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EXERCISE THERAPY DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to an exercise therapy 
device capable of recovering the exercise function of and 
maintain the physical strength of a physically handicapped 
person or an aged person by auxiliarily and passively 
assisting a rotational movement of each pedal When he 
undergoes an exercise therapy. 

[0003] 2. Description of the Related Art 

[0004] FIG. 14 is a diagram illustrating the con?guration 
of a conventional exercise therapy device disclosed in, for 
example, Japanese Unexamined Patent Application Publi 
cation No. Hei 11-169484. In this ?gure, a pulley 201 is 
connected to pedals 202, and a pulley 203 is provided 
betWeen the pulley 201 and a motor 207. Abelt 204 is looped 
betWeen the pulleys 201 and 203, and a pulley 205 is 
provided in such a Way as to be integrally joined to the 
pulley 203. Abelt 206 is looped betWeen the pulley 205 and 
a motor 207. Magnets 208 and 209 are mounted on the 
pulleys 201 and 205, respectively. Hall elements 210 and 
211 are disposed so as to cooperate With the magnets 208 
and 209, respectively, for generating signals each time they 
detect a corresponding one of the magnets 208 and 209. A 
computer 212 receives the signals from the Hall elements 
210 and 211, for calculating the rotational speeds of the 
pulleys 201 and 205. A load control device 213 controls the 
load on the motor 207 in accordance With the rotational 
speeds calculated by this computer 212. 

[0005] Next, an operation of this conventional exercise 
therapy device is described hereinbeloW. The rotation of 
each of the pedals 202 is transmitted to and accelerated by 
the pulley 205 looped betWeen the pulleys 201 and 203, and 
then transmitted to the motor 207 by the belt 206. Apulse is 
outputted from each of the Hall elements 210 and 211 at 
each rotation of a corresponding one of the pulleys 201 and 
205. Then, after calculating the number of the pulses, the 
computer 212 outputs the pulses to the load control device 
213. The load control device 213 determines the rotational 
speed of the motor 207 in accordance With the number of the 
pulses, and controls the load on the motor 207. 

[0006] Further, When different loads are imposed on the 
left and right legs, respectively, of an exerciser from the left 
and right pedals, the conventional exercise therapy device 
repeats an operation of alternately imposing a high load and 
a loW load on the legs of the exerciser so that a phase angle 
corresponding to a position, at Which the high load is 
imposed on one of the legs, differs by a from a phase angle 
corresponding to another position, at Which the loW load is 
imposed on the other leg. That is, noW assuming that the 
high load is imposed on the right leg at an easiest-to-push 
position When the right pedal is pushed by the right foot, and 
that a loW load is imposed on the left leg at a position 
(namely, an easiest-to-push position When the left pedal is 
pushed by the left foot) corresponding to a phase angle, 
Which is changed by at from the phase angle corresponding 
to the easiest-to-push position for the right foot, the load 
imposed on the right leg is higher than the load imposed on 
the left leg. This is effective especially in the case Where an 
exerciser Wishes to train the right leg. 
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[0007] With the conventional exercise therapy device as 
constructed above, When the pedal 202 is positioned Within 
a range of rotation angles other than the top dead center and 
the bottom dead center, a rotational load on the pedal is not 
reduced. Therefore, When a cerebrally handicapped person 
or an aged person, Whose muscular strength (of, for instance, 
femoral quadriceps and coxal extensor group) loWers and 
Whose motor nerves are numb, undergoes an exercise 
therapy in a range of rotation angles other than the top dead 
center and the bottom dead center of the pedal 202, he 
cannot continuously perform a pedaling exercise at all 
rotation angles. Further, When a mechanically frictional load 
is generated in a loW speed rotation region, a high load is 
caused by the pedaling exercise, so that an exerciser cannot 
continuously perform a pedaling exercise at all rotation 
angles. Thus, there has been a problem in that a physically 
handicapped person or an aged person can neither recover 
the exercise function thereof nor maintain the physical 
strength thereof in a satisfactory manner by using an exer 
cise therapy device, such as an ergonomic bicycle. 

[0008] Thus, to eliminate the above draWback, Japanese 
Unexamined Patent Application Publication No. Hei 
11-169484 proposed an exercise therapy device enabling a 
physically handicapped person or an aged person to 
smoothly and continuously perform a pedaling exercise 
thereby to recover the exercise function thereof and maintain 
the physical strength thereof. 

[0009] This exercise therapy device is able to turn a pedal 
shaft pulley and an intermediate pulley by an assist drive 
mechanism When the rotational speed of the pedal shaft 
pulley is reduced to a preset speed or less by an assist motor. 

[0010] Further, When the assist motor rotates at a preset 
speed only in a direction at all times and the assist motor is 
rotated only in a direction by a one-Way clutch ?xed onto the 
motor shaft of this assist motor in the assist drive mecha 
nism, a pulley rotatably attached to the motor shaft is rotated 
together With the motor shaft. Conversely, When the assist 
motor rotates in the other direction, the pulley is idled With 
respect to the motor shaft. The assist motor is connected to 
the pulley by a secondary assist pulley provided on the 
rotation shaft of the intermediate pulley through an assist 
belt. The assist motor is connected to the pedal shaft pulley 
by a primary assist pulley provided on the rotation shaft of 
the intermediate pulley through a primary belt. 

[0011] With such a con?guration, a physically handi 
capped person or an aged person can continuously perform 
a pedaling exercise at all angles When the person undergoes 
an exercise therapy, thereby to recover his exercise function 
and maintain his physical strength. 

[0012] Further, the exercise therapy device has a one-Way 
clutch for releasing transmission of rotation movement from 
a load motor to a pedal shaft pulley. The assist motor is 
rotated by a load reduction drive mechanism so that the load 
motor is thereby rotated to reduce a load in a loW speed 
rotation region. 

[0013] Furthermore, Japanese Unexamined Patent Appli 
cation Publication No. 10-179660 discloses an exercise load 
adjusting device Which is constructed such that an AC 
generator is used in an exercise load generating portion. The 
generator is sWitched to a side, at Which the generator is 
controlled and used as a DC brushless servo motor control, 
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in the case Where a set exercise load is equal to or less than 
a mechanical loss, and that the generator is sWitched to 
another side, at Which a load control is performed on an 
output of the generator, in the case Where the set exercise 
load is equal to or more than the mechanical loss. Although 
this exercise load adjusting device uses only one generator, 
this generator is used mainly for adjusting an exercise load. 
In the case that the exercise load is equal to or less than the 
mechanical loss, the generator serves only to compensate for 
the mechanical loss. The generator does not act to positively 
give an exerciser an exercise assisting force. 

[0014] Among the aforementioned conventional devices, 
the exercise therapy device described in Japanese Patent 
Application No. 9-345619 employs tWo motors, that is, a 
load motor for generating a load motor, and an assist motor 
for generating an assisting force. Therefore, this exercise 
therapy device needs tWo poWer transmission systems each 
for transmitting poWer from a corresponding one of the 
motors to a corresponding one of the pedals. Thus, this 
conventional exercise therapy device has drawbacks in that 
the construction thereof is complicated; the number of parts 
is large; and it is difficult to reduce the siZe, Weight, and cost 
thereof. 

[0015] Further, the conventional exercise therapy device 
described in Japanese Unexamined Patent Application Pub 
lication No. 10-179660 does not positively give an exerciser 
an exercise assisting force. Thus, this conventional exercise 
therapy device has a drawback in that it is dif?cult for an 
exerciser, Who is a physically in?rm handicapped or aged 
person, to smoothly and continuously perform a pedaling 
exercise Without overextending himself When an assisting 
force is needed, for instance, When the person starts to pedal, 
or in a loW speed rotation mode. 

SUMMARY OF THE INVENTION 

[0016] In vieW of the above, the present invention is 
intended to eliminate the aforementioned draWbacks of the 
conventional devices. 

[0017] Accordingly, an object of the present invention is to 
provide an exercise therapy device Which enables a physi 
cally handicapped or aged person to smoothly and continu 
ously perform a pedaling exercise depending upon the level 
of his physical strength Without overextending himself When 
the person undergoes an exercise therapy, to thereby recover 
the exercise function and maintain the physical strength 
thereof, and Which is simple in construction, compact in siZe 
and light in Weight, and can be manufactured at loW cost by 
using only a single actuator that has a dual function as a load 
device and an assisting force generating device. 

[0018] Bearing the foregoing object in mind, according to 
the present invention, there is provided an exercise therapy 
device comprising a drive portion adapted to be manually 
moved by an exerciser, an actuator connected to the drive 
portion through a poWer transmission mechanism, and a 
control unit for causing the actuator to operate as a load 
device for providing a load to the drive portion and as an 
assisting device for providing an assisting force to the drive 
portion When the drive portion is manually moved by the 
exerciser. 
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[0019] Thus, the exercise therapy device does not require 
tWo actuators, that is, a load motor (or generator) for 
generating a load, and an assisting motor for generating an 
assisting force, both of Which are needed in the conventional 
devices. Asingle actuator can serve as both a load motor and 
an assisting motor. The exercise therapy device of the 
present invention is effective or advantageous in that the 
construction of the entire device can be simpli?ed, and that 
the miniaturiZation and cost-reduction of the device can be 
made. 

[0020] Preferably, the control unit may adjust and limit an 
assisting force or torque When the actuator is used as an 
assisting device. 

[0021] In such a case, the assisting torque is adjusted in 
accordance With an alloWable level for each of individual 
exercisers. Safety can be assured absolutely or in a manner 
suitable for each of the individual exercisers by restricting 
an obviously dangerous force. In the case Where the assisting 
torque is adjusted to a rather loW level, the actuator does not 
operate until an exerciser exerts a certain level of his or her 
poWer to move the drive portion. Consequently, the exer 
ciser cannot depend entirely on the assisting force of the 
actuator. This serves to promote his or her exercise. 

[0022] Preferably, the control unit may make an assisting 
force effective, based on a position or a range of rotational 
angles, at Which a mechanical friction of the drive portion is 
more than a force applied to the drive portion by an exerciser 
moving the drive portion, or at Which the drive portion 
cannot be driven by physical ability of the exerciser, When 
the actuator is used as an assisting device. 

[0023] With such an arrangement, the device compensates 
for the mechanical friction only in a range in Which the 
exerciser cannot rotate the pedal, instead of the entire range 
of one revolution of the drive portion, e.g., pedals. Even in 
the case of an exerciser Who cannot continuously perform 
pedaling because the entire region of rotational angles 
includes parts, in Which the strength of the exerciser (or the 
greatest force exerted by the exerciser) is less than the 
magnitude of mechanical friction, and in Which degradation 
in his or her physical strength due to, for instance, hemiple 
gia, hampers the pedaling by the exerciser, the exercise 
therapy device of the invention enables him to continuously 
perform pedaling. 

[0024] Preferably, When the actuator is used as a load 
device, the control unit may adjust and limit the speed of the 
drive portion during an exerciser performs an exercise While 
moving said drive portion. 

[0025] In such a case, the exerciser can be prevented from 
performing pedaling at an excessive speed during his or her 
exercise. Thus, the exerciser does not pedal at an excessive 
speed. This prevents him from getting a strain in his leg and 
getting ill oWing to an abrupt and strenuous exercise. 

[0026] Preferably, When the actuator is used as an assisting 
device, the control unit may adjust and limit the speed of the 
drive portion during an exerciser performs an exercise While 
moving the drive portion. 

[0027] In such a case, safety can be ensured in absolutely 
or in a manner suitable for each of the individual exercisers 
by setting a maximum or limit speed of the drive portion in 
correlation to a speed at Which each exerciser performs an 
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exercise or moves the drive portion, and by preventing the 
speed of the drive portion from increasing to an obviously 
dangerous value. Moreover, in the case Where the speed 
generated oWing to the assisting torque of the actuator is set 
in such a manner as to be loWer than the pedaling speed to 
be employed at the exercise, the assisting force can be made 
to be effective only in a part, in Which an exerciser can not 
perform pedaling because of fatigue or degradation in his 
strength, of the entire range. Conversely, in a part, in Which 
the exerciser can perform the exercise by himself, he or she 
may be adapted to perform the exercise by using his or her 
oWn strength or force. 

[0028] Moreover, to obtain a constant pedaling speed 
during an exercise, a reaction force (or load) from the drive 
portion or pedals should be balanced against a force applied 
thereto by an exerciser. HoWever, When the actuator is used 
as a load device, the control unit may adjust and limit a load 
torque generated by the actuator to the drive portion during 
the exerciser performs an exercise While moving the drive 
portion. 

[0029] In such a case, as the response of the device is 
enhanced, the exerciser needs to have higher agility, but he 
or she is prevented for exerting an obviously dangerous 
force by restricting the limit of the load torque of the 
actuator in such a control operation. Consequently, the 
exerciser can be prevented from being endangered. In addi 
tion, safety can be ensured in a manner suitable for each of 
individual exercisers. 

[0030] Preferably, the control unit may obtain a load in a 
rotation stopping mode and a loW speed rotation mode of the 
actuator by supplying electric current to the actuator in the 
rotation stopping mode and the loW speed rotation mode. 

[0031] In such a case, in order to alloW the actuator to 
serve as a load, there is no need for the actuator to function 
as a generator Which generates electric poWer to be Waste 
fully consumed though such Wasteful poWer consumption is 
necessary in the conventional devices referred to above. 
Even When generation of sufficient electric poWer for a 
target load is unavailable, as in the case of the conventional 
devices, such a load can be generated by the actuator by 
supplying current thereto. Thus, an exerciser, such as an 
aged person, a patient or the like Who can perform an 
exercise only at a loW speed oWing to his physical ability, 
can use the inventive exercise therapy device in an effective 
load control range. In addition, the inventive exercise 
therapy device makes it possible for healthy persons to 
exercise in a range of speeds, at Which they have not 
achieved yet. 

[0032] Preferably, the control unit may obtain a load 
higher than a rated load by supplying to the actuator a 
current higher than a rated current. 

[0033] In such a case, With the conventional systems 
referred to above, an actuator or generator is required to 
generate electric energy so as provide a load and hence it is 
possible to obtain a rated load at most by means of the 
actuator. In contrast to this, according to the present inven 
tion, a higher load can be obtained by using the same 
actuator. Thus, a compact motor having a loWer rated load 
can be used in the device of the present invention. Conse 
quently, the siZe of the device can be reduced still more. 
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[0034] Preferably, a detector may be provided for detect 
ing a position or an angle of a movable part of the drive 
portion Which is moved by an exerciser When the exerciser 
causes a movement of the drive portion, so that the control 
unit can adjust an amount of a load that is put on the 
exerciser, based on information on the position or angle 
detected by the detector. 

[0035] With this arrangement, as compared With the con 
ventional device in Which the load on the drive portion 
cannot be changed in dependence upon a position or rota 
tional angle thereof Within one revolution, the present inven 
tion enables a change in the load depending upon the 
position or rotational angle of the drive portion. Thus, a 
muscle used for rotating the drive portion (e.g., pedals) 
varies With the position (or rotational angle) of the drive 
portion. HoWever, the load can be adjusted according to the 
muscle to be trained, by changing the load in dependence 
upon the position or rotational angle of the drive portion. 
Consequently, the effective training of muscles can be 
achieved. Additionally, even in the case of exercisers Who 
cannot rotate the pedal in a certain region of rotational 
angles because of degradation in his or her physical strength 
due to, for instance, hemiplegia, the device of the present 
invention enables such exercisers to continuously perform 
an exercise by setting the load on the drive portion in such 
a manner that the load is changed from a value correspond 
ing to the region of rotational angles, in Which such an 
exerciser cannot rotate the pedal, to a value corresponding to 
a region of rotational angles, in Which the exerciser can 
rotate the pedal. 

[0036] Preferably, the control unit may back up a reference 
point of the position or rotational angle of the movable part 
of the drive portion upon interruption of a poWer supply 
When the exerciser performs an exercise While moving the 
drive portion. 

[0037] With this arrangement, When the load is changed 
With the rotational angles, a reference point is inevitably 
established at some angle Within one revolution. HoWever, 
even When the poWer supply is turned off, the reference 
point determined the last time can be stored and reused. This 
eliminates the necessity of setting such a reference point 
again after the poWer supply is turned on. Consequently, this 
saves the trouble of setting an angular reference point each 
time the poWer supply is turned on. Additionally, repeat 
ability is ensured by using the reference point established the 
last time once again. 

[0038] Preferably, the direction of electric current ?oWing 
through the actuator may be reversed by the control unit. 
Thus, the actuator can be used in both cases of normal 
rotation and reverse rotation. 

[0039] With this arrangement, a one-Way clutch can be 
used in a reverse rotation mode. In contrast, With the 
aforementioned conventional devices, an assisting-force 
providing operation and a load providing operation are 
changed from one to the other by using a one-Way clutch, 
and hence it is impossible to use the one-Way clutch in the 
reverse rotation mode because the one-Way clutch does not 
functions in this mode. HoWever, With the device of the 
present invention, the one-Way clutch can be used during a 
reverse rotating movement, in Which muscles used for an 
exercise are different from those used during a forWard 
rotating movement. Thus, during the reverse rotation, the 
inventive device makes it possible for an exerciser to train 
muscles different from those used in the forWard rotation. 
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[0040] Preferably, in the case of performing a constant 
Watt load control operation, as the pedaling speed decreases, 
the load torque applied from the actuator to the drive portion 
should be increased. If such control operation is correctly 
performed, the required load torque increases With reduction 
in the rotational speed of the drive portion. As a result, the 
strength or force exerted by an exerciser becomes closer to 
the limit to the muscle strength thereof. Consequently, it 
becomes dif?cult for the exerciser to perform pedaling. 
HoWever, the control unit may facilitate an exercise by 
limiting the load torque, Which should be increased to a high 
value in a loW speed region, to a loW value When load control 
is performed at a constant Watt. In such a case, the present 
invention is advantageous in that the exerciser easily does an 
exercise While moving the drive portion, e.g., performing 
pedaling. 

[0041] Preferably, the control unit may adjust a load 
torque, Which should be increased to a high value in a loW 
speed region in correspondence With a physical ability of an 
individual exerciser, While taking into consideration of 
available physical strength thereof, so that the load torque is 
limited to a loW value When load control is performed at a 
constant Watt. 

[0042] With this arrangement, differences in limit to the 
muscle strength among the individual exercisers can be 
eliminated. The setting of a load for facilitating the pedaling 
is achieved in correspondence With each of the individual 
exercisers. Thus, the setting of the load can be performed in 
such a manner as to be adapted to the level of the muscle 
strength of each of the individual exercisers. Consequently, 
the present invention can provide ease of pedaling-operation 
to various persons from healthy persons to physically in?rm 
persons. 

[0043] Preferably, the control unit may serve to adjust a 
speed and a load of the drive portion, and is able to adjust 
the load of the drive portion so that the speed, at Which an 
exerciser moves the drive portion, is maintained at a prede 
termined speed even When the exerciser tries to move the 
drive portion at a speed that is higher than the predetermined 
speed. 

[0044] With this arrangement, uniform exercise conditions 
can be speci?ed by setting the rotational speed of the drive 
portion (e.g., the pedaling speed) in such a Way as to have 
a constant value during an exercise. Thus, the exerciser is 
prevented from excessive exercise or motion (e.g., pedaling 
at an excessive speed). This makes it possible to prevent him 
or her from getting a strain in his or her leg and getting ill 
oWing to an abrupt and strenuous exercise. 

[0045] Moreover, to perform the load control operation, 
the output torque of the actuator should be controlled in such 
a Way as to be changed according to a deviation betWeen a 
target speed and a current speed. HoWever, in the case Where 
the response of the actuator can be only uniquely deter 
mined, the output torque is dif?cult to control. According to 
the present invention, hoWever, the control unit may have a 
load control parameter, adjust and determine the response of 
the actuator in accordance With the load control parameter. 

[0046] In this case, the response of the actuator and hence 
the device can be controlled and determined by this control 
parameter. Consequently, the response can easily be 
changed. 
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[0047] Preferably, in the case of an exercise performed by 
a person, the response is evaluated as the exerciser’s feeling 
caused by pedaling. According to the present invention, the 
control unit may set the feeling caused by pedaling, Which 
is the feeling of use of the exercise therapy device When an 
exerciser performs an exercise, by changing the load control 
parameter. 

[0048] In this case, the response can be set in terms of the 
sensation of a person, instead of simple numerical values, 
representing the exerciser’s feeling caused by pushing. 
Therefore, even a person, Who cannot understand the mean 
ing of numerical values, can change the setting of the device 
and can easily adjust the load. 

[0049] Preferably, the control unit may set the load control 
parameter at different values in correspondence With indi 
vidual exercises. 

[0050] In such a case, the optimal value of the response 
evaluated as the feeling caused by pedaling, Which vary With 
the physical ability and muscle strength of each exerciser, 
can be determined in correspondence With each of the 
individual exercisers. When the response is set at the ease 
of-pedaling-operation for healthy persons, it is dif?cult for a 
physically in?rm person to perform pedaling. Thus, the 
response can be set in accordance With the physical ability 
and muscle strength of each exerciser. Consequently, the 
present invention can provide an exercise therapy device by 
Which even physically in?rm persons can easily perform 
pedaling. 

[0051] Preferably, a speed detector may be further pro 
vided for detecting a speed of the movable part of the drive 
portion When the drive portion is moved by an exerciser. In 
this case, the control unit may have an overspeed protection 
function for preventing, based on detected-speed informa 
tion from the speed detector, the movable part from being 
moved beyond a mechanical limit or an electrical limit. 

[0052] With this arrangement, the pedaling is prevented 
from being performed at an excessive speed for the device 
during an exercise. Consequently, the device can be pro 
tected from being damaged due to the excessive speed. 

[0053] Preferably, a current detector may be provided for 
detecting a current ?oWing through the actuator, and the 
control unit may have an overcurrent protection function of 
preventing, based on detected-current information from the 
current detector, an overcurrent that Would otherWise cause 
burning of the control unit. 

[0054] With this arrangement, an instantaneous overcur 
rent can be prevented from ?oWing through the device 
during an exercise. Consequently, the device can be pro 
tected from being damaged oWing to the instantaneous 
overcurrent. 

[0055] Preferably, a current detector may also be provided 
for detecting a current ?oWing through the actuator, and the 
control unit has an overload protection function of prevent 
ing, based on detected-current information from the current 
detector, the actuator from burning oWing to an excessive 
amount of heat. 

[0056] Thus, the temperature of the device can be pre 
vented from rising oWing to a continuous overload during an 
exercise. Consequently, the device can be protected from 
being damaged oWing to the overload. 
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[0057] Preferably, the control unit may set and adjust a 
feeling of use of the exercise therapy device, i.e., the 
exerciser’s feeling caused by pedaling, by means of 
mechanical parameters Which include a spring constant, a 
viscosity coef?cient, and an inertia coef?cient. 

[0058] In this case, the response to be evaluated as the 
exerciser’s feeling caused by pedaling can be determined 
and controlled by employing a mechanical model. Thus, the 
response can be evaluated as a parameter for use in a 
mechanical model. Consequently, the recognition of the 
physical meaning of the response is facilitated. 

[0059] Preferably, the control unit may measure an 
equivalent mechanical parameter of a leg of an individual 
exerciser as a parameter including a spring constant, a 
viscosity coef?cient, and an inertia coef?cient. 

[0060] In this case, an exerciser can be studied by employ 
ing a mechanical model. Further, the physical ability of an 
exerciser can be analyZed according to the mechanical 
model. This might enable analysis on the correlation among 
features of mechanical parameters caused by a disease. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0061] The above and other features, objects and advan 
tages of the present invention Will become apparent from the 
folloWing description of preferred embodiments of the 
invention taken in conjunction With the accompanying draW 
ings in Which like reference characters designate like or 
corresponding parts throughout several vieWs, and in Which: 

[0062] FIG. 1 is a side vieW of an exercise therapy device 
according to a ?rst embodiment of the present invention; 

[0063] FIG. 2 is a perspective vieW of a primary part of 
the ?rst embodiment of the present invention; 

[0064] FIG. 3 is a block diagram illustrating a servo 
ampli?er of the ?rst embodiment of the present invention; 

[0065] FIGS. 4A to 4C are graphs of a load torque control 
mode of the ?rst embodiment of the present invention; 

[0066] FIG. 5 is a block diagram illustrating a primary 
part of a servo ampli?er according to a second embodiment 
of the present invention; 

[0067] FIGS. 6A to 6C are a ?oWchart and diagrams, 
Which illustrate an operation of the second embodiment of 
the present invention; 

[0068] FIG. 7 is a ?oWchart illustrating an operation of a 
third embodiment of the present invention; 

[0069] FIG. 8 is a ?oWchart illustrating an operation of a 
fourth embodiment of the present invention; 

[0070] FIG. 9 is a ?oWchart illustrating an operation of a 
?fth embodiment of the present invention; 

[0071] FIG. 10 is a ?oWchart illustrating an operation of 
a sixth embodiment of the present invention; 

[0072] FIG. 11 is a graph illustrating a heat-resisting 
characteristic of a semiconductor electronic part and a servo 

motor (25); 

[0073] FIG. 12 is a ?oWchart illustrating an operation of 
a seventh embodiment of the present invention; 
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[0074] FIG. 13 is a ?oWchart illustrating an operation of 
an eighth embodiment of the present invention; and 

[0075] FIG. 14 is a diagram schematically illustrating the 
construction of a conventional exercise therapy device. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0076] Hereinafter, the preferred embodiments of the 
present invention Will be described in detail While referring 
to the accompanying draWings. 

[0077] First Embodiment 

[0078] FIG. 1 schematically illustrates the construction of 
an exercise therapy device constructed in accordance With 
principles of the present invention, and FIG. 2 perspectively 
illustrates a primary portion of the exercise therapy device of 
the present invention. 

[0079] In FIG. 1, the exercise therapy device of the 
present invention includes a main portion 20 Which has an 
assist driving function of assisting a rotational motion of a 
exerciser in a range of the rotational speed of a pair of pedals 
22, Which is equal to or less than a predetermined value, a 
load reduction driving function of reducing a dynamic 
friction load of a mechanical system of the device in a loW 
rotational speed range, and a load providing function of 
providing a load on the rotational motion of the exerciser 
When the exerciser rotates the pedals 22 in a high and a 
middle rotational speed range. 

[0080] The main portion 20 of the exercise therapy device 
includes a pedal shaft pulley 21 having the pair of pedals 22 
Which are ?xedly coupled thereto for integral rotation and 
serve as a drive portion, a servo motor 25 acting as an 

actuator, a poWer transmission mechanism T for transmitting 
a rotational force of the servo motor 25 to the pedal shaft 
pulley 21, and a servo ampli?er 27 serving as a control unit 
for controlling the servo motor 25. 

[0081] The poWer transmission mechanism T comprises 
intermediate pulleys 23a and 23b respectively ?xed to 
opposite ends of an intermediate shaft 23, a belt 24 looped 
betWeen the intermediate pulley 23a and the pedal shaft 
pulley 21, and a belt 26 looped betWeen the intermediate 
pulley 23b and the servo motor 25. The belts 24 and 26 of 
the poWer transmission mechanism T may be chains, like 
other force transmission member or mechanism. Further, the 
servo motor 25 contains a speed sensor 25a in the form of 
an encoder serving as a speed detecting portion for detecting 
the rotational speed of the servo motor. 

[0082] Ahandle pole 28 is mounted on the main portion 20 
of the exercise therapy device, and a handle 29 is mounted 
on the handle pole 28. A display/operation portion 30 is 
attached to the handle pole 28 at a location above the handle 
29 With its display panel directed toWard the exerciser. When 
a pedaling exercise is performed, an operator or exerciser 
can carry out various settings With respect to loads, the 
contents of control program ?les, motor-driving modes such 
as an assist driving mode, a Zero load driving mode, etc., 
through the display/operation portion 30. 

[0083] Areclining chair 31 is disposed at a position to face 
the main portion 20, and it is slidably mounted on a chair 
base 33 so that it is moved toWard and aWay from the main 
portion 20 and the display portion 30 through manipulation 


















