
1  DESCRIPTION DRUM-TYPE WASHING MACHINE  5 TECHNICAL
FIELD The present invention relates to a drum-type
washing machine for  washing laundries placed in a
drum by rotating a cylindrical drum having a  bottom.
10 BACKGROUND ART A conventional drum-type washing
machine has a controller for  controlling the washing
machine to perform optimal washing. This controller
estimates the movement of laundries based on the
changes in the output of an  acceleration sensor
attached to the washing tub and the changes in the
torque 15 current component of the motor, and
responds by changing the speed of the  motor that
rotates the drum. Fig. 6 illustrates the structure of
a conventional drum-type washing  machine. Washing
tub 32 is supported in casing 31 by suspension
mechanism  34 so as to be able to rock. Drum 33 is
rotatably disposed inside washing tub  20 32. Motor
35 drives and rotates drum 33. Door 36 is provided on
the upper front of casing 31. A user opens door  36
to expose front opening 37 of washing tub 32 and the
front opening (not  illustrated) of drum 33 so as to
load laundry 38 to or remove laundry 38 from  drum
33. 25 Multiple agitating protrusions 39 are formed
on the inner peripheral  wall of drum 33. Agitating
protrusions 39 lift laundry 38 upward, and then  let
it fall under its own weight as drum 33 rotates. In
other words, laundry  38 is washed or rinsed by the
agitating movement of beat-washing. 2  



Semiconductor acceleration sensor 40 is attached to
washing tub 32 and measures the oscillation of
washing tub 32. Controller 41 detects the movement of
washing tub 32 based on  the changes in the output of
semiconductor acceleration sensor 40 and the changes
in torque  current component of motor 35. Controller
41 then estimates movement of laundry 38, and
controls washing operation by motor 35. With this
structure, however, laundry 38 may float on the water
surface under some  conditions such as a high
proportion of synthetic-fiber items being present in
laundry 38, high  water level setting, and too many
detergent bubbles. Under such conditions, agitating
protrusions 39 cannot catch laundry 38, and thus
laundry 38 is not effectively beat-washed. In
addition, if such a state occurs, whether laundry 38
is floating on the water or the  quantity of laundry
38 is small cannot be identified by a simple change
in acceleration output.  This similarly applies to
the current indicating the torque component of motor
35. There is no  correlation between floating laundry
38 and torque. SUMMARY OF THE INVENTION A drum-type
washing machine according to embodiments of the
present invention  identifies whether or not a
laundry is floating on the water surface, in order to
achieve optimal  washing. 3  According to an aspect,
there is provided a drum-type washing machine
comprising: a casing; a washing tub supported by a
resilient suspension mechanism of the casing in the
casing; a drum having an agitating protrusion on an
inner peripheral wall thereof, the drum  being placed
in the washing tub for placing a laundry; a motor
configured to rotate the drum; a  vibration detector
configured to detect vibration acceleration of the
washing tub; a frequency  component calculator
configured to calculate a frequency component of the
vibration  acceleration detected by the vibration
detector; and a controller configured to control the
motor at least; the controller configured to control
a forward-reverse continuous pivot drive  mode in
which the drum repeats forward and reverse rotations
alternately at a rotating speed at  



which the laundry lifted up by rotation of the drum
falls from a height at which own weight of  the
laundry exceeds a centrifugal force thereto; wherein
the controller determines a state of the  laundry
inside the drum during one of washing and rinsing,
based on a result received from the  frequency
component calculator. The movement of laundry can be
determined by extracting a vibration component in a
specific frequency from vibration of the washing tub.
Accordingly, the state of laundry inside the drum can
be accurately determined  without being affected by
the quantity of laundry, fabric type, detergent
amount, or water  quantity. The washing performance
and rinsing effect can thus be improved. BRIEF
DESCRIPTION OF DRAWINGS Fig. I illustrates a
structure of a drum-type washing machine in
accordance with a  first exemplary embodiment of the
present invention. Fig. 2A is illustrates an
operation principle of a floating state in a
forward-reverse  continuous pivot drive mode of the
drum-type washing machine shown in Fig. 1. Fig. 2B is
a graph illustrating a frequency characteristic of
vibration detected in the  floating state. Fig. 3A
illustrates an operation principle of a beat-washing
state in the forward- reverse continuous pivot drive
mode of the drum-type washing machine shown in Fig.
1. 4  Fig. 3B is a graph illustrating a frequency
characteristic of vibration detected in the
beat-washing state in Fig. 3A. Fig. 4A illustrates an
operation principle of the floating state in the
forward-reverse sudden pivot drive mode of the
drum-type washing machine  5 shown in Fig. 1. Fig. 4B
illustrates an operation principle of the
beat-washing state from  90 in the forward-reverse
sudden pivot drive mode of the drum-type washing
machine shown in Fig. 1. 



Fig. 4C illustrates an operation principle of the
beat-washing state from  10 150 in the
forward-reverse sudden pivot drive mode of the
drum-type washing  machine shown in Fig. 1. Fig. 5
illustrates the relation between the drum movement of
the drum- type washing machine shown in Fig. 1 and a
laundry dropping position. Fig. 6 illustrates a
structure of a conventional drum-type washing  15
machine. DETAILED DESCRIPTION OF THE INVENTION Fig. 1
illustrates the structure of a drum-type washing
machine in an  exemplary embodiment of the present
invention. Figs. 2A to 3B illustrate the  20
operation principle in the washing machine while in a
forward-reverse continuous pivot drive mode. The
washing machine includes casing 1,  washing tub 2,
drum 3, motor 4, vibration detector 6, frequency
component  calculator 9, and controller 7. Casing 1
contains washing tub 2, and washing tub 2 rotatably
houses  25 drum 3. Drum 3, which is a washing basket,
is capable of containing laundry  13, such as
clothes. Drum 3 is connected to motor 4, which
rotates drum 3.  Agitating protrusions 12 are
provided on an inner peripheral wall of drum 3. 5
Agitating protrusion 12 lifts up laundry 13 as drum 3
rotates by driving motor  4, thereafter laundry 13
falls back by its own weight. In this way, this
washing machine washes laundry 13 in the beat-washing
manner. Motor 4 is typically configured with a
brushless motor, and its rotating  5 speed is
variable. During washing, motor 4 repeats forward and
reverse  rotation, alternatively. Washing tub 2 is
supported so as to be able to rock by  casing 1 that
has a vibration-proof structure (resilient support
mechanism)  such as spring SA and damper 8B. 



Washing tub 2 is provided with drain outlet 14 on the
bottom thereof.  10 Washing or rinsing water inside
washing tub 2 is drained outside through  drainpipe
16 by opening drain unit (drain valve) 15. Vibration
detector 6 is typically configured with at least one
semiconductor acceleration sensor, and detects a
vibration acceleration  component of washing tub 2 in
at least one of front and back, left and right, 15
and top and bottom directions. In other words,
vibration detector 6 detects  the vibration
acceleration of washing tub 2 in at least one of the
vertical  direction, first horizontal direction, and
second horizontal direction that is  different from
the first horizontal direction. It is preferable that
vibration  detector 6 is configured with an
acceleration sensor sensitive to multiple-axis 20
directions (two or three axes) to the front and back,
left and right, and top and  bottom, rather than a
single direction. Since vibration of washing tub 2
cannot be limited only to one direction, the use of a
three-axis acceleration  sensor and the use of a
value obtained by adding the acceleration components
in three axes are more effective for accurately
detecting the movement of  25 washing tub 2.
Frequency component calculator 9 applies Fourier
transformation to  vibration acceleration detected by
vibration detector 6 so as to extract a 6  frequency
component. In other words, frequency component
calculator 9  calculates the frequency component with
respect to vibration acceleration  detected by
vibration detector 6. Frequency component calculator
9 is  configured with a microcomputer, and applies
discrete Fourier transformation 5 (DFT) or fast
Fourier transformation (FFT) to a signal detected by
vibration  detector 6 so as to calculate an amplitude
at each frequency component.  Controller 7 controls a
series of operations, including washing, rinsing, 



dehydration, and drying; and also controls the
rotation of motor 4. Controller  7 also controls the
forward-reverse continuous pivot drive mode. In this
mode,  10 the drum 3 repeats forward and reverse
rotations alternately at a rotating speed at which
laundry 13 is lifted upward by the rotation of drum 3
and falls  from the height at which its own weight
exceeds the centrifugal force.  Controller 7 also
determines the state of laundry 13 inside drum 3,
during  washing or rinsing, based on the result
output from frequency component  15 calculator 9.
Controller 7 includes rotating speed controller 10
and rotating time  controller 11. Rotating speed
controller 10 detects and controls the rotating
speed of drum 3. Rotating time controller 11 measures
and controls the  rotating time of drum 3. 20 In Fig.
1, frequency component calculator 9 and controller 7
are  illustrated outside casing 1. However, they are
provided inside or along  casing 1. Controller 7
determines the floating state of laundry 13 inside
drum 3  depending on a proportion of the frequency
component of the vibration  25 acceleration
calculated by frequency component calculator 9. Next,
the structure of detection and control in line with
the operation  principle in the forward-reverse
continuous pivot drive mode is described with 7
reference to Figs. 2A through 3B. In the
forward-reverse continuous pivot  drive mode, laundry
13 inside drum 3 is lifted upward to an angle
position at  which its own weight exceeds the
centrifugal force imposed by the angular  speed of
drum 3 and agitating protrusion 12. From this angle
position, 5 laundry 13 is beaten against the inner
bottom of drum 3 when it falls under its  own weight.
In this driving system, drum 3 rotates in a same
direction for  



relatively long time. Fig. 2A and 3A show examples of
the state of laundry 13 in drum 3.  Agitating
protrusion 12 provided on drum 3 lifts and agitates
laundry 13  10 moistened with washing water. Fig. 2A
shows the state where laundry 13 is floating on the
water due  to factors such as many synthetic-fabric
items in laundry 13, high water level,  and too many
detergent bubbles. In this state, agitating
protrusion 12 cannot  lift up laundry 13, and thus
laundry 13 is not fully agitated. In other words, 15
agitating protrusion 12 just hits the water, in spite
of the rotating of drum S.  This state is hereinafter
called a floating state. In Fig. 3A, agitating
protrusion 12 lifts up laundry 13, which is then
released from the inner wall of drum 3 in the middle
under its own weight,  falls to the bottom of drum 3
due to gravity, and is beaten against drum S. 20 This
state is hereinafter called a beat-washing state. The
state in Fig. 3A is  most suitable for washing, but
the state in Fig. 2A significantly degrades the
washing effect. Figs. 2B and 3B illustrate the
results of frequency analysis relative to  the
vibration acceleration of washing tub 2 by driving
drum 3, which is  25 detected by vibration detector
6, in the states shown in Figs. 2A and 3A,
respectively. The horizontal axis in Figs. 2B and 3B
indicates frequency, and 8  the vertical axis
indicates the amplitude of the frequency component
(vibration  acceleration) in the Fourier amplitude
spectrum. In each of Figs. 2B and 3B, point A
indicates a position equivalent to  N/60 when the
number of revolutions at a frequency corresponding to
the  5 rotating speed of drum 3 is N [rpm]. If the
number of agitating protrusions 12 is M, point B
indicates a position equivalent to M X N/60. N/60 is



corresponds to the drum rotation frequency. Figs. 2B
and 3B indicate the  cases where N = 45 and M = 3. In
other words, the drum rotation frequency  is 0.75 Hz,
and the frequency at point B is 2.25 Hz. 10 The
vibration acceleration at point A reflects the
vibration due to  rotation of laundry 13. On the
other hand, the vibration acceleration at point  B
reflects the acceleration component generated by
agitating protrusion 12  beating the water supplied
inside drum S. It is apparent from these drawings
that the vibration acceleration  15 around point B is
significantly larger than that at other frequencies
in Fig. 2B,  illustrating the floating state,
compared to the beat washing state shown in  Fig. 3B.
In the floating state as in Fig. 2A, laundry 13 is
floating on water and  not lifted by agitating
protrusion 12. Accordingly, there is no impact  20
vibration caused by free fall of laundry 13.
Therefore, the change in acceleration generated in
drum 3 and washing tub 2 is extremely small. As a
result, agitating protrusion 12 hits water supplied
inside drum 3. This  makes the vibration acceleration
around point B large, and vibration  acceleration at
frequencies other than around point B small. 25 In
this exemplary embodiment, the above characteristic
is used to  identify the frequency component in
vibration acceleration of washing tub 2 by  applying
Fourier transformation to a signal from vibration
detector 6 attached 9  to washing tub 2, using
frequency component calculator 9. Then, controller 7
determines whether laundry 13 inside drum 3 is in the
floating state or not  based on the amplitude of
frequency component calculated by frequency
component calculator 9. 5 In this way, controller 7
calculates the difference between the vibration  



acceleration around point B and vibration
acceleration in a predetermined  frequency range.
When the calculation result exceeds a predetermined
value,  controller 7 determines that laundry 13 in
drum 3 is in the floating state.  Based on this
determination, controller 7 can identify whether the
acceleration 10 component is generated by agitating
protrusion 12 beating water supplied to  drum 3 or
agitating laundry 13. Accordingly, controller 7 can
accurately  determine whether laundry 13 in drum 3 is
floating or not. Here, the predetermined frequency
range may be point A, which is a  frequency
corresponding to the rotating speed of drum S. The
predetermined  15 value can be, for example, set
between 0.7 mG and 1.5 mG when the capacity of drum 3
is 70 liters and the water in washing tub 2 has a
volume of 15 liters.  If the floating state is
identified, controller 7 increases the rotating
speed of motor 4 in the forward-reverse continuous
pivot drive mode using  rotating speed controller 10.
This encourages the agitation of laundry 13 20
together with washing water in drum S. As a result,
beat-washing, shown in  Fig. 3A, is effectively
applied to laundry 13. This method of control thus
improves washing performance. Figs. 4A to 4C
illustrate the operation principle of the
forward-reverse  sudden pivot drive mode used to
improve washing performance. Fig. 5 shows  25 the
relationship between the movement of drum 3 and the
drop position of  laundry 13. 10  In the
forward-reverse sudden pivot drive mode, laundry 13
is pressed to the inner wall of drum 3 by the
centrifugal force generated during the
suddenly-accelerated rotation of drum 3, and laundry
13 is carried to the  upper part of drum 3. Then, due
to the sudden braking of drum 3, laundry 13 5 falls
off the inner wall of drum 3 by inertia. By this
inertia and its own  



weight, laundry 13 falls to the lower part of drum 3,
making a roughly  parabolic curve, to the side
opposite where laundry 13 has been lifted. Figs. 4A,
4B, and 4C show examples of the movement of laundry
13  when drum 3 is driven by motor 4 in one direction
for 1 sec, 1.5 sec, and 2 see,  10 respectively, and
rotation of drum 3 reaches 40 rpm, 60 rpm, and 80
rpm, respectively. The states shown in Figs. 4A to 4C
are established under the  precondition that laundry
13 tends to float on water, as shown in Fig. 2A. Fig.
4A illustrates the case when rotation of drum 3 is
slow, at 40 rpm.  As in Fig. 2A, laundry 13 is
floating on the water. On the other hand, Figs.  15
4B and 4C illustrate states where the rotation of
drum 3 is increased to 60 rpm and 90 rpm.
Accordingly, such a high rotating speed and sudden
braking  lift laundry 13 by agitating protrusion 12,
and release laundry 13 to fall from  the inner wall
of drum 3. Laundry 3 is beaten against the lower part
of drum  3 under its own weight. In other words,
laundry 13 moves the same way as  20 in the
beat-washing state shown in Fig. 3A. Fig. 4B
illustrates the state of beat-washing from 90 and
Fig. 4C  illustrates the state of beat-washing from
150. The parabolic curve of  laundry 13 while falling
is longer in beat-washing from 150 than that in beat-
washing from 90, and the falling distance is alsc
greater. Accordingly, the  25 beat-washing effect is
also greater. More specifically, even if the drum 3
is driven in the forward-reverse  sudden pivot drive
mode, the floating phenomenon occurs if the rotating
speed 11  is low. However, the floating state can be
switched to the beat-washing state  by switching the
driving control to forward-reverse sudden pivot drive
control  with larger acceleration in the start of
rotation and braking or by extending  the time of
each rotation (pivot) in the forward-reverse sudden
pivot drive. In 



5 the latter case, controller 7 extends the rotating
time of motor 4 of each  rotation (pivot) in the
forward-reverse sudden pivot drive mode, using
rotating  time controller 11. Fig. 5 is a graph
illustrating the state in Figs. 4A, 4B, and 4C,
respectively. The horizontal axis indicates the
rotating time (elapse of time),  10 and the vertical
axis indicates the rotation speed and the rotation
angle of drum 3, and the angle of the position where
laundry 13 falls with reference to  the bottom face
of drum 3. These values vary according to the type of
laundry  13 in drum 3, water volume, and the diameter
of drum 3. When the speed of rotation of drum 3
reaches 40 rpm after driving  15 motor 4 for 1
second, laundry 13 floats at point A. In other words,
the lifting  angle is close to 0, and the agitating
force is small. This state is equivalent  to the
floating state shown in Fig. 4A. When motor 4 is
driven for 1.5 seconds and drum 3 reaches 60 rpm,
laundry 13 is lifted to point B at 90 with reference
to the bottom face of drum  20 3. Laundry 13 then
falls from this position. This is beat-washing state
from 90, as shown in Fig. 4B. In this case, drum 3 is
rotated (pivoted) through  about 300. When motor 4 is
driven for 2 seconds, and drum 3 reaches 80 rpm,
laundry 13 is lifted to point C at about 150' with
reference to the bottom face  25 of drum S. Laundry
13 then falls from that position. This is
beat-washing from 150', as shown in Fig. 4C. In this
case, drum 3 is rotated (pivoted)  through about 600
(one turn and 240' rotation). 12  In the above
description, the beat-washing state is imposed by
pivoting drum 3 through about 300 to 600. However,
the angles are not limited to  this range. The angle
range changes appropriately depending on conditions  



such as the size of drum 3. In the forward-reverse
sudden pivot drive mode, 5 drum 3 repeats
suddenly-accelerated rotation to a rotating angle
exceeding 90  but within two turns and a sudden
braking. The forward-reverse sudden  pivot drive mode
is disclosed in International Publication No.
2008/0999547. As described above, vibration detector
6 detects the vibration  acceleration caused by
falling laundry 13. As a result, if the floating
state of  10 laundry 13 is detected, controller 7
increases the rotating speed of motor 4 using
rotating speed controller 10. Alternatively, rotating
time controller 11  extends the continuous driving
time of motor 4 by a predetermined value.  These
methods of control improve washing performance by
changing the  floating state to the beat-washing
state. 15 Alternatively, if controller 7 determines
that laundry 13 is floating,  controller 7 controls
the rotation of drum 3 so as to switch to the
forward- reverse sudden pivot drive mode to improve
washing performance by re- establishing the
beat-washing state. If laundry 13 is determined to be
floating in the forward-reverse  20 continuous pivot
drive mode, laundry 13 may remain floating even after
the  mode is switched to the forward-reverse sudden
pivot drive mode if the  rotating speed is low. To
solve this, controller 7 increases the rotating speed
of motor 4 using rotating speed controller 10 even in
the forward-reverse  sudden pivot drive mode.
Alternatively, controller 7 extends the continuous 25
driving time of motor 4 by a predetermined value,
using rotating time  controller 11. 13  If controller
7 switches the mode to the forward-reverse sudden
pivot drive mode when laundry 13 is determined to be
floating, the load applied to  motor 4 increases.
Accordingly, it is preferable to make duration of the



forward-reverse sudden pivot drive mode short as much
as possible. 5 Accordingly, controller 7 returns to
the forward-reverse continuous pivot drive  mode from
the forward-reverse sudden pivot drive mode as soon
as the state  changes from the floating state to
beat-washing state. Alternatively,  controller 7
extends duration of the forward-reverse sudden pivot
drive mode  depending on a degree of the floating
state, or executes the forward-reverse 10 sudden
pivot drive mode and the forward-reverse continuous
pivot drive mode  alternately. These ways of control
prevents floating of laundry 13, and also  improves
washing performance by lifting up laundry 13 from the
bottom face  of drum 3 to over 90 and dropping
laundry 13 to beat it against drum 3. In  particular,
if the duration of the forward-reverse sudden pivot
drive mode is 15 extended, a percentage of the
forward-reverse sudden pivot drive mode that
demonstrates high washing performance increases in
the state that laundry  13 tends to float. This
further improves the washing performance. The
floating state is caused by factors such as many
synthetic-fabric  items being present in laundry 13,
high water level, and too many detergent  20 bubbles.
In these factors, the high water level can be solved
after starting the operation. Therefore, it is
preferable that controller 7 discharges a
predetermined quantity of washing water in washing
tub 2 by opening drain  unit (drain valve) 15 for a
predetermined time if laundry 13 is determined to  be
floating. Or, a predetermined quantity of washing
water in washing tub 2 25 can be discharged
regardless of the opening time of drain unit 15. If
the  factor of too much water is eliminated by this
control, the floating state can be 14  further
effectively solved in addition to the control based
on a degree of  aforementioned proportion of
frequency components. As described above, in the drum
rotating speed control method and  



program in this exemplary embodiment, the floating
state of laundry 13 is  5 determined based on the
frequency component of vibration acceleration of
washing tub 2. The determination becomes more
accurate by evaluating at  least two vibration
acceleration components in top and bottom, left and
right,  and front and back directions. In addition,
the floating state can be  determined without the
influence of washing water by determining vibration
10 acceleration by multiplying rotating speed of drum
3 by the number of  agitating protrusions 12. If
laundry 13 is determined to be floating, the rotating
speed of motor 4  is increased to shift to the
beat-washing state. Or, the normal drum forward-
reverse continuous pivot drive mode is switched to
the forward-reverse sudden 15 pivot drive mode. Or,
the washing water inside washing tub 2 is discharged
to eliminate one factor of the floating state. These
ways of control effectively  switches to the
beat-washing state. Accordingly, the drum-type
washing  machine can achieve preferable washing and
rinsing. As described above, by the rotating speed
control method and program  20 for the drum-type
washing machine of the present invention, the
floating state  of laundry can be detected based on
the frequency component of the vibration
acceleration of the washing tub. Furthermore, the
drum-type washing  machine of the present invention
prevents the floating of the laundry based on  the
detected results, thus improving washing and rinsing
performance by 25 controlling the drum rotating speed
and rotating time. The present invention  is thus
broadly applicable to washing and drying machines and
business-use  washing machines, in addition to home
-use washing machines. 15  CLAIMS 1. A drum-type
washing machine comprising:  



a casing; 5 a washing tub supported by a resilient
suspension mechanism of  the casing in the casing; a
drum having an agitating protrusion on an inner
peripheral  wall thereof, the drum being placed in
the washing tub for placing a laundry; a motor
configured to rotate the drum; 10 a vibration
detector configured to detect vibration acceleration
of  the washing tub; a frequency component calculator
configured to calculate a  frequency component of the
vibration acceleration detected by the vibration
detector; and 15 a controller configured to control
the motor at least; the  controller configured to
control a forward-reverse continuous pivot drive mode
in which the drum repeats forward and reverse
rotations alternately at a  rotating speed at which
the laundry lifted up by rotation of the drum falls
from a height at which own weight of the laundry
exceeds a centrifugal force  20 thereto; wherein the
controller determines a state of the laundry inside
the drum during one of washing and rinsing, based on
a result received from  the frequency component
calculator. 25 2. The drum-type washing machine
according to claim 1,  wherein the vibration detector
includes at least one acceleration  sensor configured
to detect a vibration acceleration component of the
washing 16  tub in at least two of a vertical
direction, a first horizontal direction, and a
second horizontal direction that is different from
the first horizontal direction;  and 



the controller determines the state of the laundry
based on  5 vibration accelerations in at least two
of the directions obtained from the  vibration
detector or a sum of vibration accelerations in the
at least two of the  directions. 3. The drum-type
washing machine according to any one of  10 claims 1
and 2, wherein the agitating protrusion is one of
agitating  protrusions, the controller calculates a
difference between vibration  acceleration in a
frequency band received from the frequency component
calculator and vibration acceleration in a
predetermined frequency band, the  vibration
acceleration in the frequency band being a value
obtained by 15 multiplying a rotating speed of the
drum by a number of the agitating  protrusions; and
the controller determines that the laundry is
floating in the  drum if a calculation result exceeds
a predetermined value. 4. The drum-type washing
machine according to any one of  20 claims 1 to 3,
wherein the controller includes a rotating speed
controller  configured to change a rotating speed of
the motor, and the controller increases the rotating
speed of the motor using the  rotating speed
controller if the laundry in the drum is determined
to be  floating. 25 5. The drum-type washing machine
according to any one of  claims 1 to 4, wherein the
controller can control a forward-reverse sudden 17
pivot drive mode in which the drum repeats
accelerated rotation to a rotating  angle exceeding
90 but within two turns and a braking; and the
controller controls the motor such that the
forward-reverse  continuous pivot drive mode is
switched to one of the forward-reverse sudden  



5 pivot drive mode, or the forward-reverse sudden
pivot drive mode and the forward-reverse continuous
pivot drive mode are alternatively performed, if  the
laundry in the drum is determined to be floating in
the forward-reverse  continuous pivot drive mode. 10
6. The drum-type washing machine according to claim
5,  wherein the controller increases a percentage of
executing the forward-reverse  sudden pivot drive
mode against the forward-reverse continuous pivot
drive  mode, if the laundry in the drum is determined
to be floating. 15 7. The drum-type washing machine
according to any one of  claims I to 4, wherein the
controller can control the forward-reverse sudden
pivot drive mode in which the drum repeats
accelerated rotation to a rotating  angle exceeding
90 but within two turns and a braking; and the
controller increases a percentage of the
forward-reverse  20 sudden pivot drive mode against
the forward-reverse continuous pivot drive  mode, if
the laundry in the drum is determined to be floating.
8. The drum-type washing machine according to any one
of  claims I to 7, further comprising a drain unit
configured to discharge washing  25 water in the
washing tub; 18  wherein the controller discharges
the washing water in the washing tub for one of a
predetermined quantity and a predetermined time, if
the laundry in the drum is determined to be floating.
5 19  DRUM-TYPE WASHING MACHINE ABSTRACT  5 A
drum-type washing machine includes a casing, a
washing tub, a  



drum, a motor, a vibration detector, a frequency
component calculator, and a  controller. The drum
with an agitating protrusion on its inner peripheral
wall is placed in the washing tub for containing a
laundry. The vibration  detector detects vibration
acceleration of the washing tub. The frequency 10
component calculator calculates a frequency component
in the vibration  acceleration detected by the
vibration detector. The controller controls a
forward-reverse continuous pivot drive mode, and also
determines the state of  laundry in the drum during
washing or rinsing, based on a result received  from
the frequency component calculator. 15 FIG. 1 


