
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

29
0 

55
8

A
1

TEPZZ¥ 9Z558A_T
(11) EP 3 290 558 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication: 
07.03.2018 Bulletin 2018/10

(21) Application number: 16785784.6

(22) Date of filing: 28.03.2016

(51) Int Cl.:
D06F 33/02 (2006.01)

(86) International application number: 
PCT/CN2016/077510

(87) International publication number: 
WO 2016/173353 (03.11.2016 Gazette 2016/44)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
MA MD

(30) Priority: 28.04.2015 CN 201510209110

(71) Applicant: Qingdao Haier Washing Machine Co., 
Ltd.
Qingdao, Shandong 266101 (CN)

(72) Inventors:  
• YANG, Lin

Qingdao
Shandong 266101 (CN)

• CHEN, Yu
Qingdaob
Shandong 266101 (CN)

• XUE, Kai
Qingdao
Shandong 266101 (CN)

• FANG, Dafeng
Qingdao
Shandong 266101 (CN)

• YU, Liangliang
Qingdao
Shandong 266101 (CN)

(74) Representative: Peters, Sebastian Martinus
Octrooibureau Vriesendorp & Gaade B.V. 
Koninginnegracht 19
2514 AB Den Haag (NL)

(54) WASHING MACHINE FAILURE DETECTION AND PROCESSING METHOD

(57) Disclosed is a washing machine failure detec-
tion and processing method, comprising the following
steps: a PC pointer detection step: respectively detecting
various processes of a washing machine; respectively
detecting whether a current value of a logical register is
the same as an assigned value after the running of var-
ious subroutines is ended, and if the current value is dif-
ferent from the assigned value, a PC pointer error occurs,
and keeping a record of a current failure occurring in
which running process of the washing machine according
to the assigned value; and when the PC pointer error
occurs , delaying t1, and continually detecting whether
the current value of the logical register is the same as
the assigned value, and if so, continuing to execute the
subroutine, otherwise executing system resetting. In the
washing machine failure detection and processing meth-
od in the present invention, and internal running error is
prevented from occurring in an algorithm of a washing
machine, a failure is detected by a system before being
found by a user, and a corresponding security control
measure is adopted, thereby guaranteeing the secure
running of the washing machine.
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Description

Technical Field

[0001] The present invention belongs to the technical
field of washing machine, and more particularly to a meth-
od for washing machine failure detection and processing.

Backgrounds

[0002] Only the door open/closed status signal is con-
sidered in processing in the traditional washing machine
detection program. In fact, two IO ports are used and the
input ports receiving the signals are scanned and read
every 10ms; if the signal is not changed in 100 ms con-
tinuously, the result by logic operation of NAND of the
two IO ports output is being assigned to a buffer register.
If the door open signal is detected by at least one of the
IO port, the door is regarded in an open state and then
the display chip and the power controller are in commu-
nication. If the display chip receives the signal indicating
the door is opened or the communication with the power
controller is failed longer than 3 seconds by means of
CRC8 (Cyclic Redundancy Check 8-bit), the motor of the
washing machine is being stopped. However, in this
method, other washing machine failures, such as the
continuous one-way rotation of the motor, washing time
exceeded, spin-dry time exceeded, water supply exceed-
ed, or alarm fault under the particular circumstance that
the door is being opened during filing up water, washing
or drying and the like, could not be timely sensed, which
results in potential safety risks for users.
[0003] In order to solve the technical problem that there
is not a method well suited for detecting the runtime pro-
gram faults, a detection and processing method for wash-
ing machine failure is disclosed in the present invention.

Summary of the Invention

[0004] In order to solve the above technical problem,
the present invention is implemented by the following
technical solution.
[0005] A method for detecting and processing washing
machine failure, comprising:

A PC pointer detection step, in which includes:

(11) detecting the programs which service var-
ious washing machine running procedures re-
spectively, in which each of the program corre-
sponds to a subroutine, and the value of a logic
register is being assigned when each of the sub-
routine execution initiates, wherein the pro-
grams at least include water supply program,
washing program and the spin-dry program;
(12) detecting whether the current value of the
logic register is identical to the assigned value
when each of the subroutine completes execu-

tion, if the current value and the assigned value
are different, it is determined that the PC pointer
error occurs, and the program in which the error
occurred is stored according to the assigned val-
ue;
(13) when the PC pointer error is determined,
delaying t1, and then continually detecting
whether the current value of the logic register is
same with the assigned value, if identical, exe-
cuting the subroutine continually, otherwise re-
setting the system.

[0006] Further, in the step (13), after resetting the sys-
tem, reading the current water level data from the water-
level sensor and comparing the current water level
against the preset water level data, if the current water
level is higher than the preset water level, ignoring the
water supply program and implementing the subsequent
program; if the current water level is zero, implementing
the spin-dry program.
[0007] Further, the method includes a zero-crossing
interrupt detection step, in which includes:

(21) Setting the zero-crossing interrupt period T1 and
detecting the actual period T of the zero-crossing
interrupt of the motor signal;
(22) Determining whether the zero-crossing interrupt
T belongs to the range of [T1-Δt1,T1+Δt1], if it is in
the range, the zero-crossing interrupt is regular, oth-
erwise the zero-crossing interrupt is irregular;
(23) If the zero interrupt is irregular, resetting the
system.

[0008] Further, the method includes a fixed cycle in-
terrupt detection step, in which includes:

When it is detected that the upper cover of the wash-
ing machine is opened while the alarm fails to prop-
erly function and/or the procedure for terminating the
current running subroutine is not timely executed,
the fixed cycle interrupt error occurs, resetting the
system.

[0009] Further, the method includes a DC fault detec-
tion step of the RAM of the SCM (Single Chip Microcom-
puter), in which includes:

Detecting all of the addresses of the RAM of the SCM
cyclically by the chessboard detection method;
Storing the data of addresses to be detected and
disabling the interrupts before the detection; firstly
assigning either 0x55 or Oxaa to the first address to
be detected while assigning the other value to the
sequent address to be detected, and then reading
data from the two addresses and comparing them
against the assigned written data respectively, if nei-
ther an exact match found, a RAM error occurs and
the exceptional handling is executed; if the data are
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match, detecting the other addresses of the RAM
cyclically with the same method until all of the ad-
dresses are detected.

[0010] Further, the method includes a SCM register
error detection step, in which includes:

Detecting all registers cyclically by the chessboard
detection method;
Writing either 0x55 or Oxaa in each of the register
subsequently and then reading the output, compar-
ing the written data against the data read out to con-
firm whether the output is same as the original written
data; and then writing the other value of 0x55 or Oxaa
in and then read the output, comparing the written
data and the data read out to confirm whether the
output is same as the original written data; if the exact
match is found in both comparisons, the register is
regular; otherwise a register error occurs.

[0011] Further, the method includes a ROM detection
step, in which includes: calculating the CRC-16 check-
sum of the area code of ROM, and then comparing the
result with the fixed CRC-16 checksum stored in the
ROM, if a mismatch found, ROM error occurs and the
exception handling is executed.
[0012] Further, in the ROM detection step, calculating
the CRC16 check value of a 32-bit data extracted from
the ROM every time, and the CRC16 check value of all
of the ROM areas are produced until the calculation of
all of the data in the ROM is completed.
[0013] Further, the method further includes the step
for processing the special function register: periodically
assigning set values repeatedly to the configuration reg-
isters of the functional modules used in the SCM.
[0014] Compared with the prior art, the advantages
and the positive effects of the present invention are: the
washing machine failure detection processing method of
the present invention can prevent internal operation er-
rors caused by the running programs algorithm of wash-
ing machine, and also prevent other faulty operation pat-
terns such as water supply exceeded or washing time
exceeded, thereby ensuring the safe operation of the
washing machine and reducing the possibility of personal
injury caused by the washing machine failures.
[0015] The other features and advantages of the
present invention will become more apparent by reading
of the detailed description of the embodiments of the
present invention in conjunction with the accompanying
drawings.
[0016] In order to more clearly illustrate the embodi-
ments of the present invention or the technical solutions
in the prior art, the following drawings, which are to be
used in the description of the embodiments or the prior
art, will be briefly described. It will be apparent that the
drawings in the following description are some embodi-
ments of the present invention, and other drawings may
be obtained by those skilled in the art without departing

from the inventive work.

Brief Description of the Drawings

[0017]

Figure 1 is a flow chart of the PC pointer detection
step in an embodiment of the washing machine fail-
ure detection and processing method of the present
invention;
Figure 2 is a flow chart of the zero-crossing interrupt
detection step in an embodiment of the washing ma-
chine failure detection and processing method of the
present invention.

Detailed Description of the Invention

Embodiment

[0018] Referring to the drawings, the invention will now
be described completely in detail, and it will be apparent
that the described embodiments are merely part of the
embodiments of the invention and are not intended to be
exhaustive. All the other embodiments based on the em-
bodiments of the present invention obtained by those of
ordinary skill in the art without creative work are within
the scope of the present invention.

Explanation of Terminology:

[0019]

PC: program counter, referred to as PC;
RAM: the abbreviation of Random Access Memory,
referred to as RAM;
ROM: the abbreviation of Read Only Memory, re-
ferred to as ROM;
CRC: the abbreviation of Cyclic Redundancy Check,
referred to as CRC; CRC-16 refers to 16-bit cyclic
redundancy check code;
DC: analog to digital conversion.

Embodiment 1

[0020] As shown in Fig. 1, the present embodiment
provides a washing machine failure detection processing
method comprising the following steps:

A PC pointer detection step, as shown in Fig.1:

S11, detecting the programs which service var-
ious washing machine running procedures re-
spectively, in which each of the program corre-
sponds to a subroutine, and the value of a logic
register is being assigned when each of the sub-
routine initiates to execute, wherein the running
programs at least include water supply program,
washing program and the spin-dry program.

3 4 
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S12, detecting whether the current value of the
logic register is identical to the assigned value
when each of the subroutine completes its exe-
cution, if the current value and the assigned val-
ue are different, it is determined that the PC
pointer error occurs, and the program in which
the error occurred is stored according to the as-
signed value;
S13, when the PC pointer error is determined,
delaying t1, and then continually detecting
whether the current value of the logic register is
same with the assigned value, if identical, exe-
cuting the subroutine continually, otherwise ex-
ecuting system resetting.

[0021] The PC pointer value always vectors to the ad-
dress of the current executed program. If the PC pointer
error occurs in runtime, the washing machine may main-
tain the current operation patterns because of the control
failure, leading to errors as washing time exceeded, spin-
dry time exceeded, or water supply exceeded. Those
faults do not only damage the motor or other components,
but also may further result in accidents and risk the safety
of user. The PC pointer detection can sense the runtime
safety problems and implement proper process to cor-
rect, so that the errors as water supply exceeded or idling
cased by internal operation algorithm error could be pre-
vented, thereby ensuring the safety operation of washing
machine and lower the possibility of personal injury.
[0022] In the present embodiment, after resetting the
system in the step S13, in order to prevent repeatedly
execute the same program, as example filling water, the
present embodiment provides further procedures, in
which including reading the current water level data from
the water-level sensor and comparing the current water
level with the preset water level, if the current water level
is higher than the preset water level, ignoring the water
supply program and implementing the subsequent pro-
gram; if the current water level is zero, implementing the
spin-dry program. Since at least one complete subroutine
is executed through the step S11 and step S12, it is as-
sumed that a complete water supply process is per-
formed. If the current water level is zero, there is no need
to perform the water supply program or the washing pro-
gram repeatedly, the direct execution of the spin-dry pro-
gram could save water and power and also shorten the
operation time.
[0023] As preferred, the present embodiment also in-
cludes a zero-crossing interrupt detection step, in which
includes:

S21, Setting the zero-crossing interrupt period T1
and detecting the actual period T of the zero-crossing
interrupt of the motor signal;
S22, Determining whether the zero-crossing inter-
rupt T belongs to the range of [T1-Δt1,T1+Δt1], if it
belongs to the range, the zero-crossing interrupt is
regular, otherwise the zero-crossing interrupt is ir-

regular;
S23, If the zero interrupt is irregular, resetting the
system.

[0024] The electricity power frequency is 50Hz. The
external interrupt port of the SCM receives the electricity
power signal through extra electricity circuit. The interrupt
generated is defined as the zero-crossing interrupt and
the normal signal period is 20ms. The comparison result
between the signal period of the zero-crossing interrupt
and the time set by the SCM timing controller is used in
the program to determine whether the timing interrupt or
the zero-crossing interrupt is regular. If a zero-crossing
interrupt error occurs, the washing machine may be in a
running pattern of continuous one-way rotation which is
possibly neglect by the users. The zero-crossing interrupt
detection step could sense this zero-crossing error timely
and execute system resetting to ensure the safety oper-
ation.
[0025] The present embodiment also includes fixed cy-
cle interrupt detection step, in which includes:

When it is detected that the upper cover of the wash-
ing machine is opened while the alarm fails to prop-
erly function and/or the procedure for terminating the
current running subroutine is not timely executed,
the fixed cycle interrupt error occurs, resetting the
system.

[0026] During the runtime of the washing machine, the
fixed cycle interrupt is used to detect sudden situations
when the washing machine should be stopped, such as
the upper cover of the washing machine is opened in
normal operation, and also used to automatically termi-
nate the running of the washing machine and send alarm
signal for preventing users from hurting. The occurrence
of the fixed cycle interrupt error results in the situation
that the alarm fails to properly function while the washing
machine is still running regardless the upper cover is
opened, which is a potential safety risk for users. The
embodiment is to use the fixed cycle interrupt to further
ensure the safety of washing machine running.
[0027] If the RAM of the SCM has DC faults, it may
results in inconsistency between the data written in and
the data read out from the SCM, therefore the program
may not be properly executed and the washing machine
cannot work. Therefore a DC fault detection step of the
RAM of the SCM is provided in this embodiment, in which
including:

Detecting all addresses of the RAM of the SCM cy-
clically by the chessboard detection method;
Before the detection, the data of all the addresses
to be detected are stored and the interrupts are dis-
abled. That procedure, on one hand is to ensure that
the program can be executed properly with the orig-
inal written data once the detection completed, on
the other hand, is to avoid generating interrupts, in
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which the detection data may be regarded and proc-
essed as program data, during the detection. Then,
firstly assigning either 0x55 or Oxaa to the first ad-
dress to be detected while assigning the other value
to the sequent address to be detected, and then
reading data from the two addresses respectively
and comparing them against the assigned written
data respectively, if neither an exact match found, a
RAM error occurs and the exceptional handling is
executed; if the data are match, detecting the other
addresses of the RAM cyclically with the same meth-
od until all of the addresses are detected. Wherein
the written data of 0x55 is namely 01010101 and the
written data of Oxaa is namely 10101010. In this em-
bodiment, 0x55 and Oxaa are respectively assigned
to two adjacent RAM addresses at the same time,
and therefore both of the addresses can be detected
at the same time. Moreover, the different value could
separate the addresses in order to avoid the address
confusion in detecting the two addresses simultane-
ously, thereby improving the efficiency of detection.
In order to ensure the correctness of the detection
result, after the first round of detection, it initiates the
following steps that, from the first address the other
value which was not assigned to the first address is
written again, as an example, if the value 0x55 is
assigned to the first address for the first time, that
means only parts of the bits are updated as 1. There-
fore, Oxaa should be assigned to the first address
repeatedly, namely all the bits of the first address
written as 0 are updated as 1 in the replicated as-
signment, which is capable of implementing effective
detection of all the bits.

[0028] Further, the embodiment includes a SCM reg-
ister error detection step, in which includes:

Detecting all registers cyclically by the chessboard
detection method;
Writing either 0x55 or Oxaa in each of the register
subsequently and then reading the output, compar-
ing the written data against the data read out to con-
firm whether the output is same as the original written
data; and then writing the other value of 0x55 or Oxaa
in and then read the output, comparing the written
data and the data read out to confirm whether the
output is same as the original written data; if the exact
match is found in both comparisons, the register is
regular; otherwise a register error occurs and the
register error is reported, resetting the system. In the
embodiment, each of the register could be detected
respectively and the effectiveness of detection could
be ensured by writing the value of 0x55 and Oxaa
respectively.

[0029] The method further includes a ROM detection
step, in which includes: calculating the CRC-16 check-
sum of the area code of ROM, and then comparing the

result with the fixed CRC-16 checksum stored in the
ROM, if a mismatch found, ROM error occurs and the
exception handling is executed. CRC is an error check
code and characterized in that the bit length of the mes-
sage and the bit length of the validity are selective. In the
CRC algorithm, the bits representing the input can be
encoded by a polynomial selected and the result is ap-
pended with, in the receiving end, the same algorithm is
executed to ensure the correctness and completeness
of data communication. In this embodiment, the CRC-8
cannot meet the requirements for distributing the mes-
sage length of the area code of ROM while the using of
CRC-32 is redundant. Therefore, the CRC-16 is prefer-
ably selected to according to the requirements of the area
code of ROM and the expected distribution of message
length. The use of the CRC-16 can prevent errors written
in the programs occurring, thereby ensuring the safe op-
eration of washing machine with program correctness.
[0030] As described in this embodiment, in the ROM
detection step, calculating the CRC16 check value of a
32-bit data extracted from the ROM each time, and the
CRC16 check value of the ROM area is produced until
calculation with all ROM data completed.
[0031] The washing machine failure detection
processing method of the present embodiment further
includes the step for processing the special function reg-
ister, in which comprises: periodically assigning set val-
ues repeatedly to the configuration registers of the func-
tional modules used in the SCM. The special function
register typically used to control the input port and the
output port of the SCM. In order to prevent runtime error
of the program defined input port and output port, as the
input port is wrongly regarded as the output port, or the
output port is wrongly regarded as the input port, the re-
peated non-stop assignment is used in this step to timely
correct the written value which may be mistakenly written,
without affecting the safe operation of the program.
[0032] It is to be understood that the foregoing descrip-
tion is not intended to be limiting of the invention and that
the invention is not limited to the above-described exam-
ples and that variations, modifications, additions or sub-
stitutions made by one of ordinary skill in the art within
the true scope of the invention.

Claims

1. A washing machine failure detection and processing
method, comprising a PC pointer detection step:

(11) detecting the programs which service var-
ious washing machine running procedures re-
spectively, in which each of the program corre-
sponds to a subroutine, and the value of a logic
register is being assigned when each of the sub-
routine execution initiates, wherein the pro-
grams at least include water supply program,
washing program and the spin-dry program;
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(12) detecting whether the current value of the
logic register is identical to the assigned value
when each of the subroutine completes execu-
tion, if the current value and the assigned value
are different, it is determined that the PC pointer
error occurs, and the program in which the error
occurred is stored according to the assigned val-
ue;
(13) when the PC pointer error is determined,
delaying t1, and then continually detecting
whether the current value of the logic register is
same with the assigned value, if identical, exe-
cuting the subroutine continually, otherwise re-
setting the system.

2. The washing machine failure detection and process-
ing method according to the claim 1, further compris-
ing a Zero-crossing interrupt detection step:

(21) Setting the zero-crossing interrupt period
T1 and detecting the actual period T of the zero-
crossing interrupt of the motor signal;
(22) Determining whether the zero-crossing in-
terrupt T belongs to the range of [T1-Δt1,
T1+Δt1], if it is in the range, the zero-crossing
interrupt is regular, otherwise the zero-crossing
interrupt is irregular;
(23) If the zero interrupt is irregular, resetting the
system.

3. The washing machine failure detection and process-
ing method according to the claim 1 or claim 2, further
comprising a Fixed cycle interrupt detection step:

When it is detected that the upper cover of the
washing machine is opened while the alarm fails
to properly function and/or the procedure for ter-
minating the current running subroutine is not
timely executed, the fixed cycle interrupt error
occurs, resetting the system.

4. The washing machine failure detection and process-
ing method according to the claim 1 or claim 2, further
comprising a DC fault detection step of the RAM of
the SCM:

Detecting all of the addresses of the RAM of the
SCM cyclically by the chessboard detection
method;
Storing the data of addresses to be detected and
disabling the interrupts before the detection;
firstly assigning either 0x55 or Oxaa to the first
address to be detected while assigning the other
value to the sequent address to be detected,
and then reading data from the two addresses
and comparing them against the assigned writ-
ten data respectively, if neither an exact match
found, a RAM error occurs and the exceptional

handling is executed; if the data are match, de-
tecting the other addresses of the RAM cyclically
with the same method until all of the addresses
are detected.

5. The washing machine failure detection and process-
ing method according to the claim 4, further compris-
ing a SCM register error detection step:

Detecting all registers cyclically by the chess-
board detection method;
Writing either 0x55 or Oxaa in each of the reg-
ister subsequently and then reading the output,
comparing the written data against the data read
out to confirm whether the output is same as the
original written data; and then writing the other
value of 0x55 or Oxaa in and then read the out-
put, comparing the written data and the data
read out to confirm whether the output is same
as the original written data; if the exact match is
found in both comparisons, the register is regu-
lar; otherwise a register error occurs.

6. The washing machine failure detection and process-
ing method according to the claim 5, further compris-
ing a ROM detection step:

Calculating the CRC-16 checksum of the area
code of ROM, and then comparing the result with
the fixed CRC-16 checksum stored in the ROM,
if a mismatch found, ROM error occurs and the
exception handling is executed.

7. The washing machine failure detection and process-
ing method according to the claim 6, further compris-
ing:

in the ROM detection step, calculating the
CRC16 check value of a 32-bit data extracted
from the ROM every time, and the CRC16 check
value of all of the ROM areas are produced until
all of the ROM data calculation completed.

8. The washing machine failure detection and process-
ing method according to the claim 7, further compris-
ing a Special function register processing step:

Periodically assigning set values repeatedly to
the configuration registers of the functional mod-
ules used in the SCM.

9 10 
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