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[51] ABSTRACT 
In a vacuum cleaner comprising an electric blower and 
a speed control unit to operate the electric blower at a 
variable speed, a plurality of kinds of operation control 
rules of the electric blower are previously stored in the 
speed control unit, a load current value of the electric 
blower is continuously detected during the cleaning and 
the type of the surface to be cleaned is estimated from 
the load current value. Thereafter, the operation con 
trol rule suitable for the estimated cleaning surface is 
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METHOD AND APPARATUS FOR OPERATING 
VACUUM CLEANER 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 

The present invention relates to a method of operat 
ing a vacuum cleaner and, more particularly, to a 
method and apparatus for operating a vacuum cleaner 
which is optimally operated in accordance with the 
surface to be cleaned or the clogging state of the 
cleaner. 

In a general vacuum cleaner, the input to the vacuum 
is constant with respect to an air flow rate irrespective 
of the type of surface to be cleaned. Therefore, the 
optimum control or the control which is comfortable to 
the user cannot be performed depending on the surface 
to be cleaned or object to be cleaned because the suc 
tion force is constantly too strong or weak. 

This problem can be solved by, for instance, contoll 
ing the input in accordance with the type of surface to 
be cleaned, thereby adjusting the air flow rate of the 
vacuum cleaner. For adjusting the air flow rate of the 
vacuum cleaner, means for variably setting the rota 
tional speed of the electric blower for creating the suc 
tion is ?rst considered. Controlling the phase by using a 
thyristor or an inverter are known methods of varying 
the rotational speed of the electric blower. 
The vacuum cleaner disclosed in .lP-A-59-l46632 

belongs to the former method, in which the operating 
mode can be selected in accordance with the states of 
various kinds of floor surfaces to be cleaned. 
According to the vacuum cleaner disclosed in J P-A 

56-34325, it is detected that a suction port is sealed to 
the cleaning surface or that a ?lter is clogged, and thus, 
the rotational speed of the motor is controlled in accor 
dance with a predetermined operation control rule 
(hereinafter, simply referred to as a control rule). 
The foregoing Japanese official gazette (JP-A69 

146632) discloses that the operating mode can be se 
lected in accordance with the air flow rate. However, 
various kinds of operating modes are set merely by 
adjusting an input by phase control and nothing is dis 
closed with respect to the optimum operation being 
performed by changing the fundamental characteristic 
of the electric blower itself. The electric blower consist 
ing of an AC commutator motor which is used in a 
general vacuum cleaner has a performance characteris 
tic as shown in FIG. 3. In the case of cleaning a bare 
floor surface by such a motor, when the suction port of 
the vacuum cleaner is sealed to the bare floor surface, 
the air flow rate Q decreases and a rotational speed N of 
the electric blower increases and the sealing force fur 
ther increases, so that appropriate cleaning cannot be 
performed. Even if the input of the electric blower is 
reduced by phase control to change the characteristic as 
shown by a broken line in FIG. 3, no change occurs in 
the performance characteristic such that the rotational 
speed N increases with a decrease in air fow rate 
amount Q. Consequently, the suction port is sealed on 
the side of a small air flow rater similarly to the above 
mentioned case and the comfortable cleaning cannot be 
performed. 
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2 
According to the control system of JP-A-56-34325 

above, control is performed in accordance using a pre 
determined control rule with a ?xed function or gain so 
as to be proportional or inversely proportional to a 
change amount (for instance, air flow rate of an operat 
ing parameter, pressure, current, etc.) of the cleaner 
which changes depending on the use of the cleaner. 
Therefore, when the operating parameter changes, an 
inconvenience occurs and the control system attempts 
to compensate for the inconvenience. 
Such an inconvenience will now be described with 

reference to suction characteristic graphs shown in 
FIG. 12. In FIG. 12, the abscissa denotes the air flow 
rate Q and the ordinate indicates the rotational speed N, 
an electric power W, and a suction static pressure H of 
the electric blower. For instance, it is now assumed that 
the control rule is set such that when it is detected 
through an increase in suction static pressure H, that a 
curtain or the like is sucked into the suction port and the 
cleaner appears to be in a closed state, the rotational 
speed N or electric power W is controlled so as to 
reduce the suction static pressure Ii as shown by a bro 
ken line in the diagram, thereby preventing the sucking 
in of the curtain or the like. However, when the suction 
port is sealed to the carpet floor and a strong suction 
force is required the electric blower is controlled by the 
control system to reduce the suction force in a manner 
similar to the foregoing case, so that the necessary suc 
tion force to vacuum the carpet is not derived. 
On the other hand, it is desirable to control the suc 

tion force and noises by performing such control in 
accordance with the wishes of a user or various kinds of 
use conditions such as difference between the physical 
strengths of persons who use (adult and child) the vac 
uum or the time of use. However, there is a problem 
such that it is impossible to perform such a proper con 
trol by a single control rule as in the conventional tech 
mque. 

SUMMARY OF THE INVENTION 

It is a main object of the present invention to provide 
a method of operating a vacuum cleaner in which the 
suction strength is optimally controlled in accordance 
with the surface to be cleaned in consideration of the 
foregoing problems. 
Another object of the invention is to provide a vac 

uum cleaner which can solve the inconvenience caused 
by the conventional technique of controlling the vac 
uum system on the basis of a fixed control rule and 
which can control the operation by an appropriate con 
trol rule depending on the use conditions, favor of a 
user, or the like. 
The main object is accomplished by a vacuum 

cleaner having an electric blower and a speed control 
unit to operate the electric blower at a variable speed, 
wherein a plurality of operation control rules are previ 
ously stored in the speed control unit, a load current 
value of the electric blower is continuously detected 
during the cleaning, the surface to be cleaned is esti~ 
mated from the load current value, the appropriate 
operation control rule suitable for the estimated clean 
ing surface is selected from the operation control rules 
which have previously been stored in the speed control 
unit, and the electric blower is driven on the basis of the 
selected operation control rule. 
According to the above operating method, a range of 

?uctuation the load current of the electric blower of the 
vacuum cleaner changes depending on for example, the 
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cleaning surface and degree of clogging of the ?lter, so 
that the cleaning surface or the clogging state can be 
detected from the ?uctuating range of the load current. 

Therefore, operating the electric blower by in accor 
dance with an appropriate operation control rule as to 
give the electric blower an operating characteristic 
suitable for the condition of the cleaning surface or the 
clogging state detected, optimum control can be ob 
tained for cleaning various kinds of different surfaces. 

Further, the other object of the invention mentioned 
above is accomplished by a vacuum cleaner having an 
electric blower to collect dust in a dust collecting cham 
ber through a suction port by way of negative suction 
pressure and blower control means for controlling a 
rotational speed of the electric blower, wherein the 
vacuum cleaner comprises: a plurality of control rule 
generating means for generating control rules to specify 
the correlations of various operating parameters of the 
cleaner, switching means for selecting one of the con 
trol rule generating means; and signal processing means 
for outputting a control signal to the blower control 
means so as to make the detected operating parameter 
of the cleaner coincide with the objective value on the 
basis of the control rule selected by the switching 
means. 

With the above construction, the control rule gener 
ating means of the control rule associated with the use 
of the vacuum is selected by the switching means. Thus, 
the operational parameters (air ?ow rate, pressure, cur 
rent, rotational speed, and the like) of the cleaner are 
automatically adjusted in accordance with the control 
rule and accordingly the suction performance or noise 
control according to the particular use of the vacuum or 
desire of the user can be realized. When the use condi 
tion of the vacuum is changed, for instance, from a 
carpet floor to a curtain or the like, the cleaner can 
easily cope with such a change by switching the control 
rule generating means. The inconvenience of the con 
ventional technique which utilizes a single control rule 
is thus solved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a control block diagram of a vacuum 
cleaner drive apparatus showing an embodiment of the 
present invention; 
FIG. 2 is a block diagram showing mainly a control 

section of an electric blower; 
FIG. 3 is a performance curve diagram of the electric 

blower; 
FIG. 4A and 4B are change state diagrams of a load 

current of the electric blower depending on the state of 
the surface to be cleaned; 
FIGS. 5 to 9 are performance curve diagrams of the 

electric blower due to the difference of operation con 
trol rule; 
FIG. 10 is a block arrangement diagram of a main 

section in an embodiment of the present invention; 
FIG. 11 is a whole arrangement diagram of the em 

bodiment of FIG. 10; 
FIGS. 12 to 15 are diagrams showing objective value 

functions according to the control rules in the embodi 
ment shown in FIG. 10; 
FIG. 16 is a flowchart showing a processing proce 

dure of a signal processing apparatus in the embodiment 
of FIG. 10; 
FIG. 17 is an external view of a switching apparatus 

in the embodiment of FIG. 10; 
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4 
FIG. 18 is an external view showing a modi?cation of 

a switching apparatus; 
FIG. 19 is a block arrangement diagram of a use 

section in another embodiment of the invention; and 
FIG. 20 is an external view of a main section in the 

embodiment of FIG. 19. 

DESCRIPTION OF- THE PREFERRED 
EMBODIMENTS 

An embodiment of the present invention will be de 
scribed hereinbelow with reference to FIGS. 1 to 9. 

In a general vacuum cleaner, an AC commutator 
motor has conventionally been used as a motor of an 
electric blower. In recent years, a variable speed con 
trol system using a phase control unit is frequently used 
in order to realize a high rotational speed and to adjust 
the suction power in accordance with the kind of sur 
face (boarding, tatami, carpet etc.) to be cleaned. As 
another means for performing variable speed control, 
there has been known a system consisting of a combina 
tion of an inverter control unit and a brushless DC 
motor, an induction motor, a reactance motor, or a 
hysteresis motor. The present embodiment which will 
be explained hereinafter uses the variable speed control 
system in which the inverter control unit and brushless 
DC motor are combined. 
FIG. 1 is a block diagram showing 5 schematic ar 

rangement of the control unit. FIG. 2 shows a control 
circuit. 

In FIG. 2 reference numeral 1 denotes an inverter 
control unit and 2 indicates an AC power source. The 
AC power source 2 is recti?ed by a recti?er 3 and 
smoothed by a capacitor 4 and a DC voltage Ed is sup 
plied to an inverter 5. The inverter 5 is a 120° current 
supplying type inverter comprising transistors TR] to 
TR? and fly wheel diodes D1 to D6 connected to the 
transistors. The current supplying period of time (elec 
trical angle of 120°) of the transistors TR] to TR; on the 
positive potential side of the DC voltage Ed is pulse 
width modulated and the chopper operation is exe 
cuted, thereby controlling the AC output voltage. A 
resistor R1 is connected between a common emitter 
terminal of the transistors TR4 to TR‘, and a common 
anode terminal of the ?ywheel diodes D4 to D6. 
A brushless DC motor 6 has a rotor R consisting of 

permanent magnets of two polarities and armature 
windings U, V, and W. A load current 14 ?owing 
through the windings U, V, and W can be detected as a 
voltage drop of the resistor m. 
A control circuit to control the rotational speed of 

the motor 6 comprises: a microcomputer 7; a magnetic 
pole position detecting circuit 11 to dectect the mag 
netic pole position of the rotor R by recieving an output 
from a hall device 8; a current detecting circuit 12 to 
detect the value of the load current ldfrom the voltage 
drop of the resistor R1; a base driver 13 to drive the 
transistors TR] to TR6; and a start switch 14 which is 
operated by an actual user. 
The current detecting circuit 12 receives the voltage 

drop of the resistor R1 and detects the load current 14 
and forms a current detection signal 128 by an A/D 
converter or the like. 
The microcomputer 7 includes a CPU 7-1, a ROM 

7-2, and a RAM 7-3. Although not shown, the CPU, 
ROM, and RAM are mutually connected by an address 
bus. a data bus, a control bus, and the like. Programs 
necessary to drive the brushless DC motor 6, for in 
stance, a fetching process of an arithmetic operation 



5 
processing speed command of a speed, a speed control 
process, and the like are stored in the ROM 7-2. The 
ROM 7-2 has a function table 15 in which a plurality of 
operation control rules are stored. 
On the other hand, the RAM 7-3 is used to read and 

write various kinds of external data necessary to cite 
cute various programs stored in the ROM 7-2. 
The transistors TR] to TR6 are respectively driven by 

the base driver 13 in accordance with a ?ring signal 75 
which was processed and produced by the microcom 
puter 7. A voltage command circuit 16 produces a 
chopper signal. 

In the brushless DC motor 6, a winding current flow 
ing through a stator winding corresponds to an output 
torque of the motor 6. Therefore, by changing an ap 
plied current, the output torque can be varied. That is, 
by adjusting the applied current, the output torque of 
the motor 6 can be continuously changed. On the other 
hand, the rotational speed can be freely changed by 
changing a driving frequency of an inverter. 
FIG. 3 shows characteristic curves of a vacuum 

cleaner using an electric blower having a general oper 
ating characteristic. In FIG. 3, an axis of abscissa de 
notes an air ?ow rate Q (m3/min) and an axis of ordinate 
represents a suction power Pour indicative of the suction 
performance, the rotational speed N of the electric 
blower, and the load current 1,; thereof. 

For instance, when a bare floor surface is cleaned, the 
degree of sealing of the suction port rises and the air 
?ow rate Q decreases. When the suction port is away 
from the floor surface, the air ?ow rate Q increases. 
Since the suction port is repetitively sealed to and re 
moved from ?oor during the actual cleaning, the in 
crease and decrease in the load current 14 and rotational 
speed N are repeated. FIGS 4(a) and 4(b) show ?uctuat 
ing states of the load current 1,; during cleaning. FIG. 
4(a) shows the ?uctuating state of the load current Id on 
the bare ?oor surface. FIG. 4(b) shows the ?uctuating 
state of the load current 14 on carpet. As will be obvious 
from the diagrams, in the ?uctuating range of the load 
current 15, the maximum value In on the bare floor 
surface and the maximum value 113 on the carpet have 
almost the same values. The minimum value In on the 
bare floor surface is smaller than the minimum value I“ 
on the carpet. Therefore, the ?uctuating range of the 
load current 14 on the carpet is smaller than that on the 
bare floor surface. This is because air leaks through the 
carpet pile, so that the suction port is not so strongly 
sealed to the carpet as compared with the bare floor 
surface as such, a reduction in air ?ow rate on the car 
pet is small, a decrease in load current I,- is small, and 
the ?uctuating range of the load current his small. 
As mentioned above, the ?uctuation range of the load 

current of the electric blower in the vacuum cleaner 
varies depending on the surface to be cleaned or the 
like. Therefor, for instance, by storing the maximum 
and minimum values (In and 113; I11 and I“; and the 
like) of the load current 14 into the ROM 7-2 or RAM 
7-3 and by comparing the ?uctuation ranges of the load 
current Id when the electric blower ia actually oper 
ated, the cleaning surface can be estimated. In a manner 
similar to the above, the cleaning surface can be also 
estimated by detecting the rotational speed of the elec 
tric blower. However, since a change in the rotational 
speed is delayed due to inertia, there is a problem in that 
it is impossible to cope with an instantaneous change in 
cleaning surfaces during cleaning. 
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When detecting the cleaning surface, if the character 

istic of the electric blower is set to a characteristic as 
shown in FIG. 5, the cleaning surface can be more 
accurately estimated because the ratio of the change in 
load current to the change in torque of the electric 
blower is larger than that of the characteristic shown in 
FIG. 3, for example. 

If the characteristic of the electric blower according 
to the state of the cleaning surface is set to the charac 
teristic as shown in FIG. 3, when the suction port is 
sealed to the bare ?oor surface and the air ?ow rate Q 
decreases, the rotational speed N of the electric blower 
increases and the sealing force further increases, so that 
operating efficiency deteriorates. In the case of cleaning 
a curtain or the like, the operating efficiency further 
deteriorates. 

Therefore, in the case of the ?oor plate surface, if the 
electric blower has the performance characteristic as 
shown in FIG. 5, which is known as a shunt-wound 
characteristic even if the suction port is sealed to the 
surface, the rotational speed N is constant, so that the 
sealing force does not increase and the operating ef?e 
ciency does not deteriorate. In the case of the curtain, if 
the electric blower has a characteristic as shown in 
FIG. 6 which is opposite to the characteristic shown in 
FIG. 3, the curtain is not sealed to the suction port even 
during the cleaning of the curtain and thus comfortable 
cleaning can be executed. 
However, in the case of a carpet, particularly, a car 

pet having long carpet pile, since the air leaks through 
the carpet pile, the suction port is not sealed to the 
carpet. Thus, the cleaner can be operated at the maxi 
mum power. 
As shown in FIG. 7, if the characteristic of the elec 

tric blower is set in a manner such that even if the air 
?ow rate Q decreases, the ?uctuating range of the load 
current 1,; is small and an increase amount of the rota 
tional speed N is set to be larger than that of the charac 
teristic of FIG. 3, that is, if it is set to a characteristic so 
as to provide more power than that of the electric 
blower having an ordinary performance characteristic, 
a desired cleaning performance can be obtained. FIG. 8 
shows characteristics of the electric blower which are 
suitable for four typical cleaning surfaces such as a bare 
floor, tatami (Japanese mat), carpet, and curtain, respec 
tively. 
FIG. 9 shows a characteristic in which the cleaner 

can be operated in a power saving mode. When the 
wind amount is large, that is, when the suction port is 
away from the cleaning surface and is open, or on the 
contrary, when the suction port is sealed to the cleaning 
surface or when a curtain, a paper, or the lie is stuck to 
the suction port, or the like, thereby creating a state in 
which no dust is actually absorbed, the input is reduced 
to thereby prevent consumption of electric power in a 
power saving mode. The characteristic can also be 
changed depending on a condition such as a type of user 
(adult, child), time of use (day, night), or the like. 

In order to obtain the electric blower characteristics 
according to the various kinds of cleaning surfaces and 
the cleaning conditions mentioned above, the foregoing 
various kinds of operation control rules of the electric 
blower are ?rst stored into the ROM 7-2 of the mi 
crocomputer 7, the optimum operation control rule is 
automatically selected from the operation control rules 
on the basis of the result of the estimation of the clean 
ing surface by the detection of the load current, and the 
electric blower is operated and controlled by the se 
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lected operation control rule. Thus, the user can easily 
perform cleaning. 
As a method of selecting the optimum operation con 

trol rule by automatically detecting the type of floor 
surface or cleaning state, the more accurate detection 
and discrimination can be performed by a method 
whereby the characteristic of the electric blower is 
switched to the performance characteristic at of FIG. 5 
predetermined periods, the ratio of the current change 
to the load change is set to a large value, detection and 
discrimination are executed, the optimum operation 
control rule is selected, the operation control rule is 
executed, and the above procedure is sequentially re 
peated. 
On the other hand, the user can also manually switch 

and select a desired operation control rule of the elec 
tric blower on the basis of a desired characteristic. 

According to the embodiment, the following advan 
tages can be expected. 

(1) The load current of the electric blower is continu 
ously detected during cleaning, a cleaning surface or a 
cleaning object is estimated based on a change in load 
current over a predetermined time, the operation con 
trol rule most suitable for the estimated condition is 
selected, and the blower can be operated and controlled 
on the basis of the selected operation control rule. 

(2) By setting the characteristic performance of the 
electric blower to the performance characteristic 
shown in FIG. 5 when detecting the load current of the 
electric blower, a change ratio of the load current due 
to a change in cleaning condition increases. Therefore, 
the type of cleaning surface can be further accurately 
estimated. In addition, various kinds of cleaning sur 
faces can be distinguished. 

(3) The period of time to detect the current change 
mode is set to a short time by switching the characteris 
tic of the electric blower to the performance character 
istic of FIG. 5 and the detection is repeated at predeter 
mined periods. Thus, the cleaning perfromance can be 
detected quickly without obstructing the operation by 
the optimum operation control rule to be inherently 
controlled. Further, the operation control rule to be 
selected is updated while checking the change in clean 
ing performance at each perdetermined period. There 
fore, optimum operating performance can always be 
accomplished. 

(4) The electric blower which is operated and con 
trolled by the operation control rule selected based on 
the cleaning surface estimated is operated and con 
trolled not only by conventional phase control but also 
by the performance characteristic of the electric blower 
itself, for instance, the performance characteristics such 
as those illustrated in FIGS. 3 and 5 which are appropri 
ate for a given cleaning surface. The optimum operating 
condition can thus be realized. 
Another embodiment of the invention will now be 

described with reference to FIGS. 10 to 20. 
As shown in FIG. 11, a cleaner main body 21 consists 

of a main body casing 22 and a dust collector casing 23. 
An electric blower 24 and a control unit 25 are assem 
bled in the casing 22. The dust collector casing 23 is 
partitioned by a dust ?lter 26. The dust collector casing 
23 is communicated with a suction port 29 through a 
hose 2'! and an extension pipe 28. 
The control unit 25 is constructed as shown in FIG. 

10. An AC voltage which is supplied from an AC 
power source 30 is converted into a voltage for each of 
the apparatuses in the cleaner by a power supply appa 
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ratus 31. An electric power is supplied from the power 
supply apparatus 31 to the electric blower 24 through a 
blower control unit 32. The blower control unit 32 
controls a current, a rotational speed, a voltage, etc. of 
the electric blower 24 on the basis of control amount 
signals which are output from a command generating 
apparatus 33. The command generating apparatus 33 
comprises: a plurality of memories 34 (34a, 34b, 34c, 34d 
) serving as control rule generating means in which 
control rules (objective value functions and the like) are 
stored; a switching apparatus 35 to select one of the 
memories 34; and a signal processing apparatus 36 for 
performing a predetermined signal process on the basis 
of the objective value function or the like which is 
given from the selected memory 34 and for outputting a 
control signal for the electric blower 24. An operating 
parameter signal of the cleaner which was detected by 
a detecting apparatus 37 is input to the signal processing 
apparatus 36. The detecting apparatus 37 detects vari 
ous kinds of parameters such as voltage, current, and 
rotational speed which vary depending on the operating 
condition of the electric blower 24, or pressure, air ?ow 
rate, and the like in the respective sections of the vac 
uum cleaner main body. Then, the detecting apparatus 
37 inputs the detected parameter value to the signal 
processing apparatus 36. 
The control rules such as objective value functions 

and the like in which the correlation among various 
kinds of operating parameters of the cleaner shown in 
FIGS. 3 to 6 are set are stored in the memories 34a to 
34d, respectively. The signal processing apparatus 36 
outputs a control amount command value to the blower 
control unit 32 so as to make the detection state amounts 
which are input from the detecting apparatus 37 coin 
cide with the objective values which are determined in 
accordance with the control rule. 
Each of the memories 34 can be constructed by an 

analog electric circuit to generate the signal of the ob 
jective value function or the like according to the con 
trol rule or can be also realized by what is called a 
digital memory consisting of a semiconductor inte 
grated circuit to store a program software or data val 
ues by combining with a microcomputer. The signal 
processing apparatus 36 in the embodiment can be con 
structed with a microcomputer. 
The operation of the embodiment with the foregoing 

construction will now be described. The case where a 
control rule shown in FIG. 12 is selected by the switch 
ing apparatus 35 will now be described as an ample. 
FIG 12 shows a control rule suitable for the case where 
there are many cleaning surfaces which are likely to be 
sealed to the suction port 29, such as in the case of a 
curtain, a newspaper, or the like. As shown in the dia 
gram, when the air flow rate Q in the suction port sec 
tion decreases by a great amount the sealing of the 
cleaner is set to a state near the closed state, the electric ‘ 
power W is reduced as shown by a broken line in the 
diagram, thereby reducing the suction static pressure H 
to prevent the sealing off. 

In other words, as shown in FIG. 12, when the air 
flow rate Q enters the operating range of point P or less, 
the degree of sealing of the suction port is detected and 
the electric power W is decreased as indicated by the 
broken line shown in the diagram, thereby reducing the 
suction static pressure H. 
The air flow rate Q is detected by the following 

method. In consideration of the fact that the air flow 
rate Q correlates to the current of the electric blower 24 
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and the current is proportional to the electric power W, 
the flow rate Q can be detected by the current value, 
since the electric power W decreases with a reduction 
of the air ?ow rate Q as indicated by the solid line 
shown in FIG. 3. Therefore, and objective value func 
tion regarding the current is previously stored into the 
memories 34 and compared with the current detection 
value which is input from the detecting apparatus 37. A 
voltage command value for the electric blower 24 is 
determined so as to obtain the characteristic shown by 
the broken line in FIG. 12 and is output to the blower 
control unit 32. An example to the signal processing 
procedure will now be described with reference to 
FIG. 16. In step 102 in FIG. 16, the current detection 
value is fetched. The current detection value is com 
pared with upper and lower limit values which have 
previously been stored in the memory 34 in steps 104 
and 108, thereby deciding whether the air flow rate Q 
has entered the operating range of point P or less in 
FIG. 12 or not. At the same time, the voltage command 
value corresponding to the operating range is output to 
the blower control unit 32 (step 112). If the current 
detection value is equal to the lower limit value or less, 
the present lower limit value is set to the upper limit 
value in step 110, the lower limit value is rewritten to a 
further lower value which is lower by a predetermined 
value, and the voltage command value is set to lower 
value on the basis of the rewritten lower limit value. By 
repeating the above processes, the electric power W is 
reduced in accordance with the reduction of the air 
?ow rate Q, the increase in suction static pressure H is 
suppressed, the sealing force of the suction port is re 
duced, and thereby enabling dust to be easily removed 
from a curtain or the like without sticking the curtain to 
the suction port. 

If the seal is released, the flow rate Q increases and 
the current also increases due to the increase in air flow 
rate. Therefore, in a manner opposite to the foregoing 
procedure, the upper limit value is sequentially rewrit 
ten in step 106 and the electric power W or the like is 
increased in accordance with the characteristic shown 
by the broken line in FIG. 12. 
The solid line shown in the characteristic diagram of 

FIG. 12 or the like denotes the characteristic in the case 
where a commutator motor is used as the electric 
blower 24 and operated at a predetermined voltage. 
According to the processing procedure of FIG. 16, a 

step-like control method consisting of a plurality of 
intervals is executed for the range from point P to the 
point at which the air flow rate Q is 0. The smooth 
operating characteristic can be obtained as a whole as 
shown by the broken lines. 
The detected parameter in step 102 of FIG. 16 is not 

limited to the current. The air flow rate Q or suction 
static pressure H can be detected by using a ?ow rate 
sensor or a pressure sensor and the control can be per 
formed on the basis of the detected air flow rate or 
auction static pressure. 
The controlled value is not limited to the voltage. 

The rotational speed can be also directly controlled by 
using an inverter or the like. ' 
A control rule shown in FIG. 13 is suitable in the case 

where there are many cleaning surfaces which require a 
strong suction force, such as in the case of a carpet or 
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the like. In FIG. 13, solid lines indicate the relations of 65 
operating parameters in ordinary use of the cleaner. 
When the suction port is in contact with the cleaning 
surface and the ?ow rate Q is set on the closed side, 

10 
such a state is detected and the electric power W to be 
consumed is increased as indicated by the broken line 
shown in the diagram, thereby obtaining the strong 
suction force (suction static pressure H). 
A control rule shown in FIG. 14 is suitable for the 

case where the vacuum cleaner is used in a state in 
which the suction port 29 is lifted up in the air, that is, 
for example, in the case where a rest is being taken and 
cleaning is not actually being performed. Since the air 
?ow rate is generally large in such a use state, the elec 
tric power W is reduced as shown by the broken line in 
the diagram within a range which exceeds a predeter 
mined air ilow rate, thereby obtaining advantages such 
as a savings of electric power, reduction in noises, and 
the like. 

In a control rule shown in FIG. 15, even if the air 
flow rate Q changes, the rotational speed N is held 
constant as shown by a broken line in the diagram. In a 
manner similar to the case of FIG. 12, the control rule 
of FIG. 15 is suitable to prevent the absorption to the 
suction port by gradually reducing the consumption of 
electric power W in accordance with a decrease in air 
?ow rate in the case where the suction port is likely 
sealed to the cleaning surface. 
From the viewpoint of the control of the electric 

blower, the control rule of FIG. 15 intends to control 
the rotational speed constant. Therefore, such control 
can also be obtained without performing any special 
control if using a system where the frequency is con 
trolled so as to be constant by using an inverter drive 
motor as a drive motor of the electric blower. That is, 
the above embodiment of the invention has been de 
scribed based on the performance characteristic of an 
AC commutator motor which has conventionally been 
used. However, the invention can be also applied to an 
electric blower having a motor of another drive system. 
In particular, since many of the inverter drive motors 
and brushless motors function to control the rotational 
speed or input/output, the foregoing embodiment of the 
invention can be realized by merely adding a simple 
apparatus. 
As described above, a plurality of different control 

i'ules suitable for different use conditions are provided 
and can be switched and selected. Therefore, control 
can be realized without any convenience. In other 
words, a variety of functions having various kinds of 
operating characteristics can be realized by a single 
vacuum cleaner. 
FIG. 17 is an external perspective view of the cleaner 

main body 21 showing a practical example of the 
switching apparatus 35 in the other embodiment of 
FIG. 10. The switching apparatus 35 consists of a plu 
rality of change-over switches 38 connected electrically 
to the memories 34a to 34d, respectively. A desired 
control rule can be selected by selecting and switching 
the change-over switches 38. 
FIG. 18 shows still another embodiment of the 

switching apparatus 35. When the mechanical change 
over switches 38 are used as in the example shown in 
FIG. 17, if the number of signal lines is large, the assem 
bling and wiring works become complicated. Accord 
ing to the switching apparatus of FIG. 18, ID (identi? 
cation) codes corresponding to the memories 34a to 34d 
are expressed by binary codes of a few bits. A card 39 in 
which holes 40 are formed at the positions of the bits 
corresponding to the binary codes is formed. The card 
39 is exchanged and inserted into the switching appara 
tus 35. The ID codes of the card 39 are read by optical 
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?ber cables or photocouplers (not shown). The electri 
cal connections between the memories 34a to 34d and 
the signal processing apparatus 36 are switched on the 
basis of the read ID codes. The switching circuit can be 
constructed by an integrated circuit or the like. The 
other cards 39 are held in an enclosing pocket 45 pro 
vided separately. 
FIG. 19 shows a block arrangement of the main sec 

tion in further another embodiment. In FIG. 19, the 
parts and components having the same functions as 
those in the embodiment shown in FIG. 10 are desig 
nated by the same reference numerals and their descrip 
tions are omitted. A signal processing apparatus 41 
consists of an electric circuit including a microcom 
puter. The command value generating program and 
data used as a control rule generating means are stored 
in an external memory 43. The external memory 43 is 
detachably connected to the signal processing appara 
tus 41 through an inserting port 42. The external mem‘ 
cry 43 (43a to 43d) can be made of cards or memory 
cassettes having therein integrated circuits or the like. 
Each external memory 43 is provided in correspon 
dence to each control rule. A desired control rule can 
be selected by exchanging the external memories 43. 

FIG. 20 is a perspective view showing an external 
view of the main section in still another embodiment. 
The inserting port 42 is formed on the upper external 
surface of the cleaner main body 21. The control rule 
can be switched by taking out a desired external mem 
ory 43 from an enclosing pocket 44 and setting into the 
inserting port 42. 
According to still another embodiment, in addition to 

the advantages of the embodiment of FIG. 10, the mem 
ory capacity of the data or the like according to the 
control rules can be increased. Therefore, the suction 
performance of more complicated control rules can be 
realized and various kinds of control rules can be real 
ized. 
A combination system of the embodiments of FIGS. 

10 and 19 can be also considered as still another embodi 
ment. For instance, by using a system in which various 
kinds of many control rules are stored in one external 
memory 43 and a desired control rule is selected from 
among the control rules by using a changeover switch 
corresponding to the switching apparatus 35, the num 
ber of exchanging times of the external memory 43 can 
be reduced and a more advanced selection of control 
rules can be provided. The electric power is automati 
cally switched, thereby enabling the operation noise 
level at night to be automatically reduced. 

In any of the foregoing embodiments, the cleaner can 
also be operated by the conventional known ordinary 
suction characteristic. 

According to the embodiment of FIG. 19, a rewrita 
ble type memory can also be used as the external mem 
ory 43. 
As described above, according to the invention, there 

is obtained an operating method of the vacuum cleaner 
in which the load current value of the electric blower is 
continuously detected during cleaning, the cleaning 
surface or a cleaning object is estimated from the load 
current value, the optimum operation control rule is 
selected from among a plurality of operation control 
rules stored in the cleaner and the cleaner is operated in 
accordance with the optimum operation control rule. 
On the other hand, by performing the switching with 

a microcomputer, the number of parts can be reduced 
and the circuit can be simpli?ed. 
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According to still another embodiment in which the 

control rules are stored into a memory or an external 
memory, an extremely large number of kinds of control 
rules can be realized as compared with the control rule 
generating means being an electric circuit. Moreover, 
more complicated control rules (having ?ne differences 
or the like) can be also realized and can properly cope 
with the wishes of the user. 
As still another modi?cation a timer function is pro 

vided in the external memory 43 or signal processing 
apparatuses 36 and 41, the day and night are discrimi 
nated by the timer function and the value of a reference 
unit, and the electric blower is operated and controlled 
on the basis of a selected control rule, thereby enabling 
optimum operation of the cleaning which is in accor 
dance with the user's wishes. 
On the other hand, according to the invention, a 

plurality of control rules to control the suction perfor 
mance according to a use condition or desire of the user 
are provided and an appropriate control rule can be 
selected by switching. Therefore, a control rule having 
an optimum characteristic can be selected and used in 
accordance with the particular use condition and desire 
of the user. Thus, a cleaner having various kinds of 
operating characteristics can be easily realized. Proper 
cleaning according to the use condition and wish of the 
user can be performed. 

Further, by switching and using a different control 
rule, a optimum characteristic according to a special use 
condition can be realized without being restricted by 
other operating conditions of the cleaner. 
We claim: 
1. A method of operating a vacuum cleaner having at 

least an electric blower and a speed control unit for 
controlling the operating speed of said electric blower, 
said speed control unit having stored therein a plurality 
of operation control rules for controlling said electric 
blower, said method comprising the steps of: 

detecting continuously a value of a load current of 
said electric blower during a cleaning operation; 

determining a type of surface being cleaned in re 
sponse to said detected load current; 

selecting one of said plurality of operation control 
rules based upon the determination of the type of 
surface being cleaned; and 

controlling said electric blower in accordance with 
said selected one of said plurality of operation con 
trol rules. 

2. A method according to claim 1, wherein said plu 
rality of operation control rules for said electric blower 
include at least: a ?rst operation control rule in which a 
rotational speed of said electric blower is controlled to 
be constant; a second operation control rule in which 
said rotational speed of said electric blower increases 
when an air flow rate decreases; a third operation con 
trol rule in which said rotational speed of said electric 
blower decreases when said air ?ow rate decreases; and 
a fourth operation control rule in which an input to said 
electric blower is reduced during a predetermined per 
iod when said vacuum cleaner is not performing a 
cleaning operation. 

3. A method according to claim 1, wherein said plu 
rality of operation control rules stored in said speed 
control unit include operation control rules for at least 
four cleaning surfaces, said at least four surfaces includ 
ing at least a floor plate, a tatami, a carpet, and a curtain. 

4. A method according to claim 1, wherein said se 
lected one of said plurality of operation control rules 
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causes said electric blower to be controlled by said 
speed control unit in accordance with a shunt-wound 
characteristic. 

5. A method according to claim 1, wherein said deter 
mining step determines said cleaning surface based on a 
?uctuation range of said load current value over a pre 
determined period of time. 

6. A method according to claim 1, wherein said se 
lected operation control rule is automatically selected 
from among said plurality of operation control rules 
stored in said speed control unit in response to the deter 
mination of type of surface being cleaned, and wherein 
at least one of said plurality of operation control rules 
stored in said speed control unit can be manually se 
lected. 

7. A method according to claim 1, wherein said speed 
control unit includes a microcomputer and said plural 
ity of operation control rules for said electric blower are 
stored in said microcomputer. 

8. A vacuum cleaner comprising: 
an electric blower for collecting dust in a dust cham 

ber through a suction port, said electric blower 
creating a suction pressure; 

blower control means for controlling a rotational 
speed of said electric blower; 

control rule generating means for generating a plural 
ity of control rules for controlling the operation of 
said vacuum cleaner; 

means for selecting one of said plurality of control 
rules generated by said control rule generating 
means; and 

signal processing means for processing said selected 
one of said plurality of operation control rules and 
for outputting a control signal to said blower con 
trol means so as to control operation of said electric 
blower in accordance with said selected control 
rule. 

9. A vacuum cleaner according to claim 8, wherein 
said signal processing means comprises a microcom 
puter and said control rule generating means comprises 
a plurality of memories in which data relating to prede 
termined operating parameters of said vacuum cleaner 
are stored. 

10. A vacuum cleaner according to claim 8, wherein 
said signal processing means comprises a microcom 
puter, said control rule generating means includes a 
plurality of dependent memories for storing data relat 
ing to predetermined operating parameters of said vac 
uum cleaner, and said means for selecting selects one of 
said plurality of control rules' by switching between said 
plurality of independent memories. 

I]. A method of operating a vacuum cleaner having at 
least on electric motor for operating a device for performing 
on operation of the cleaner and a speed control unit for 
controlling the operating speed of said electric motor, said 
speed control unit having stored therein a plurality of oper 
otion control rules ?Jr controlling said electric motor, said 
method comprising the steps of.‘ 
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14 
detecting continuously a value ofa load current of said 

electric motor during a cleaning operation; 
determining a type of surface being cleaned in response 

to said detected load current; 
selecting one of said plurality of operation control rules 

based upon determination of the type ofsurface being 
cleaned; and 

controlling said electric motor in accordance with said 
selected one of said plurality of operation control 
rules. 

12. A method according to claim I], wherein said deter 
mining step determines said cleaning surfoce based on a 
?uctuation range of said load current value over a prede 
termined period of time. 

13. A method according to claim I], wherein said se 
lected operation control rule is automatically selected from 
among said plurality of operation control rules stored in 
said speed control unit in response to the determination of 
the type of surface being cleaned, and wherein at least one 
of said plurality of operation control rules stored in said 
speed control unit can be manually selected. 

14. A method according to claim I], wherein said speed 
control unit includes a microcomputer and said plurality of 
operation control rules for said electric blower are stored in 
said microcomputer. 

15. A vacuum cleaner, comprising: 
an electric motor f0!‘ operating a device for collecting 

dust in a dust chamber through a suction port; 
motor control means for controlling a rotational speed of 

said electric motor; 
control rule generating means for generating a plurality 

of control rules for controlling the operation of said 
vacuum cleaner based on the type of surface of an 
object to be cleaned; 

means for selecting one of said plurality of control rules 
generated by said control rule generating means in 
accordance with a type of surface of the object to be 
cleaned; and 

signal processing means for detecting the type of surface 
to be cleaned from the current of the electric motor 
and for processing said selected one of said plurality of 
operation control rules and for outputting a control 
signal to said motor control means so as to control 
operation of said electric motor in accordance with 
said selected control rule. 

16. A vacuum cleaner according to claim 15, wherein 
said signal processing means comprises a microcomputer 
and said control rule generating means comprises a plural 
ity of memories in which data relating to predetermined 
operating parameters of said vacuum cleaner are stored. 

17. A vacuum cleaner according to claim 15, wherein 
said signal processing means comprises a microcomputer. 
said control rule generating includes a plurality of indepen 
dent memories for storing data relating to predetermined 
operating parameters of said vacuum cleaner. and said 
means for selecting selects one ofsoid plurality of control 
rules by switching between said plurality of independent 
memories. 
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