for measuring the
electric parameters of the heating element HE. This
measuring circuit LS can be integrated with the logic cir-
cuit LC into a single electronic control unit (an ECU)
[0018] Moreover, the measuring circuit could present
at least one voltage divider and/or a filter for properly
conditioning the monitored signal(s) to be sampled.
[0019] One or more voltage dividers SP1, SP2, SP3
connected on one side to junctions a, b and ¢ and to the
other side to the measuring circuit LS, can be implement-
ed through impedance partitions, for instance through
resistors R3 and R4, as illustrated in the embodiment of
Fig.1. A filter can be implemented introducing additional
capacitors and/or inductors in the monitoring circuit (not
illustrated), or in a digital manner after the sampling proc-
ess.

[0020] Voltage dividers can be connected at one or
more terminals of the heating switching contact HRL,
HRN and optionally to the safety switch SiS.

[0021] When required, sampled signals are acquired
and processed by the measuring circuit LS. For instance
they are compared with prescribed conditions stored into
monitoring circuit (and/or into the control unit).

[0022] Depending on the status of the switches in the
heating circuit and from the status of the heating element
HE, voltages u1, u2 and u3 at the junctions change in
the heating circuit, particularly at junction of the heating
element HE.

[0023] As known in the art, prescribed potential condi-
tions can be stored in the control unit, and they corre-
spond to potential conditions which are correlated to the
correct switching states of the heating circuit (e.g. initial
position and operative state).

[0024] For the purposes of the present invention, the
monitoring circuit LS is configured to determine (through
a measurement) or to estimate any voltage linked with
the heating element HE and/or any current flowing
through the heating element H, including any leakage
current of the same heater HE dispersed towards
earth/ground GND, and/or the corresponding resistance
to earth/ground GND of the same heating element HE.
[0025] For these purposes the heating circuit can in-
clude, in addition or in an alternative to the above de-
scribed heating circuits, at least one shunt resistor (not
illustrated) connected in series to the heating element in
order to measure the current flowing through the heating
element HE. In a more expensive alternative manner, a
contactless Hall effect sensor (not illustrated) connected
to the measuring circuit can be used to measure the elec-
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tric current flowing through the heating element HE.
[0026] According to prior art, the safety of the heating
circuit is obtained without temperature limiters or ther-
mostats being used. Infact, if a fault occurs in the heating
circuit, e.g. a short circuit, a component disconnection,
a defective heating a switching contact and/or a defective
safety switching contact, then the monitoring circuit de-
tects a deviation from the permissible potential conditions
and issues a switch-off signal, which may be used to
switch-off the heating circuit or the machine. However,
the same monitoring circuit can be used for measuring
leakage currents and/or the resistance to ground/earth
of the heating element HE through the measurements of
voltages at least at one of its terminals.

[0027] According to the present invention the monitor-
ing of these potentials will allow to determine not even
when faults in the components of the heating circuit are
present (as known in the art), but more specifically it will
allow to establish whether the operating conditions of the
heating element are sufficiently deteriorated for requiring
the component to be replaced, even before to become
completely inoperative (faulty). Moreover the monitoring
of these potentials will further allow determining whether
the electric connection to earth/ground of the heating el-
ement HE is deteriorated or even missing.

[0028] It is here pointed out that even though the
present invention is described with reference to the re-
sistance to earth/ground GND of the heating element HE,
the measurement or the estimation of the leakage current
of the heating element HE has to be understood as an
equivalent measurement or estimation of said resistance
to earth/ground GND of the same heating element HE,
for the purposes of the present invention.

[0029] According to the method of the present inven-
tion in a first step the heating element HE is kept sub-
stantially stable at a first predetermined temperature T1.
Preferably, this first predetermined temperature T1 is the
ambient temperature, the temperature at which the heat-
ing element rests before to be operated. However, the
step of keeping said electric heater at a first predeter-
mined temperature T1 can also be achieved by operating
the heating element in a known manner in order to bring
it to a first stable controlled condition, i.e. a condition in
which its average temperature is substantially stable at
said first predetermined temperature T1 value.

[0030] In a second step a first resistance R1 to
ground/earth of said heater HE is determined or estimat-
ed in a known manner through the measuring circuit LS,
for instance as described in EP-A- 2353485 in regard to
Rg.

[0031] Itis here clarified that in any of the steps of de-
termining or estimating the resistance to earth/ground
R1 and/or R2 of the heating element HE which is linked
to the value of its insulation resistance, include the step
of sampling one or more voltage/current signals from said
heating element HE and the step of processing said one
or more voltage/current sampled signals.

[0032] During said steps the heating element HE can
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be electrically supplied by closing one or more switch
contacts (HRL, HRN, SiS) by the logic circuit LC and/or
of a control circuit, before determining or estimating said
resistance R1 and/or R2 to earth/ground GND.

[0033] In another embodiment (figure 3)an electric
leakage current from said heating element flows over the
water resistive path WP when determining or estimating
said first resistance R1 (=Rg+Rb in case of the water
creates aresistive path trough the support, or =Rb in the
case the resistive path is created directly through the
water and the resistive element) to earth/ground GND
and/or when determining or estimating said second re-
sistance R2 to earth/ground GND.

[0034] According to the present invention, in a follow-
ing third step, the first resistance to earth/ground R1 is
compared with afirst predetermined resistance threshold
THR1 in order to establish if that heating element HE is
deteriorated and/or if it has to be replaced.

[0035] More in detail, the resistance to ground of the
heating element HE is compared with arange of expected
values in order to establish the status of its insulating
properties. The first predetermined resistance threshold
THR1 is therefore in a range of values for which the in-
sulating resistance of the electric or electronic compo-
nent (HE) can be considered out of it operational speci-
fication, said insulating resistance being preferably in the
range from 1 Ohm to 10 GOhm, optimally in the range
from around 30 kOhm, up to more than 10 MOhm, and
more preferably around 70 kOhm.

[0036] The value of said first predetermined resistance
threshold THR1 determines the acceptable operating
conditions at said first predetermined temperature T1 be-
low which the heater should be replaced, and depends
on the technology of which the heater is made.

[0037] Certainly,ifthe value of the resistance to ground
R1 is lower than 300 kOhm, it could be assessed that
the heating element HE is in defected, for instance it is
in short circuit.

[0038] In an further fourth step, which can be alterna-
tive to said third step, said heating element HE is kept
substantially stable to a second predetermined temper-
ature T2, normally obtained by electrically operating the
heating element, for instance by varying its duty cycle in
a known manner. Preferably, the second predetermined
temperature value T2 of said heating element HE is sub-
stantially different from said first predetermined temper-
ature value T1 of said heating element HE in order to
vary the insulating properties of the heating element HE,
so that a significant variation of the resistance to
earth/ground is expected for the heating element HE.
Preferably the difference between the second predeter-
mined temperature T2 and the first predetermined tem-
perature is greater than 100 °C.

[0039] In a further fifth step following the third step, a
secondresistance R2 to earth/ground GND of said heater
HE is determined or estimated in a known manner
through the measuring circuit LS.

[0040] In a further sixth step, said second resistance
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R2 to earth/ground is compared to a second predeter-
mined threshold value THR2, in order to establish wheth-
er the operating conditions of the heating element HE
are deteriorated and/or if the heating element HE has to
be replaced.

[0041] More in detail, the resistance to ground of the
heating element HE, which is linked to the changes of its
insulation properties (the resistivity), varies with the tem-
perature of the heating element HE. For a heating ele-
ment HE in acceptable operating conditions (i.e. not pre-
senting deteriorations) the second resistance to
earth/ground R2 measured at higher temperature is ex-
pected to be lower than the first resistance to
earth/ground R1 of the same heater HE measured at
lower temperature. As a consequence, according to the
present invention the second predetermined resistance
threshold THR2 should be lower than said first predeter-
mined resistance threshold THR1 and is optimally in the
range between 100 kOhm and 1M Ohm, preferably about
300 kOhm.

[0042] The value of said second predetermined resist-
ance threshold THR2 determines the acceptable oper-
ating conditions at said second predetermined tempera-
ture T2 below which the heater should be replaced, and
depends on the technology of which the heater is made.
[0043] In a step alternative to the above sixth step, the
second resistance R2 to ground/earth is directly com-
pared with said first resistance R1 to ground/earth, in
order to establish whether the operating conditions of the
heating element HE are deteriorated and/or if the heating
element HE has to be replaced.

[0044] A more accurate control can be made by taking
into consideration the tolerances of the power supply volt-
age, as described in EP-A- 2353485.

[0045] Finally, according to the present invention the
appliance can be further provided with a user interface
for notifying the user in case of a fault of the heating
circuit, or in case of decreased performances of said
heating circuit, in particular of said heating element HE.
[0046] Ithasbeensodisclosed here a diagnostic meth-
od for an electric heater which is part of a heating circuit
of an appliance. According to the method, the reliability
of the heating circuit is further improved by evaluating
the operating conditions of the heating element HE.
[0047] Itisalsodisclosedhere anappliance, preferably
a domestic appliance specifically configured for carrying
out the method above described.

Claims

1. Diagnostic method for an electric heating element
(HE) of an appliance, preferably a domestic appli-
ance, provided with a logic unit (LC) for monitoring
said heating circuit, the heating element (HE) being
provided with a support connected to earth/ground
(GND) for dispersing leakage currents, the method
comprising the step of:
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- keeping the heating element (HE) substantially
stable at a first predetermined average temper-
ature value (T1);

- determining or estimating afirst resistance (R1)
of said heating element (HE) to ground/earth
(GND) at said first predetermined temperature
value (T1),

- characterised in that the method further com-
prises a step of comparing said determined or
estimated first resistance (R1) to earth/ground
(GND) with a first predetermined resistance
threshold (THR1) inorder to assess a decreased
performance or a fault in said heating element
(HE).

2. Method according to claim 1 further comprising the

steps of

- keeping the heating element (HE) substantially
stable at a second predetermined average tem-
perature value (T2), this step being additional or
alternative to the step of comparing said deter-
mined or estimated first resistance (R1) to
earth/ground (GND) with a first predetermined
resistance threshold (THR1),

- determining or estimating a second resistance
(R2) to earth/ground (GND) of said heating ele-
ment (HE) at said second predetermined tem-
perature value (T2),

- and also comprising the step of comparing said
second resistance (R2) to ground/earth to a sec-
ond predetermined resistance threshold (THR2)
in order to further in order to assess a defect or
a fault in said heating element (HE).

Method according to claim 1 further comprising the
steps of

- keeping the heating element (HE) substantially
stable at a second predetermined average tem-
perature value (T2), this step being alternative
to the step of comparing said determined or es-
timated first resistance (R1) to earth/ground
(GND) with a first predetermined resistance
threshold (THR1),

- determining or estimating a second resistance
(R2) to earth/ground (GND) of said heating ele-
ment (HE) at said second predetermined tem-
perature value (T2),

- and also comprising the step of comparing said
first resistance (R1) to earth/ground (GND) to
said second resistance (R2) to earth/ground
(GND), in order to further assess whether there
is a missing or deteriorated electrical connection
to earth/ground (GND) of the heating circuit
and/or of said appliance containing said heating
circuit.
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4.

10.

Method according to claim 1 or 2 wherein the step
of keeping the heating element (HE) substantially
stable at said first predetermined average tempera-
ture value (T1) or to said second predetermined av-
erage temperature value (T2) is achieved by electri-
cally operating the heating element (HE) in a con-
trolled manner by a logic circuit (LC).

Method according to any of the preceding claims in
which the step of determining or estimating said first
resistance (R1) to earth/ground (GND) or said sec-
ond resistance (R2) to earth/ground (GND) of said
heating element (HE), further include the step of
sampling one or more voltage/current signals from
said heating element (HE) and the step of processing
said one or more voltage/current sampled signals in
order to determine or to estimate an insulation re-
sistance of said electric or electronic component
(HE).

Method according to any of the preceding claims in
which said heating element (HE) is electrically sup-
plied by closing one or more switch contacts (HRL,
HRN, SiS) by a logic circuit (LC) and/or of a control
circuit before determining or estimating at least one
of said first resistance (R1) to earth/ground (GND)
or said second resistance (R2) to earth/ground
(GND), of said heating element (HE).

Method according to any of the preceding claims in
which said first predetermined resistance threshold
(THR1)isin arange of values for which the insulating
resistance of the electric or electronic component
(HE) can be considered out of it operational specifi-
cation, said insulating resistance being preferably in
the range from 1 Ohm to 10 GOhm, optimally in the
range from around 30 kOhm, up to more than 10
MOhm, and more preferably around 70 kOhm.

Method according to any of the preceding claims in
which said second predetermined resistance thresh-
old THR2 is lower than said first predetermined re-
sistance threshold THR1 and is optimally in the
range between 100 kOhm and 1M Ohm, preferably
about 300 kOhm.

Method according to any of the preceding claims
wherein said first predetermined temperature value
(T1) of said heating element (HE) is substantially dif-
ferent from said second predetermined temperature
value (T2) of said heating element (HE).

Method according to any of the preceding claims
wherein atemporary resistive path is created by flow-
ing a water stream into said appliance or by draining
water from said appliance, preferably through auto-
matic actuation of a hydraulic valve and/or through
the actuation of a pump, and through which electric
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leakage current flows when determining or estimat-
ing said first resistance (R1) to earth/ground (GND)
and/or said second resistance (R2) to earth/ground
(GND).

Method according to any of the preceding claims
wherein, when a failure or decreased performances
are detected, the appliance notifies it to a user with
a visual and/or with an acoustic signal.

Appliance, preferably a domestic appliance, provid-
ed with at least a heating circuit which comprises a
heating element (HE), the appliance being also pro-
vided with a monitoring circuit and/or a logic circuit
(LC) for the detection of a fault of said heating ele-
ment (HE) characterized in that the appliance is
configured to implement a method according to any
of the preceding claims.

Appliance according to claim 13 in which said appli-
ance is configured for having the heating element
(HE) in an electric conductive path to earth/ground
(GND) due to the presence of water in the appliance.

Appliance according to claim 13 or 14 further provid-
ed with a user interface for notifying the user in case
of a fault or in case of decreased performances of
said heating circuit, in particular of said heating ele-
ment (HE).

10

15

20

25

30

35

40

45

50

55

10



EP 3177 104 A1

4
fon
7
e eeeriae N ‘Lﬁ
A SR,
HRL — - L
- ]—J R1
L
ul —
R2

uz (A ]’Lt
R4 R5
-
o [
R6 N
ST =~
HRNN\N '——QL’:”W .
u3
7

DR S g sj i

Fig. 1 (prior Art)

o



EP 3177 104 A1

i HRL SP1
u1f¢ . bm
! R
{Rm U e
, ua
! Sp2 |i]R3 A
u2 ¢ . u
R € B
| uc
i W ¢
SP3 [|RS
.U3'r———l’l‘~*\ """"‘—3 b
esfomp
‘Sis

LS

Fig. 2 (prior art)




EP 3177 104 A1

o LC
PS LvS
Pl HRL Rs1 :
<
L - I/ — N uc
o T Rs2
N N J s
G A Rs3
] Q
| IHE
_ Rg
GND/EARTH T HRN
L —)
|
Rb H20
Fig.3
== GND/EARTH




EP 3177 104 A1

Heater HE at first
predetermined
Temperature T1

Determining or
Estimating R1

Heater
defected

Heater HE at second
predetermined
Temperature T2

Determining or
Estimating R2

'

Heater
defected or
deteriorated

Heater O.K

10



EP 3177 104 A1

Heater HE at first
predetermined
Temperature T1

Determining or
Estimating R1

A
Heater HE at second
predetermined
Temperature T2

Determining or
Estimating R2

l

Heater
defected or
deteriorated

Heater O.K

1"



10

15

20

25

30

35

40

45

50

55

Européisches
Patentamt
European
Patent Office
Office européen

des brevets

[

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

EP 3177 104 A1

Application Number

EP 15 19 7565

DOCUMENTS CONSIDERED TO BE RELEVANT

Category

Citation of document with indication, where appropriate,
of relevant passages

Relevant
to claim

CLASSIFICATION OF THE
APPLICATION (IPC)

A,D

EP 2 353 485 Al (WHIRLPOOL CO [US])

10 August 2011 (2011-08-10)

* claims 14,15; figure 2 *

WO 2014/155336 A2 (INDESIT CO SPA [IT])

2 October 2014 (2014-10-02)

* page 5, line 30 - page 7, line 14;
figure 1 *

EP 2 386 675 Al (ELECTROLUX HOME PROD CORP
[BE]) 16 November 2011 (2011-11-16)

* paragraph [0025] - paragraph [0026];
figure 2 *

WO 02/096155 Al (KONINKL PHILIPS
ELECTRONICS NV [NL]; VAN DER WOUDE RENE H
[NL]; DE HAA)

28 November 2002 (2002-11-28)

* claim 1; figure 1 *

EP 2 386 680 Al (ELECTROLUX HOME PROD CORP
[BE]) 16 November 2011 (2011-11-16)

1-14

1-14

1-14

1-14

1-14

INV.
HO5B1/02

TECHNICAL FIELDS
SEARCHED (IPC)

* paragraph [0021]; figure 2 * HO5B

The present search report has been drawn up for all claims

Place of search Date of completion of the search Examiner

Munich 4 May 2016 Gea Haupt, Martin

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document

12




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

EP 3177 104 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 15 19 7565

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.

The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

04-05-2016
Patent document Publication Patent family Publication

cited in search report date member(s) date

EP 2353485 Al 10-08-2011  NONE

WO 2014155336 A2 02-10-2014 EP 2999389 A2 30-03-2016
WO 2014155336 A2 02-10-2014

EP 2386675 Al 16-11-2011 AU 2011252275 Al 29-11-2012
CN 102959152 A 06-03-2013
EP 2386675 Al 16-11-2011
EP 2569476 Al 20-03-2013
RU 2012154068 A 20-06-2014
US 2013119047 Al 16-05-2013
WO 2011141290 Al 17-11-2011

WO 02096155 Al 28-11-2002  NONE

EP 2386680 Al 16-11-2011 AU 2011251975 Al 06-12-2012
CN 103003483 A 27-03-2013
EP 2386680 Al 16-11-2011
EP 2569477 Al 20-03-2013
RU 2012154060 A 20-06-2014
US 2013061488 Al 14-03-2013
WO 2011141555 Al 17-11-2011

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

13




EP 3 177 104 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

.« EP 1266542 A [0004] «  EP 2353485 A [0030] [0044]
«  EP 0924331 A [0005]

14



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

