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(54) ELECTRIC VACUUM CLEANER

(57)  There is provided an electric vacuum cleaner
which accurately determines a spark failure of an electric
blower to prevent smoking and ignition from occurring in
the electric blower.

The electric vacuum cleaner 1 includes a spark de-
tector 31 which detects a spark caused by the friction
between a commutator 23 and a carbon brush 26 in the
electric blower 10 which causes a suction negative pres-
sure to act on a dust collecting chamber 7; and a control
unit 32 which controls the electric blower 10 based on
spark detection information from the spark detector 31.
The spark detector 31 calculates a difference between a
previous value and a most recent value of sampled val-
ues; estimates a next value fromthe difference; and when
the difference between an estimated value and a meas-
ured value is greater than a predetermined value, the
control unit 32 stops the operation of the electric blower
10.

oti f FELECTRIC BLOWER
St~ < tN OFERATION J
§12.~|  DETECT SPARK
_.___A____I.-_._._._
o | stRE
S8 previous vaLE 1
I A
4 | STORE HOST
St RECENi ‘IALUE_J
l
¥
§15--] ESTIMATED VALUE = |
ST9771 QUOST REGENT VALUE - PREVIOUS VALUE)+ HOST RECENT VALLE |
/’/‘l\"‘\
/"// \\\"~;
T S
$16. =7 IMEASURED VALUE - ESTIMATED YALUE] x (N-2) o~ T
S > PREDETERWINED VALLE
R, . -

STOP GPERATING

]

e . i
Sth ELECTRIC BLOWER ‘
!

FIG. 6

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 387 929 A1 2

Description
FIELD
[0001] The presentinvention relates to an electric vac-

uum cleaner having a spark detector which detects a
spark caused by the friction between a commutator and
a carbon brush of an electric blower.

BACKGROUND

[0002] There has been conventionally proposed an
electric vacuum cleaner in which in order to prevent
smoking and ignition from occurring in an electric blower,
a spark caused by the friction between a commutator and
a carbon brush of the electric blower is detected by a
spark detector to control the electric blower (for example,
see Patent Documents 1 and 2).

[0003] The electric vacuum cleaner according to Pat-
ent Document 1 uses a spark detector which obtains most
recent data and previous data of the digital values sam-
pled by an A/D converter, and determines a spark failure
when the calculated difference value is greater than a
preset predetermined spark determination level. Further,
the spark detector calculates a difference between a
maximum value and a minimum value within a predeter-
mined period of time, and determines a spark failure
when the calculated difference value is greater than a
preset predetermined spark determination level.

[0004] Further, the electric vacuum cleaner according
to Patent Document 2 has a light detector which detects
a spark caused by the friction between a commutator and
a carbon brush of an electric blower. In response to de-
tection of a spark by the light detector, an electric blower
error is detected to stop the electric blower.

[0005] However, the electric vacuum cleaner accord-
ing to Patent Document 1 obtains most recent data and
previous data of the digital values sampled by an A/D
converter, and determines a spark failure when the cal-
culated difference value is greater than a preset prede-
termined spark determination level. In this case, if the
preset predetermined spark determination level is incor-
rect or does not contain a tolerance, a misdetection may
occur. Further, the electric vacuum cleaner calculates a
difference between a maximum value and a minimum
value within a predetermined period of time, and deter-
mines a spark failure when the calculated difference val-
ue is greater than a preset predetermined spark deter-
mination level. In this case, noise may be detected lead-
ing to misdetection, which may deteriorate reliability.
[0006] Further, the electric vacuum cleaner according
to Patent Document 1 does not consider subsequent con-
trol after an error is detected and the electric blower is
stopped, and is not easy to use.

[0007] The electric vacuum cleaner according to Pat-
ent Document 1 obtains most recent data and previous
data of the digital values sampled by an A/D converter,
and determines a spark failure when the calculated dif-
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ference value is greater than a preset predetermined
spark determination level. In general, when the electric
blower is activated, the rate of spark occurrence is high
and then the rate tends to be lowered. The spark detector
and the electric blower lack control considering this trend.
Further, if the predetermined value is just one, and is set
based on sparks occurring when some period of time has
elapsed and the electric blower is operating stably, a high
rate of spark occurrence at the time of activation may
exceed the predetermined value and the normally oper-
ating electric blower may be inconveniently stopped.
[0008] Further, the light detector of the electric vacuum
cleaner according to Patent Document 2 in a case where
sparks producing a large amount of light are reduced
over time lacks stability and reliability in light detection.
[0009]

Patent Document 1: Japanese Patent Laid-Open
No. 2008-86124

Patent Document 2: Japanese Patent Laid-Open
No. 2006-204470

Disclosure of the Invention

[0010] An object of the present invention is to provide
an electric vacuum cleaner which detects a spark caused
by the friction between a commutator and a carbon brush
of an electric blower and stops the operation of the elec-
tric blower to prevent smoking and ignition from occurring
in the electric blower.

[0011] Anotherobject of the presentinvention is to pro-
vide an electric vacuum cleaner which is free from mis-
detection to ensure reliable and stable error detection;
not only detects a spark caused by the friction between
a commutator and a carbon brush of an electric blower
and stops the operation of the electric blower but also
after the operation is stopped, activates a control appa-
ratus to control the electric blower to prevent smoking
and ignition from occurring in the electric blower; and is
ease of use.

[0012] Still another object of the present invention is
to provide an electric vacuum cleaner which without stop-
ping the normally operating electric blower, detects a
spark caused by the friction between a commutator and
a carbon brush of the electric blower and stops the op-
eration of the electric blower to prevent smoking and ig-
nition from occurring in the electric blower; and is excel-
lent in reliability.

[0013] In order to achieve the above objects, an elec-
tric vacuum cleaner according to the present invention
comprises: a dust collecting chamber disposed in a vac-
uum cleaner body; an electric blower which causes a
suction negative pressure to act on the dust collecting
chamber; a spark detector which detects a spark caused
by friction between a commutator and a carbon brush of
the electric blower; and a control unit which controls the
electric blower based on spark detection information from
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the spark detector, wherein the spark detector calculates
a difference between a previous value and a most recent
value of sampled values; estimates a next value from the
difference; and when an absolute value of the difference
between an estimated value and a measured value is
greaterthan a predetermined value, the control unit stops
operation of the electric blower.

[0014] The spark detector calculates a difference be-
tween a previous value and a most recent value of the
sampled values; estimates a next value from the differ-
ence; and determines that a spark occurs when the dif-
ference between an estimated value and a measured
value is greater than a predetermined value. When the
spark detector determines that a spark occurs, the control
unit stops the operation of the electric blower and after
the stop, does not reactivate the electric blower.

[0015] Further, when the spark detector determines
that a spark occurs, the control unit stops the operation
of the electric blower and enables the operation of the
electric blower until the number of stops reaches a pre-
determined number of times.

[0016] Further, a plurality of the predetermined values
is set. During a period from the activation of the electric
blower up to within a predetermined time, a first prede-
termined value is set and after the predetermined time
has elapsed, a predetermined value lower than the first
predetermined value is set.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017]

Fig. 1 is a schematic view of an electric vacuum
cleaner of a first embodiment of the present inven-
tion.

Fig. 2 is a partially cut-out side view of an electric
blower for use in the electric vacuum cleaner of the
first embodiment of the present invention.

Fig. 3 is a block diagram of a control circuit for the
electric blower for use in the electric vacuum cleaner
of the first embodiment of the present invention.
Fig. 4 is a control flowchart of a first example for
spark detection and control of the electric vacuum
cleaner of the first embodiment of the present inven-
tion.

Fig. 5 is a schematic view of a sampling method for
use in spark detection in the first example for spark
detection and control of the electric vacuum cleaner
of the first embodiment of the present invention.
Fig. 6 is a control flowchart of a second example for
spark detection and control of the electric vacuum
cleaner of the first embodiment of the present inven-
tion.

Fig. 7 is a schematic view of a sampling method for
use in spark detection in the second example for
spark detection and control of the electric vacuum
cleaner of the first embodiment of the present inven-
tion.
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Fig. 8 is a control flowchart of a third example for
spark detection and control of the electric vacuum
cleaner of the first embodiment of the present inven-
tion.

Fig. 9 is a schematic view of a sampling method for
use in spark detection in the third example for spark
detection and control of the electric vacuum cleaner
of the first embodiment of the present invention.
Fig. 10 is a table showing the difference in integrated
value depending on the power supply voltage, the
frequency, and the operating mode in spark detec-
tion of the electric vacuum cleaner of the first em-
bodiment of the present invention.

Fig. 11 is a correlation diagram between a power
supply voltage and an integrated value in a strong
mode at 50 Hz in spark detection of the electric vac-
uum cleaner of the first embodiment of the present
invention.

Fig. 12 is a correlation diagram between a power
supply voltage and an integrated value in a middle
mode at 50 Hz in spark detection of the electric vac-
uum cleaner of the first embodiment of the present
invention.

Fig. 13 is a correlation diagram between a power
supply voltage and an integrated value in a strong
mode at 60 Hz in spark detection of the electric vac-
uum cleaner of the first embodiment of the present
invention.

Fig. 14 is a correlation table between a power supply
voltage (detection voltage) and a predetermined val-
ue at a rated power supply voltage of 100 V in spark
detection of the electric vacuum cleaner of the first
embodiment of the present invention.

Fig. 15 is a block diagram of a control circuit for an
electric blower for use in an electric vacuum cleaner
of a second embodiment of the present invention.
Fig. 16 is a control flowchart of a first example for
spark detection and control of the electric vacuum
cleaner of the second embodiment of the present
invention.

Fig. 17 is a control flowchart of a second example
for spark detection and control of the electric vacuum
cleaner of the second embodiment of the present
invention.

Fig. 18 is a control flowchart of a third example for
spark detection and control of the electric vacuum
cleaner of the second embodiment of the present
invention.

Fig. 19 is a control flowchart of spark detection and
control of the electric vacuum cleaner of a third em-
bodiment of the present invention.

Fig. 20 is a correlation graph between an operating
time and a spark amount after activation of an electric
blower for use in the electric vacuum cleaner of the
third embodiment of the present invention.

Fig. 21 is a correlation table between a power supply
voltage classification and a setting value for use in
the electric vacuum cleaner of the third embodiment
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of the present invention.

Description of Symbols

[0018]

1 electric vacuum cleaner
2 vacuum cleaner body

6 floor suction fitting

7 dust collecting chamber
10  electric blower

14 motor section

15  motor housing

16  stator

17  rotor

18  brush mechanism
20  motor

23  commutator

24 brush holder fixing section

25  brush holder

26  carbon brush

30 control circuit for an electric blower
31  spark detector

32  control unit

33  power regulation section

34  power supply voltage detector

Best Mode for Carrying Out the Invention
"Electric vacuum cleaner according to first embodiment"

[0019] An electric vacuum cleaner according to a first
embodiment of the present invention will be described
by referring to the accompanying drawings.

[0020] As illustrated in Fig. 1, the electric vacuum
cleaner 1 according to the first embodiment of the present
invention comprises: a vacuum cleaner body 2; a dust
collection hose 3 one end of which is connected in an
attachable and detachable manner to a horse connection
port 2a formed in a front portion of the vacuum cleaner
body 2; an extension tube 5 which is connected in an
attachable and detachable manner to a hand operating
pipe 4 disposed in the other end of the dust collection
hose 3; and a floor suction fitting 6 which is connected
in an attachable and detachable manner to a front end
of the extension tube 5.

[0021] The inside of the vacuum cleaner body 2 in-
cludes afirst dust separator and a second dust separator,
both of which are communicatively connected to the dust
collection hose 3 and are not illustrated. The vacuum
cleaner body 2 includes a dust collecting chamber 7 hav-
ing a dust collector adopting a high-speed separation
system which separates dust contained in air flowing at
high speeds by gravity difference as the first dust sepa-
rator; and having a pleat filter as the second dust sepa-
rator; and an electric blower 10 which causes a suction
negative pressure to acton the dust collecting chamber 7.
[0022] As illustrated in Fig. 2, the electric blower 10
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includes a centrifugal blower section 12 having a suction
port11; and a motor section 14 having an exhaust port 13.
[0023] The motor section 14 includes a motor housing
15 having an exhaust port 13; a stator 16 disposed on
an inner peripheral surface 15a of the motor housing 15;
a rotor 17 rotatably supported inside the motor housing
15; and a pair of brush mechanisms 18 disposed in the
motor housing 15 and electrically connected to the rotor
17. The stator 16, the rotor 17, and a pair of brush mech-
anisms 18 constitute a motor 20.

[0024] The rotor 17 is disposed inside the stator 16.
The rotor 17 includes a rotor shaft 21 disposed at the
shaft center; a field coil 22 (rotor coil) wound around the
rotor shaft 21; and a commutator 23 electrically connect-
ed to the field coil 22 and disposed on the rotor shaft 21.
[0025] The brush mechanism 18includes a brush hold-
er 25 penetrated through a brush holder fixing section
24; a carbon brush 26 slidably housed in the brush holder
25; and a coil spring 27 which presses and urges the
carbon brush 26 to the commutator 23 of the rotor 17.
[0026] Asillustrated in Fig. 3, a control circuit 30 for an
electric blower includes the electric blower 20, a spark
detector 31, a control unit 32, a power regulation section
33, and power supply voltage detector 34.

[0027] As the spark detector 31, a current transformer
which detects a current of the electric blower 20 is used.
The current detected by the current transformer is con-
verted to a voltage value. As the power supply, for ex-
ample, acommercial power supply of rated 100 V is used.
[0028] When a spark occurs in the brush mechanism
57, the current value tends to be lowered.

[0029] The control unit 32 includes a microcomputer
and a memory. As the power regulation section 33, for
example, a triac is used.

[0030] The spark detector 31 detects a current flowing
through the electric blower 20. Based on the spark de-
tection information, the control circuit 30 controls the
electric blower 20 through the control unit 32 and the
power regulation section 33.

[0031] The power supply voltage detector 34 detects
a power supply voltage, and inputs the power supply volt-
age information to the control unit 32.

[0032] Next, the spark detection and control of the
electric blower for use in the electric vacuum cleaner ac-
cording to the first embodiment.

(First example of spark detection and control)

[0033] Based on Figs. 4 and 5, the first example of the
spark detection and control will be described.

[0034] The electric vacuum cleaner 1 is used and the
electric blower 10 is turned on (S1).

[0035] A plurality of samplings is performed at equal
time intervals. Samplings are performed, for example, at
a half-frequency of 50 Hz at a sampling interval of 10 ms
at 100 points. When phase control is performed, the sam-
plings are performed only when current flows.

[0036] For example, the spark detector 31 detects a
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current flowing through the electric blower 10 and con-
verts the current to a voltage (S2).

[0037] The voltage value is stored in the control unit
32 as a previously measured value la of the sampling (n-
2) (S3).

[0038] Further, the spark detector 31 detects a current
flowing through the electric blower 10, converts the cur-
rent to a voltage, and stores the voltage value in the con-
trol unit 32 as the most recently measured value Ib of the
sampling (n-1) (S4).

[0039] The control unit 32 calculates an estimated val-
ue Ine (S5).

[0040] The estimated value Ine is estimated from a
previously measured value la and a most recently meas-
ured value Ib, and more specifically, a difference between
the previously measured value la and the most recently
measured value Ib is added to the most recently meas-
ured value Ib.

[0041] Thatis, Ine = Ib + (Ib-la).

[0042] The control unit 32 determines whether or not
the absolute value of a difference between the estimated
value Ine and the measured value In is greater than the
predetermined value Is (S6).

[0043] Thatis, the control unit 32 determines whether
|In-Ine| > Is or not.

[0044] The current value in the sampling n is used as
the measured value In. The predetermined value Is is
calculated by experiment in advance in a state in which
the carbon brush 26 is normal.

[0045] When the absolute value of the difference be-
tween the estimated value Ine and the measured value
Inis greater than the predetermined value Is (YES in S6),
the control circuit 30 stops the electric blower 10 through
the control unit 32 and the power regulation section 33
(S7).

[0046] The state in which the absolute value of the dif-
ference between the estimated value Ine and the meas-
ured value In is greater than the predetermined value Is
indicates that a spark occurs by the friction between the
commutator 23 and the carbon brush 26 in the electric
blower 10. Thus, the control circuit 30 stops the electric
blower 10 to prevent smoking and ignition from occurring
in the electric blower 10.

[0047] When a determination is made in S6 that the
absolute value of the difference between the estimated
value Ine and the measured value In is not greater than
the predetermined value Is (NO in S6), the process re-
turns to S2, in which the subsequent processes are re-
peated in the same manner.

[0048] The state in which the absolute value of the dif-
ference between the estimated value Ine and the meas-
ured value In is not greater than the predetermined value
Is indicates that a spark does not occurs by the friction
between the commutator 23 and the carbon brush 26 in
the electric blower 10. Thus, the control circuit 30 allows
the electric blower 10 to continue operating.

[0049] The firstexample of the present spark detection
and control determines whether or not a spark occurs in
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such a manner that the difference between a previous
value and a most recent value of the sampled measured
values is obtained to estimate a next value; and when
the absolute value of the difference between the estimat-
ed value and the next measured value is greater than
the predetermined value, the operation of the electric
blower is stopped. Thus, unlike the conventional method,
without misdetection and with accuracy, the first example
ofthe present spark detection and control detects a spark
caused by the friction between the commutator and the
carbon brush, safely stops the operation of the electric
blower, and prevents smoking and ignition from occurring
in the electric blower.

(Second example of spark detection and control)

[0050] Based on Figs. 6 and 7, the second example of
the spark detection and control will be described.
[0051] The same steps as the S1 to S5 of the first ex-
ample illustrated in Fig. 4 are executed by repeating a
plurality of n-2 times at the same half-frequency (S1 to
S15).

[0052] The detection steps are repeated a plurality of
n-2 times and the control unit 32 determines whether or
not the integrated absolute value of the difference be-
tween the measured value In; and the estimated value
Ine, is greater than the predetermined value Is (S16).
[0053] Thatis, the control unit 32 determines whether
[In4-Iney|

> |s or not.

[0054] When the summated absolute value of the dif-
ference between the measured value Iny and the esti-
mated value Ine, is greater than the predetermined value
Is (YES in S16), the control circuit 30 stops the electric
blower 10 through the control unit 32 and the power reg-
ulation section 33 (S17).

[0055] The second example of the present spark de-
tection and control determines whether or not a spark
occurs in such a manner that the detection steps are
repeated a plurality of n-2 times; and the absolute value
of the difference between the measured value and the
estimated value is integrated, allowing the measured val-
ue and the estimated value to be unvarying and stable.
Thus, unlike the conventional method, without misdetec-
tion and with more accuracy, the second example of the
present spark detection and control detects a spark
caused by the friction between the commutator and the
carbon brush, safely stops the operation of the electric
blower, and prevents smoking and ignition from occurring
in the electric blower.

(Third example of spark detection and control)
[0056] Based on Figs. 8 and 9, the third example of

the spark detection and control will be described.
[0057] Thesamestepsasthe S11toS15ofthe second
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example illustrated in Fig. 6 are executed by repeating a
plurality of N times at the same frequency (S) (S21 to
S25).

[0058] The detection steps are repeated a plurality of
n-2 times to integrate the absolute value of the difference
between the measured value In, and the estimated value
Ine,, and the integrated value is stored.

[0059] Further, asillustrated in Fig. 9, in the next cycle
(S+1), for example, the detection steps are repeated a
plurality of n-2 times in the same phase, and further in a
cycle (S+Nn), the detection steps are repeated a plurality
of (S+Nn) times.

[0060] The integrated values of the obtained absolute
value of the difference between the measured value In,
and the estimated value Ine, are averaged for each fre-
quency of the power supply (ntimes) to determine wheth-
er or not the averaged value is greater than the prede-
termined value Is (S26).

[0061] Subsequently, in the same manner as in S6 of
the first example illustrated in Fig. 4, when YES, the proc-
ess moves to S27; when NO, the process returns to S22.
[0062] The third example of the present spark detec-
tion and control determines whether or not a spark occurs
in such a manner thatin a plurality of cycles, the detection
steps are repeated a plurality of times; and the integrated
values of the absolute value of the difference between
the measured value In2 and the estimated value Ine, are
averaged for each frequency of the power supply (n
times), allowing exceptional values to be removed and
the unvarying and stable integrated values to be used.
Thus, unlike the conventional method, without misdetec-
tion and with more accuracy, the third example of the
present spark detection and control detects a spark
caused by the friction between the commutator and the
carbon brush, safely stops the operation of the electric
blower, and prevents smoking and ignition from occurring
in the electric blower.

(Fourth example of spark detection and control)

[0063] The fourth example of the present spark detec-
tion and control changes the predetermined value ac-
cording to the power supply voltage value in the first to
third examples.

[0064] As illustrated in Figs 10 "(a) Operating mode
(strong) and (b) Operating mode (middle)" to 13, as each
power supply voltage in both 50 Hz and 60 Hz increases,
the integrated value also increases. It is understood that
in any power supply voltage in both 50 Hz and 60 Hz,
the integrated values in 60 Hz are greater than the inte-
grated values in 50 Hz.

[0065] As understood from Figs 10(a) and (b), 11, and
12, the integrated values vary depending on the strong
mode and the middle mode in 50 Hz.

[0066] Therefore, the predetermined value needs to
be changed according to the change in power supply
voltage and the frequency.

[0067] Forexample, the power supply voltage detector
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34 illustrated in Fig. 3 detects a power supply voltage
and the power supply voltage information is inputted to
the control unit 32 which rewrites a predetermined value
preliminarily stored in the memory.

[0068] When the power supply voltage is rated 100 V,
the relation between the power supply voltage (detection
voltage) and the predetermined value is as illustrated in
Fig. 14.

[0069] As illustrated in Fig. 14, the predetermined val-
ue is determined for each classification of power supply
voltage. For example, the predetermined value is A for
the voltage < 80V; the predetermined value is B for 80 V
< the voltage < 90 V; the predetermined value is C for 90
V < the voltage < 100 V; and the predetermined value is
D for 100 V < the voltage. Thus, the predetermined value
is rewritten for each 10 V.

[0070] The fourth example of the present spark detec-
tion and control determines whether or not a spark occurs
in such a manner that in addition to the detection steps
in the first to third examples of the spark detection and
control, the predetermined value is changed according
to the power supply voltage value. Thus, unlike the con-
ventional method, without misdetection, according to the
power supply voltage, the fourth example of the present
spark detection and control accurately detects a spark
caused by the friction between the commutator and the
carbon brush, safely stops the operation of the electric
blower, and prevents smoking and ignition from occurring
in the electric blower.

[0071] Thus, the electric vacuum cleaner according to
the first embodiment of the present invention detects a
spark caused by the friction between the commutator and
the carbon brush of the electric blower, stops the oper-
ation of the electric blower, and prevents smoking and
ignition from occurring in the electric blower.

"Electric vacuum cleaner according to second embodi-
ment"

[0072] Now, the electric vacuum cleaner according to
the second embodiment of the present invention will be
described.

[0073] The electric vacuum cleaner according to the
second embodiment not only has the same configuration
as that of the electric vacuum cleaner according to the
first embodiment but also has a notification unit 35 con-
nected to the control unit 32 as illustrated in Fig. 15.
[0074] The spark detection and control by the control
circuit of the electric vacuum cleaner according to the
second embodiment will be described.

(First example of spark detection and control)

[0075] The steps S31 to S36 in the flowchart of the
second example of the present spark detection and con-
trol illustrated in Fig. 16 are the same as the steps S1 to
S6 in the first example of the electric vacuum cleaner
according to the firstembodimentiillustrated in Fig. 4, and
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thus the description will be omitted.

[0076] When the absolute value of the difference be-
tween the estimated value Ine and the measured value
In is greater than the predetermined value Is, it indicates
that a spark occurs by the friction between the commu-
tator 23 and the carbon brush 26 of the electric blower
10. Thus, the control unit 32 stops the electric blower 10
to prevent smoking and ignition from occurringin the elec-
tric blower 10. At this time, the notification unit 35 notifies
thata spark occurs and the electric blower 10 stops (S37).
[0077] The stop information of the electric blower 10
is stored in a memory of the control unit 32 (S38).
[0078] When and after the memory of the control unit
32 stores the stop information, a subsequent operation
request from a control switch 4a will be ignored to prevent
the electric blower 10 from operating (S39).

[0079] Further, when the memory is unplugged to stop
supplying power to the electric vacuum cleaner 1, the
memory holds the stop information therein; and when the
power plug is inserted again to supply power to the elec-
tricvacuumcleaner 1, an operation request from a control
switch 4a will be ignored to prevent the electric blower
10 from operating.

[0080] The first example of the spark detection and
control determines whether or not a spark occurs in such
a manner that the difference between a previous value
and a most recent value of sampled measured values is
obtained to estimate a next value; and when the differ-
ence between the estimated value and the next meas-
ured value is greater than the predetermined value, the
operation of the electric blower is stopped. Additionally,
after the operation is stopped, a control apparatus is ac-
tivated to store the stop information in the memory, and
a subsequent operation request from outside such as a
control switch is ignored to prevent the electric blower
from operating and to prevent smoking and ignition from
occurring in the electric blower.

(Second example of spark detection and control)

[0081] Unlike the first example which, when a spark
occurrence is determined, stops the operation of the elec-
tric blower, and when and after the operation is stopped,
prevents the electric blower from operating, the second
example of the present spark detection and control stops
the subsequent operation of the electric blower when and
after the number of operation stops reaches a predeter-
mined times.

[0082] By referring to Fig. 17, the second example of
the present spark detection and control will be described.
[0083] The steps S41to S46 are the same as the steps
S1to S6 in the first example of the electric vacuum clean-
er according to the first embodiment illustrated in Fig. 4,
and thus the description will be omitted.

[0084] In S47, a spark occurrence is detected and the
operation of the electric blower 10 is stopped through the
control unit 32 and the power regulation section 33. Then,
when the operation of the electric blower 10 is stopped,
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a first stop is stored in the memory of the control unit 32.
When the spark occurrence is removed, the operation of
the electric blower 10 is resumed. When a spark occur-
rence is detected again, the number of stops is incre-
mented by 1 (S48).

[0085] The control unit 32 determines whether or not
the number of stops reaches a predetermined number
of times (S49).

[0086] When the number of stops reaches a predeter-
mined number of times (YES), the memory of the control
unit 32 stores the number of stops (S50).

[0087] Subsequently, an operationrequestfrom acon-
trol switch 4a will be ignored to prevent the electric blower
10 from operating (S51).

[0088] When a determination is made in S49 that the
number of stops does not reach the predetermined
number of times (NO in S49), the electric blower 10 is
placed in a normal wait state (S52).

[0089] This state is the same state in which the stop
button is pressed.

[0090] In the second example of the present spark
detection and control, when the number of stops does
not reach a predetermined number of times, the opera-
tion of the electric blower is resumed. When a spark oc-
curs, the operation momentarily stops, but the operation
is resumed. Thus, the second example improves con-
venience and prevents smoking and ignition from occur-
ring in the electric blower.

(Third example of spark detection and control)

[0091] Unlike the second example which stores the
number of operation stops, the third example of the
present spark detection and control erases the number
of operation stops stored in the memory when normal
operation is determined.

[0092] By referring to Fig. 18, the third example of the
spark detection and control will be described.

[0093] The third example of the present spark detec-
tion and control detects a spark in the same manner as
in the steps S1 to S6 of the first example of the first em-
bodiment illustrated in Fig. 4.

[0094] A determination is made as to whether a spark
is detected and the operation of the electric blower is
stopped or not (S61).

[0095] When no spark is detected and the operation
is not stopped (NO in S61), a determination is made as
to whether the operation is normal operation or not (S62).
[0096] When the electric blower is in operation for 30
to 60 seconds without an error, the operation is deter-
mined to be normal.

[0097] When the operation is determined to be normal
(YES in S62), the stop count is cleared to zero (S63).

[0098] After the count is cleared, the process returns
to S61.
[0099] Meanwhile, when a determination is made in

S61 that a spark is detected and the operation of the
electric blower is stopped (YES in S61), the steps S64
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to S68, which are the same as the steps S48 to S52 in
the second example, are executed.

[0100] When a determination is made in S62 that the
electric blower is not in normal operation (NO in S62),
the process returns to S61.

[0101] In the third example of the present spark detec-
tion and control, when the electric blower returns to nor-
mal, the count is cleared; and when a spark occurs, the
operation momentarily stops, but the operation is re-
sumed. Thus, the third example improves convenience
and prevents smoking and ignition from occurring in the
electric blower.

[0102] The electric vacuum cleaner according to the
second embodiment of the present invention is free from
misdetection to ensure reliable and stable error detec-
tion; not only detects a spark caused by the friction be-
tween the commutator and the carbon brush of the elec-
tric blower and stops the operation of the electric blower
but also after the operation is stopped, activates a control
apparatus to control the electric blower to prevent smok-
ing and ignition from occurring in the electric blower; and
is ease of use.

"Electric vacuum cleaner according to third embodiment"

[0103] Now, the electric vacuum cleaner according to
the third embodiment of the present invention will be de-
scribed.

[0104] The electric vacuum cleaner according to the
third embodiment has the same configuration as that of
the electric vacuum cleaner according to the first embod-
iment.

[0105] The spark detection and control by the control
circuit of the electric vacuum cleaner according to the
third embodiment will be described.

[0106] Based on Fig. 19, the spark detection and con-
trol of the electric vacuum cleaner according to the third
embodiment will be described.

[0107] Note that like an ordinary electric blower, when
the electric blower 10 is activated, the rate of spark oc-
currence is high and then the rate tends to be lowered.
[0108] The electric vacuum cleaner 1 is used and the
electric blower 10 is activated (S71).

[0109] Spark detection is performed (S72).

[0110] The spark detection is performed in the same
manner as in the steps S1 to S6 of the first example of
the first embodiment illustrated in Fig. 4.

[0111] The control unit 32 stores the absolute value of
the difference between the estimated value Ine and the
measured value In in a storage unit of the control unit 32
as a detection value (spark amount) based on the spark
detection information.

[0112] Afterthe electric blower 10 is activated, the con-
trol unit 32 detects whether the predetermined time has
elapsed or not (S73).

[0113] Fig. 20 is a correlation graph between an op-
erating time and a spark amount after the electric blower
is activated. As illustrated in Fig. 20, the predetermined
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time is set to, for example, two minutes when the spark
amount becomes stable two minutes after the activation.
[0114] When the predetermined time has not elapsed
since the activation (NO in S73), a determination is made
as to whether or not the detection value is equal to or
greater than the first predetermined value (S74).

[0115] Note that the predetermined value is deter-
mined by experiment as follows.

[0116] The time from when the electric blower is acti-
vated to when the spark amount becomes stable and the
spark amount are measured. The measurements are
confirmed on a plurality of electric blowers. From these
experiments, the highest spark amount at activation, the
time taken until the spark amount becomes stable, and
the spark amount are obtained and multiplied by a safety
factor to set the predetermined value.

[0117] Here, the first predetermined value is obtained
by multiplying a maximum detection value illustrated in
Fig. 20 by a safety factor (for example, 1.1) for preventing
malfunction.

[0118] When the detection value is equal to or greater
than the first predetermined value (YES in S74), the con-
trol unit 32 stops the operation of the electric blower 10
(S75).

[0119] When the detection value is equal to or greater
than the first predetermined value, it indicates that within
the predetermined time after the activation, a spark has
occurred by the friction between the commutator 23 and
the carbon brush 26 in the electric blower 10. Thus, the
control unit 32 stops the operation of the electric blower
10 to prevent smoking and ignition from occurring in the
electric blower 10.

[0120] When a determination is made in S73 that the
predetermined time has elapsed since the activation
(YES in S73), a determination is made as to whether or
not the detection value is equal to or greater than the
second predetermined value (S76).

[0121] Here, the second predetermined value is ob-
tained by multiplying a stable value illustrated in Fig. 20
by a safety factor (for example, 1.4) for preventing mal-
function.

[0122] When the detection value is equal to or greater
than the second predetermined value (YES in S76), the
control unit 32 stops the operation of the electric blower
10 (S75).

[0123] When the detection value is equal to or greater
than the second predetermined value, it indicates that
during stable operation after the predetermined time has
elapsed since the activation, a spark has occurred by the
friction between the commutator 23 and the carbon brush
26 in the electric blower 10. Thus, the control unit 32
stops the operation of the electric blower 10 to prevent
smoking and ignition from occurring in the electric blower
10.

[0124] When a determination is made in S74 that the
detection value is not equal to or greater than the first
predetermined value (NO in S74), the process returns to
S72, in which the spark detection is repeatedly per-
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formed.

[0125] When a determination is made in S76 that the
detection value is not equal to or greater than the second
predetermined value (NO in S76), the process returns to
S72, in which the spark detection is repeatedly per-
formed.

[0126] Thus,the statein which adeterminationis made
in S74 and S76 that the detection value is not equal to
or greaterthan the firstand second predetermined values
respectively indicates that a spark does not occurs by
the friction between the commutator 23 and the carbon
brush 26 in the electric blower 10. Thus, the control circuit
30 allows the electric blower 10 to continue operating.
[0127] Note thatFig. 20 is a correlation graph between
an operating time and a spark amount after activation of
an electric blower, where the first setting value and the
second setting value are determined for each classifica-
tion of power supply voltage as illustrated in Fig. 21. For
example, for AC90V < the power supply voltage <
AC100V, the first setting value is C1, while the second
setting value is C2.

[0128] These setting values may be changed for each
classification of the power supply voltage as described
above, for each operating mode of the electric blower as
described in the first embodiment, for each frequency of
the power supply, or a combination thereof.

[0129] Note that the third embodiment specifies two
setting values: a first setting value and a second setting
value lower than the first setting value, but the setting
values may further include a third setting value lower than
the second setting value, and further may include a plu-
rality of setting values. Note also that the power supply
is not limited to an AC power supply, but may be a cord-
less charging system.

[0130] As described above, according to the present
electric vacuum cleaner, within a predetermined time
since the activation of the electric blower, when the de-
tection value based on the spark detection information
from the spark detector is greater than the first predeter-
mined value, the electric blower is subject to control such
as stop; and after the predetermined time has elapsed,
when the detection value is greater than the second pre-
determined value lower than the first predetermined val-
ue, the electric blower is subject to control such as stop.
[0131] Therefore, unlike the conventional method in
which one large predetermined value is set within a pre-
determined time and thus the electric blower cannot be
stopped by detecting a spark failure at stable operation
or one small predetermined value is set at stable opera-
tion and thus the electric blower is stopped although the
electric blower is operating normally at activation, the
present electric vacuum cleaner of the third embodiment
does not stop the normally operating electric blower, de-
tects a spark caused by the friction between a commu-
tator and a carbon brush in the electric blower, and stops
the operation of the electric blower to prevent smoking
and ignition from occurring in the electric blower.
[0132] Thus, the present electric vacuum cleaner of
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the third embodiment does not stop the normally operat-
ing electric blower, detects a spark caused by the friction
between a commutator and a carbon brush in the electric
blower, and stops the operation of the electric blower to
prevent smoking and ignition from occurring in the elec-
tric blower, thereby achieving a reliable electric vacuum
cleaner.

Claims
1. An electric vacuum cleaner comprising:

a dust collecting chamber disposed in a vacuum
cleaner body; an electric blower that causes a
suction negative pressure to act on the dust col-
lecting chamber; a spark detector that detects a
spark caused by friction between a commutator
and a carbon brush of the electric blower; and
a control unit that controls the electric blower
based on spark detection information from the
spark detector, wherein

the spark detector calculates a difference be-
tween a previous value and a most recent value
of sampled values, and estimates a next value
from the difference; and when an absolute value
of a difference between an estimated value and
a measured value is greater than a predeter-
mined value, the control unit stops operation of
the electric blower.

2. The electric vacuum cleaner according to claim 1,
wherein the absolute value of the difference between
the estimated value and the measured value is inte-
grated a predetermined number of times, and when
an integrated value is greater than the predeter-
mined value, the operation of the electric blower is
stopped.

3. The electric vacuum cleaner according to claim 2,
wherein the spark detector performs sampling for
each of a plurality of frequency of the power supplies
and averages integrated values for each frequency
of the power supply.

4. The electric vacuum cleaner according to any one
of claims 1 to 3, wherein the spark detector performs
sampling when power is supplied to the electric blow-
er.

5. The electric vacuum cleaner according to any one
of claims 1 to 4, further comprising a power supply
voltage detector that detects a power supply voltage,
wherein according to a voltage detected by the pow-
er supply voltage detector, the predetermined value
is changed.

6. The electric vacuum cleaner according to any one
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of claims 1 to 4, further comprising a plurality of op-
erating modes, wherein according to an operating
mode, the predetermined value is changed.

The electric vacuum cleaner according to any one
of claims 1 to 4, further comprising a power supply
frequency detector that detects the frequency of the
power supply, wherein according to a frequency de-
tected by the power supply frequency detector, the
predetermined value is changed.

The electric vacuum cleaner according to claim 1,
wherein

when the difference between the estimated value
and the measured value is greater than the prede-
termined value, the spark detector determines that
a spark occurs; and

the control unit stops the operation of the electric
blower, and after the operation of the electric blower
is stopped, prevents reactivation of the electric blow-
er.

The electric vacuum cleaner according to claim 8,
wherein when the spark detector determines spark
occurrence, the control unit stops the operation of
the electric blower and enables the electric blower
to continue operating until the number of stops
reaches a predetermined number of times.

The electric vacuum cleaner according to claim 9,
wherein evenif the electric blower momentarily stops
due to spark occurrence, when the electric blower
returns to normal, the stored stop count is cleared.

The electric vacuum cleaner according to any one
of claims 8 to 10, further comprising a notification
apparatus that detects spark occurrence and notifies
that the electric blower stops.

The electric vacuum cleaner according to claim 1,
wherein

the predetermined value comprises a plurality of pre-
determined values;

within a predetermined time from the activation of
the electric blower, a first predetermined value is set;
and

after the predetermined time has elapsed, a prede-
termined value lower than the first predetermined
value is set.

The electric vacuum cleaner according to claim 12,
wherein the plurality of predetermined values is set
for each operating mode of the electric blower; and
the predetermined value is changed by switching the
operating mode.

The electric vacuum cleaner according to claim 12,
wherein the plurality of predetermined values is set

10

15

20

25

30

35

40

45

50

55

10

EP 2 387 929 A1

15.

18

for each frequency of the power supply; the frequen-
cy of the power supply is detected; and based on the
detected results, the predetermined value is
changed.

The electric vacuum cleaner according to claim 12,
further comprising a power supply voltage detector
which detects a power supply voltage value, wherein
the plurality of predetermined values is set for each
classification of power supply voltage; and the pre-
determined value is changed for each classification
of the voltage detected by the power supply voltage
detector.
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