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(54) Motor control apparatus providing exercise resistance and auto-rewinding functions

(57)  Amotor control apparatus providing an exercise
resistance and an auto-rewinding function mainly em-
ploys a microprocessor (10) to operate with a current
detection feedback loop (12) and a motor rotation speed
detection loop (14) for precisely controlling a quick ran-
dom operation of a motor (20) such that an axle (22) of

the motor (20) can quickly control a loss braking unit (40)
and a power driving unit (30) based on the existence of
an external force, and the motor (20) can automatically
switch to an electric generator output mode (for providing
an exercise resistance) or an electric machine output
mode (for providing the automatic rewinding function).
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Description
BACKGROUND OF THE INVENTION
1. Fields of the Invention

[0001] The presentinvention relates to a motor control
apparatus for providing an exercise resistance and an
automatic rewinding function, and more particularly to a
motor operating with a microprocessor for selectively ex-
ecuting two different output modes: an electric generator
mode or a power machine mode of the motor and the
motor is applied in various different fithess equipments
such as a weight lifting machine and a rowing exercise
machine for stretching exercises and thus simplifying the
components of the fitness machine.

2. Description of the Related Art

[0002] As we all know, a traditional weight lifting ma-
chine (notshown in the figure) usually uses metal weights
asthe source of exercise resistance, and the weight lifting
machine comes with complicated components and large
volume that result in wasting spaces and generating nois-
es. Therefore, manufacturers try to replace the metal
weights or flywheels with a motor operated in an electric
machine output mode and provide an exercise resistance
to various different fithess equipments such as the fithess
machines with a design of an electric motor as disclosed
in U.S. Pat. Nos. 6,790,163, 5,762,584 and 5,435,798,
so asto provide the expected exercise resistance. There-
after, a built-in program of a microprocessor is operated
together with the motion of a force measuring device for
the clockwise and counterclockwise rotations of a motor
of the electric machine in order to provide a resistance
and rewinding function as disclosed in R.O.C. Pat. No.
1268789 entitled "Programmable control resistance ap-
paratus and method used for fitness equipment".
[0003] Although R.O.C. Pat. No. 1268789 can achieve
the expected effect, any person with ordinary skill in the
electric field knows about that when the axle of an electric
machine is braked in a reverse direction, the electric ma-
chine willhave a"plugging" phenomenon. In other words,
the electric machine will produce several generated cur-
rent feedbacks to the overall circuit system, such that if
the generated current is not eliminated properly, then the
life expectancy of the motor and the overall circuit system
will be affected adversely.

[0004] Further,the aforementioned patent uses aforce
measuring device to measure the data of a force exerted
onto a rope, and the detected data is compared with a
predetermined value of the microprocessor to control the
clockwise and counterclockwise rotation of the motor, or
even provide an appropriate safety response based on
the existence of an abnormal force exerted onto the rope.
In fact, the force measuring device usually has to go
through a "stable" process each time when a user sets
the unit measuring time (which is similar to a fluctuation
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of the readings at an early stage of a measurement oc-
curred when we stand on a scale to measure our body
weight), and thus we can obtain the best measured read-
ing, but such arrangement greatly slows down the re-
sponse of the overall circuit system. Simply speaking,
the conventional resistance control apparatus is unable
to cope with the natural response speed of a general
exerciser’s brain and limbs, unless the exerciser is op-
erating and exercising at a very slow constant speed.

SUMMARY OF THE INVENTION

[0005] In view of the shortcomings of the prior art, the
inventor of the present invention based on years of ex-
perience in the related industry to conduct extensive re-
searches and experiments, and finally invented and de-
veloped a motor control apparatus for operating a motor
at different output modes, so as to achieve the expected
effect of simplifying the structure of the motor and reduc-
ing the components as well as maintaining a long life
expectancy of the motor.

[0006] Therefore, it is a problem underlying the inven-
tion to provide a motor control apparatus as mentioned
in the introductory passage that is simplified in structure
reducing the components as well as maintaining a long
life expectancy of the motor.

[0007] This problem is solved by a motor control ap-
paratus of the kind mentioned that is characterized in that
a microprocessor is operated together with a current de-
tection feedback loop and a motor rotation speed detec-
tion loop for precisely controlling a quick random opera-
tion of a motor, such that the motor axle can control a
loss braking unit and a power driving unit based on the
existence of an external force, and the motor can be
switched automatically to an electric generator output
mode or an electric machine output mode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] A preferred embodiment of the invention will be-
come apparent from the following description and its ac-
companying drawings of which:

FIG. 1 is a schematic view of a basic circuit layout
in accordance with a preferred embodiment of the
present invention; and

FIG. 2 is a schematic view of the rotating direction
of a motor axle in accordance with a preferred em-
bodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0009] The present invention will now be described in
more detail hereinafter with reference to the accompa-
nying drawings that show a preferred embodiment of the
invention.

[0010] Firstly, it is noteworthy to point out that the so-
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called "electric generator output mode" of a motor refers
to an output mode that converts mechanical energy (ex-
ternal force) into electric energy, and the so-called "elec-
tric machine output mode" of the motor refers to another
output mode that converts electric energy into mechan-
ical energy. A motor can selectively carry out two different
output modes through different circuit layouts, and it re-
lates to the basic principle of electromagnetic induction,
and the present invention is a novel control apparatus
with a design based on such natural law and applied in
various different fithess equipments for stretching exer-
cises such as a weight lifting machine and a rowing ma-
chine.

[0011] Referring to FIGS. 1 and 2 for a preferred em-
bodiment of the present invention, a microprocessor 10
is operated together with a current detection feedback
loop 12 and a motor rotation speed detection loop 14 for
precisely controlling the quick random operation of a mo-
tor 20, such that an axle 22 of the motor 20 can quickly
control a loss braking unit 40 and a power driving unit 30
based on the existence of an external force, and the mo-
tor can automatically switch to an electric generator out-
put mode (for providing an exercise resistance) or an
electric machine output mode (for providing the automat-
ic rewinding function).

[0012] The process of operating and controlling the
motor 20 is described as follows:

[0013] For the electric generator output mode, when
the axle 22 of the motor 20 is exerted by a force and
rotated towards a stretching direction A (which is equiv-
alent to a user pulling a transmission belt 24), the micro-
processor 10 commands a power driving unit 30 to stop
the operation through an announcement of the current
detection feedback loop 12, and a loss braking unit 40 is
electrically conducted, and then aload resistance 50 con-
sumes and eliminates the energy produced in the electric
generating mode.

[0014] Forthe electric machine output mode, when the
axle 22 of the motor 20 is paused or stopped (which is
equivalent to a user stopping applying a force to release
the transmission belt 24), the microprocessor 10 com-
mands the power driving unit 30 to be electrically con-
ducted, and supplies electric energy from a power supply
end 60 to start winding in the winding direction B, and
the loss braking unit 40 stops the operation synchronous-
ly through the same current detection feedback loop 12.
[0015] Regardless of the electric generator output
mode or the electric machine output mode of the motor
20, the current detection feedback loop 12 monitors the
currentvalues of both power driving unit 30 and loss brak-
ing unit 40 all the time, so that the operating procedure
of the actual application requires a user to set a desired
exercise weight or resistance (hereinafter referred to as
"Current Output Setting") from a parameter setting end
70. Before an external stretching force acts on the axle
22 of the motor 20, the motor 20 is in the electric machine
output mode, and the output torque is equal to the afore-
mentioned current output setting. If the axle 22 of the
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motor 20 is pulled in an opposite direction by an external
force, the current detection feedback loop 12 will detect
the occurrence of the generated current and will imme-
diately return a message to the microprocessor 10, so
that the motor 20 will quickly switch to the electric gen-
erator output mode. If the external force is paused or
released, the generated current will disappear, and thus
the motor 20 will switch to the electric machine output
mode. This repeated operation can actually simulate the
expected effect similar to the natural gravitational force
of the metal weights or the winding motions.

[0016] Further, the generated electric energy of the
motor 20 or the torque of the rewinding are set from the
parameter setting end 70 in advance, so that the micro-
processor 10 can make an appropriate control (for con-
trolling the magnitude of current) according to the prede-
termined settings, but the basic operating and control
method of a motor is a prior art and will not be described
here.

[0017] The load resistance 50 eliminates the generat-
ed electric energy mainly by converting the electric en-
ergy into heat energy which is consumed or dissipated.
Of course, the invention also can build a conducting path
(not shown in the figure) to conduct and eliminate the
electric energy appropriately, so as to prevent the occur-
rence of the "plugging” phenomenon.

[0018] The motor rotation speed detection loop 14 is
provided for monitoring the rotation speed of the axle 22
of the motor 20 all the time, and computing the inertia of
the axle 22 and the gravitational acceleration, and thus
the motor rotation speed detection loop 14 can detect
the user’s exercise conditions during the whole course
of exercise, and the microprocessor 10 can adjust and
control the current output settings of the loss braking unit
40 and the power driving unit 30 quickly to match the
user’s expected weight setting for the whole course of
exercise. In other words, the whole course of exercise
can be monitored and controlled to simulate the natural
exercise conditions, such that a user can achieve the
isokinetic muscular training effect. Once if the motor ro-
tation speed detection loop 14 detects an abnormal con-
dition of the axle 22 of the motor 20, an appropriate safety
response (such as stopping the operation of the overall
circuit or retarding the rotation speed of the motor 20)
will be performed according to the built-in program of the
microprocessor 10.

[0019] The microprocessor 10 operates according to
the settings of the built-in software program, which is a
prior art and thus will not be described here.

[0020] After the current output setting is completed,
the motor 20 immediately supplies the corresponding
current output in the electric machine output mode. In
other words, before the present invention is used, a nat-
ural gravitational force similar to the metal weights is ap-
plied to a transmission belt 24. Obviously, the design of
the present invention is close to the actual exercise con-
ditions.

[0021] After the current output setting is completed,
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the built-in timer (not shown in the figure) of microproc-
essor 10 sets the current output time of the motor 20. In
otherwords, if the transmission belt 24 is not pulled within
the set time, the power will be disconnected timely to
protect the motor 20.

[0022] Many changes and modifications in the above-
described embodiments of the invention can, of course,
be carried out without departing from the scope thereof.
Accordingly, to promote the progress in science and the
useful arts, the invention is disclosed and is intended to
be limited only by the scope of the appended claims.

Claims

1. A motor control apparatus for providing an exercise
resistance and an automatic rewinding function,
characterized in that a microprocessor (10) is op-
erated together with a current detection feedback
loop (12) and a motor rotation speed detection loop
(14) for precisely controlling a quick random opera-
tion of a motor (20), such that the motor axle (22)
can control a loss braking unit (40) and a power driv-
ing unit (30) based on the existence of an external
force, and the motor (20) can be switched automat-
ically to an electric generator output mode or an elec-
tric machine output mode.

2. The motor control apparatus for providing an exer-
cise resistance and an automatic rewinding function
as recited in claim 1, wherein the operating control
procedure includes an electric generator output
mode and an electric machine output mode; for the
electric generator output mode, when an external
force is exerted onto the motor axle (22) to rotate the
motor axle (22) towards a stretching direction, a mi-
croprocessor (10) commands the power driving unit
(30) to stop operating through an announcement of
the current detection feedback loop (12) , and loss
braking unit (40) is electrically conducted, and the
load resistance eliminates the loss of energy pro-
duced in the electric generating mode; and for the
electric machine output mode, when the external
force of the motor axle (22) is paused or released,
the microprocessor (10) commands the power driv-
ing unit (30) to be electrically conducted through the
same current detection feedback loop (12), and a
power supply end supplies electric energy to start
producing a reverse winding motion, and the loss
braking unit (40) stops operating synchronously.

3. The motor control apparatus for providing an exer-
cise resistance and an automatic rewinding function
as recited in claim 1, wherein the motor (20) is in the
electric machine output mode before an external
stretching force acts on the axle (22) of the motor
(20).
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4.

The motor control apparatus for providing an exer-
cise resistance and an automatic rewinding function
as recited in claim 1, wherein the motor rotation
speed detection loop (14) is provided for monitoring
the rotation speed of the axle (22) of the motor (20)
all the time, and computing the inertia of the axle (22)
and the gravitational acceleration, and thus the mo-
tor rotation speed detection loop (14) can detect the
user’s exercise conditions during the whole course
of exercise, and the microprocessor (10) can adjust
and control the current output settings of the loss
braking unit (40) and the power driving unit (30)
quickly to match the user’s expected weight setting
for the whole course of exercise.

The motor control apparatus for providing an exer-
cise resistance and an automatic rewinding function
as recited in claim 1, wherein once if the motor rota-
tion speed detection loop (14) detects an abnormal
condition of the axle (22) of the motor (20), an ap-
propriate safety response will be performed accord-
ing to the built-in program of the microprocessor (10).
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