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prises a control means for the DC motor compris- ing means for sensing the
extent of the displace- Technical field
ment of the user interface to provide a displace- The present invention
relates to a control for a   ment signal [err] proportional thereto, and
means DC motor coupled to a user interface to simulate a    5    responsive
to the displacement signal (VD) for weight stack in an exercise machine and
more       controlling the DC motor to cause the motor to particularly to a
control for a DC motor simulating  provide a motive force as a function of
the a weight stack initially supported by a spring over  displacement of
the user interface, attaining the small displacements of the user
interface.           value of the counterforce only after movement of to
the user interface through an initial displacement Background of the
invention                          from a rest position, in order to
simulate a weight Exercise machines are known in which various       stack
that is initially supported by a spring. devices are used to simulate a
weight stack to        In a preferred embodiment of the invention the
provide a counterforce to a user of the machine.     control includes a
position transducer for sensing One  known  exercise  machine  employs  a
15   the displacement of the rotor or armature of the hydraulic cylinder to
apply a counterforce to an     DC motor and thus the displacement of the
user exercise bar engaged by the user wherein a           interface to
provide a voltage proportional computer controls the force applied by the
thereto. The control also includes a potentiometer hydraulic cylinder.
Another known type of exer-      for providing a maximum torque voltage
which cise machine employs an alternator or generator   20   represents the
maximum counterforce to be pro- coupled to an electrical load resistor to
apply a    vided by the DC motor to simulate the total counterforce to the
user. In this type of machine,   weight of the weight stack. A circuit is
provided as the rotational velocity of the alternator or      which forms a
control voltage from the minimum generator increases, so does the
counterforce felt   of the displacement voltage and the maximum by the
user. These known types of exercise   25   torque voltage such that the
control voltage machines are very costly and do not adequately
increases in proportion with the displacement simulate a weight stack.
voltage to the level of the maximum  torque To provide an economical
exercise machine, it      voltage. The control voltage is used to generate
is desirable to use a DC motor to provide a          an armature current
for the DC motor, the arma- counterforce which simulates a weight stack.
30   ture current being proportional to the control Attempts have been made
to provide a DC motor        voltage in order to soft start the DC motor
and to apply the counterforce against the user as soon   provide a
counterforce which gradually increases as the user interface or exercise
bar is displaced.  to a maximum value when the user interface is Such
attempts are described in EP-A-148671           initially displaced. and
EP-A-60302. When using machines accord-   35 ing to the teachings of those
earlier Patents,       Brief description of the drawings however, it was
found that the machines always         Figure 1 is a schematic diagram of
the DC motor had the most unnatural 'feel'. For that reason the   control
circuit for an exercise machine according use of motors to simulate a
weight stack never       to the present invention; and gained wide user
acceptance.                   40      Figure 2 is a graph illustrating how
the control voltage generated for the DC motor of Figure 1 Summary of the
invention                             varies as a function of displacement
of the user The invention is based on an appreciation of the  interface.
reason for the user-rejection of earlier proposed motor control to simulate
a weight stack. The    45    Best mode for carrying out the invention
instability and unnatural 'feel' associated with      The exercise machine
of the present invention, such apparatus is associated with the size of the
as shown in Figure 1, includes a user interface 10 counterforce applied
when the user interface or      such as an exercise bar or the like which
is exercise bar is moved only marginally from its       engaged by a user
of the machine to exert a force. rest position. The Applicants have found
that by    50   The user interface 10 is coupled to a DC motor 12
controlling the counterforce provided by the         which exerts a
counterforce against the user. The motor in the initial stages of movement,
and         DC motor 12 is controlled by the remaining establishing the
maximum  counterforce only          portion of the circuit shown in Figure
1 to provide when the user interface or exercise bar has          a
counterforce  which simulates a weight stack moved through a small initial
displacement, user   55   initially supported by a spring over very small
acceptance of the apparatus is vastly improved.      displacements of the
user interface. The Applicants have described the start charac-       A
position transducer 14 is provided to sense teristic of the motor control
of their invention as a  the position of the armature or rotor 16 of the DC
'soft-start' characteristic.                         motor 12. The position
transducer 14 provides a The invention provides an exercise machine    60
voltage, VD, as shown in Figure 2, which is having a user interface engaged
by the user          proportional to the displacement of the rotor 16 



during exercising and a DC motor coupled to the.     and thus proportional
to the displacement of the user interface for exerting against the user a
user interface 10. The displacement voltage VD is counterforce simulating a
weight stack, charac-      coupled to the non-inverting input terminal 18
of terised in that the exercise machine further com-   65   an operational
amplifier 20, which is configured 2    3                EP  0 231 631  B1
4 as a voltage follower. The output of the operational   counterforce which
simulates a weight stack amplifier 20 is coupled to the cathode of a diode
22,  initially supported by a spring. When the user the anode of which is
coupled to + 15 volts through    interface 10 is displaced about one-half
of an inch a 1k [err] resistor 24.                                    (1.2
cm) as shown in Figure 2, the displacement A potentiometer 26, which is
coupled to +15     5    voltage, [err], equals the maximum torque voltage,
volts, provides a maximum torque voltage, [err]      Vmax. As the user
interface 10 is displaced more, [err] which represents the maximum
counterforce to be        rises above [err]. Because Vc follows the minimum
provided by the DC motor 12 to simulate the total      of [err] and [err]
when the user interface is displaced weight of the weight stack. By varying
the setting     one-half of an inch (1.2 cm) or more, Vc remains of  the
potentiometer  26,  the  maximum        to   equal to the constant maximum
torque voltage, counterforce or total weight of the stack simulated
[err]. The power blocks respond to the maximum by the DC motor 12 can be
changed. The maximum         control voltage to provide the maximum
armature torque voltage, [err] is applied to the non-invert-    current to
the DC motor 12 to cause the motor to ing input terminal 28 of an
operational amplifier 30   provide a counterforce simulating the total
weight which is also configured as a voltage follower. The    15   of a
weight stack supported by a spring. Because output of the operational
amplifier 30 is coupled to   the DC motor is soft started, the control
circuit the cathode of a diode 32. the anode of which is       shown in
Figure 1 is very stable as well as coupled to +15 volts through the
resistor 24 to        economical. control the maximum value of a control
voltage, Vc, generated at node 34. The control voltage [err]    20
Claims follows the lesser of the displacement voltage VD and the maximum
torque voltage [err] so that it           1. An exercise machine having a
user interface increases gradually in proportion with VD to the       (10)
engaged by the user during exercising and a level of [err]
DC motor (12) coupled to the userinterface (10) for The control voltage Vc
is coupled to a plurality of    25    exerting against the user a
counterforce simulat- power blocks through a voltage divider 40 corm-
ing a weight stack, characterised in that the prised of a 9.1k [err]
resistor 42 and a 910 [err] resistor    exercise machine further comprises
a control 44. For simplicity only two power blocks 36 and 38     means for
the DC motor comprising:' out of a plurality of power blocks, numbering on
means (14) for sensing the extent of the dis- the order of ten for example,
are shown in Figure 1.   30    placement of the user interface (10) to
provide a The power blocks are connected in parallel and
displacement signal (VD) proportional thereto; and coupled to the DC motor
12 to control the armature       means (20, 30) responsive to the
displacement current, i., of the motor. Each power block, as        signal
[err] for controlling the DC motor (12) to shown for block 36, includes an
operational ampli-     cause the motor to provide a motive force as a fier
46 having a non-inverting input terminal to    35   function of the
displacement of the user interface which is applied the reduced control
voltage from      (10), attaining the value of the counterforce only the
voltage divider 40. The output of each oper-       after movement of the
user interface (10) through ational amplifier is coupled to the base of a
an initial displacement from a rest position in order transistor 48, the
emitter of which is connected to    to simulate a weight stack that is
initially ground through a.1 [err] resistor 50. The transistor 48    40
supported by a spring. may be a 710 amp, 760 watt Darlington transistor
2. An exercise machine according to claim 1,
orapowerFET.Whencurrentfromtheoperational              wherein the motive
force during the initial dis- amplifier 46 is applied to the base of the
transistor  placement of the user interface (10) rises as a linear 48, a
collector current [err] is provided which is          function of
displacement until it reaches the value proportional to the control voltage
[err]. The arma-    45    of the counterforce. ture current i, of the DC
motor 12 is equal to the       3. An exercise machine according to either
sum of the collector currents [err] from each of the      preceding claim,
wherein the initial displacement power blocks36 through 38.That is, [err]
where n      of the user interface (10) is a linear displacement of is
equal to the number of power blocks. The            approximately 0.5
inches (1.2 cm). armature current [err] is proportional to the control
50  4. An exercise machine according to any preced- voltage Vc so that it
increases gradually over small   ing claim, wherein the motor control means
(20, displacements of the user interface 1 0 to soft start  30) comprises:
the DC motor 12.                                         means (20, 30)
responsive to the displacement 



When a user initially engages the interface 10 to    signal [err] for
providing a control voltage (Vc) exert a force against the force provided
by the DC    55    which increases to a maximum value (V max) in motor 12,
the position transducer generates a          proportion to the displacement
signal; and voltage VD, as shown in Figure 2 which gradually         means
(40. 36, 38) coupling the control voltage increases as a function of the
displacement of the     [err] to the DC motor (12) to control the motor.
user interface. When [err] is less than the maximum         5. An exercise
machine according to claim 4. torque voltage [err] the control voltage Vc
applied    60    wherein the control voltage providing means (20, to the
voltage divider 40 follows [err]. The power        30) includes: blocks 36
through 38, in turn generate an armature       a first voltage follower
(20), to an input (18) of current which gradually increases in proportion
to     which is applied the displacement signal [err] to [err] when [err]
to soft start the DC motor 12.         provide a voltage which is
proportional to the During this period the DC motor 12 provides a    65
displacement of the user interface; 3    3               EP  0 231 631  B1
4 as a voltage follower. The output of the operational  counterforce which
simulates a weight stack amplifier 20 is coupled to the cathode of a diode
22,  initially supported by a spring. When the user the anode of which is
coupled to +15volts through   interface 10 is displaced about one-half of
an inch a 1k [err] resistor 24.                                  (1.2 cm)
as shown in Figure 2, the displacement A potentiometer 26, which is coupled
to +15    5    voltage, VD, equals the maximum torque voltage, volts,
provides a maximum torque voltage, [err]     [err]. As the user interface
10 is displaced more, VD which represents the maximum counterforce to be
rises above [err]. Because Vc follows the minimum provided by the DC motor
12 to simulate the total    of [err] and [err] when the user interface is
displaced weight of the weight stack. By varying the setting   one-half of
an inch (1.2 cm) or more, Vc remains of  the  potentiometer  26,  the
maximum    10   equal to the constant maximum torque voltage, counterforce
or total weight of the stack simulated  [err] The power blocks respond to
the maximum by the DC motor 12 can be changed. The maximum       control
voltage to provide the maximum armature torque voltage, [err], is applied
to the non-invert-  current to the DC motor 12 to cause the motor to ing
input terminal 28 of an operational amplifier 30  provide a counterforce
simulating the total weight which is also configured as a voltage follower.
The    15   of a weight stack supported by a spring. Because
outputoftheoperationalamplifier30iscoupledto        the DC motor is soft
started, the control circuit the cathode of a diode 32, the anode of which
is     shown in Figure 1 is very stable as well as coupled to +15 volts
through the resistor 24 to      economical. control the maximum value of a
control voltage, Vc, generated at node 34. The control voltage Vc   20
Claims follows the lesser of the displacement voltage [err] and the maximum
torque voltage [err] so that it        1. An exercise machine having a user
interface increases gradually in proportion with VD to the    (10) engaged
by the user during exercising and a level of [err].
DC motor (12) coupled to the user interface (10) for The control voltage Vc
is coupled to a plurality of   25   exerting against the user a
counterforce simulat- power blocks through a voltage divider 40 com-
ing a weight stack, characterised in that the prised of a 9.1k [err]
resistor 42 and a 910 [err] resistor  exercise machine further comprises a
control 44. For simplicity only two power blocks 36 and 38   means for the
DC motor comprising: out of a plurality of power blocks, numbering on
means (14) for sensing the extent of the dis- the order of ten forexample,
are shown in Figure 1.   30   placement of the user interface (10) to
provide a The power blocks are connected in parallel and       displacement
signal (VD) proportional thereto; and coupled to the DC motor 12 to control
the armature     means (20, 30) responsive to the displacement current,
[err] of the motor. Each power block, as      signal (VD) for controlling
the DC motor (12) to shown for block 36, includes an operational ampli-
cause the motor to provide a motive force as a fier 46 having a
non-inverting input terminal to   35   function of the displacement of the
user interface which is applied the reduced control voltage from    (10),
attaining the value of the counterforce only the voltage divider 40. The
output of each oper-     after movement of the user interface (10) through
ational amplifier is coupled to the base of a
aninitialdisplacementfromarestpositioninorder transistor 48, the emitter of
which is connected to  to simulate a weight stack that is initially
groundthrougha.1 [err] resistor 50.Thetransistor48    40   supported by a
spring. may be a 710 amp, 760 watt Darlington transistor       2. An
exercise machine according to claim 1,
orapowerFET.Whencurrentfromtheoperational            wherein the motive
force during the initial dis- amplifier 46 is applied to the base of the
transistor  placement of the user interface (10) rises as a linear 48, a
collector current [err] is provided which is      function of displacement
until it reaches the value proportional to the control voltage [err]. The
arma-   45   of the counterforce. 



ture current i. of the DC motor 12 is equal to the     3. An exercise
machine according to either sum of the collector currents [err] from each
of the    preceding claim, wherein the initial displacement
powerblocks36through 38.That is, [err]mwhere n       of the user interface
(10) is a linear displacement of is equal to the number of power blocks.
The          approximately 0.5 inches (1.2 cm). armature current [err] is
proportional to the control   50  4. An exercise machine according to any
preced- voltage Vc so that it increases gradually over small  ing claim,
wherein the motor control means (20, displacements of the user interface 10
to soft start  30) comprises: the DC motor 12.
means (20, 30) responsive to the displacement When a user initially engages
the interface 10 to  signal [err] for providing a control voltage [err]
exert a force against the force provided by the DC    55   which increases
to a maximum value (V max) in motor 12, the position transducer generates a
proportion to the displacement signal; and voltage VD, as shown in Figure 2
which gradually       means (40, 36, 38) coupling the control voltage
increases as a function of the displacement of the  [err] to the DC motor
(12) to control the motor. user interface. When [err] is less than the
maximum       5. An exercise machine according to claim 4, torque voltage
[err], the control voltage Vc applied    60   wherein the control voltage
providing means (20, to the voltage divider 40 follows [err]. The power
30) includes: blocks36through38,inturngenerateanarmature             a
first voltage follower (20), to an input (18) of current which gradually
increases in proportion to   which is applied the displacement signal (VD)
to VD when [err] to soft start the DC motor 12.      provide a voltage
which is proportional to the During this period the DC motor 12 provides a
65   displacement of the user interface; 3    5               EP  0231 631
B2                     6 a second voltage follower (30), to an input (28)
einen Eingang (18) das Verschiebungssignal (VD) of which is applied a
signal (V max) representing    zur Erzeugung einer zur Verschiebung der
Benut- the maximum counterforce to be exerted by said      zerschnittstelle
proportionalen Spannung ange- DC motor; and
legt ist, means coupled to the outputs of the first and    5   einen
zweiten Spannungsfolger (30), an dessen second voltage followers for
selecting the mini-     einen Eingang (28) ein die maximale Gegenkraft mum
voltage output from the followers as the        des Gleichstrommotors
darstellendes Signal (V control voltage [err]
max) angelegt ist, und 6. An exercise machine according to claim 4 or
ein an die Ausgange des ersten und zweiten claim 5, wherein the means
coupling the control   10   Spannungsfolgers gekoppeltes Mittel beinhalten,
voltage [err] to the DC motor (12) comprises a   -    das als
Steuerspannurig [err] die Mindest-Span- plurality of power units (36, 38)
controlled by the  nungsleistung der Spannungsfolger wahlt. control voltage
[err] to limit the armature current     6. Ubungsgerat gemal3 Anspruch  4
oder [err] through the DC motor (12) and thereby to       Anspruch 5, wobei
die Mittel, die die Steuerspan- control the output torque of the motor.
15   nung (Vj) an den Gleichstrommotor (10) koppeln, aus mehreren
Netzteilen (36, 38) bestehen, die Patentanspruche
dadurch dal3 sie von der Steuerspannung (Vj) gesteuert werden, den durch
den Gleichstrommo- 1. Obungsgerat mit einer Benutzerschnittstelle    tor
(12) flietenden Ankerstrom (i.) begrenzen und (10), an der der Benutzer
wahrend der Obung    20   somit das Ausgangsdrehmoment des Motors angreift,
und einem mit der Benutzerschnittstelle   steuern. gekoppelten
Gleichstrommotor (12), der eine gegen den Benutzer gerichtete, einen
Gewichts-       Revendications stapel simulierende Gegenkraft aus~bt,
dadurch gekennzeichnet dass das Obungsgerat weiterhin   25    1. Machine
d'exercice ayant une interface (10) eine den Gleichstrommotor steuernde
Vorrich-         d'utilisateur qui est prise par l'utilisateur en cours
tung aufweist, die folgende Teile beinhaltet:        d'exercice et un
moteur (12) A courant continu ein Mittel (14) zum  Abtasten des Verschie-
coupl6 a l'interface (10) d'utilisateur pour exercer bungsgrades der
Benutzerschnittstelle (10) und       contre l'utilisateur une force opposee
simulant un Bereitstellen eines der Verschiebung proportiona-   30
empilage de poids, caracterisee en ce que la len Verschiebungssignales (VD)
und                   machine d'exercice comprend en outre des auf das
Verschiebungssignal (VD) anspre-           moyens de commande pour le
moteur a courant chende Mittel (20, 30) die den Gleichstrommotor
continu comprenant: (12) so steuern, dag dieser eine der Verschiebung
un moyen (14) destine a detecter le degre du der Benutzerschnittstelle
(10) entsprechende    35   deplacement de l'interface (10) d'utilisateur
pour bewegende Kraft bereitstellt, die den Wert der       produire un
signal de deplacement (VD) qui lui est Gegenkraft erst nach einer
anfanglichen Verschie-    proportionnel; et 



bung der Benutzerschnittstelle (10) aus einer          des moyens (20, 30)
qui, en reponse au signal Ruhestellung  heraus erreicht, um  so einen
de deplacement (V.), sont destin6s a commander anfanglich  von  einer
Feder  unterstutzten    40   le moteur a courant continu (12) pour amener
le Gewichtsstapel zu simulieren.                        moteur & produire
une force motrice en fonction 2. Ubungsgerat gemal Anspruch 1, wobei die
du deplacement de l'interface (10) d'utilisateur, bewegende Kraft wahrend
der anfanglichen Ver-        atteignant la valeur de la force opposee
seule- '    schiebung der Benutzerschnittstelle (10) linear     ment apres
un mouvement de I'interface (10) abhangig von dieser ansteigt, bis sie den
Wert der   45   d'utilisateur sur un deplacement initial depuis une
Gegenkraft erreicht hat.                             position de repos,
afin de simuler un empilage de 3. Ubungsgerat gemaB einem der vorhergehen-
poids qui est initialement supporte par un ressort. den Anspruche, wobei
die anfingliche Verschie-         2. Machine d'exercice selon la
revendication 1, bung der Benutzerschnittstelle (10) ca. 0,5 lineare  dans
laquelle la force motrice durant le deplace- Zoll (1,2 cm) betragt.
50    ment initial de l'interface (10) d'utilisateur croit 4. Ubungsgerat
gemal einem der vorhergehen-        suivant une fonction lineaire du
deplacement den Anspruche, wobei die Motorsteuermittel (20,     jusqu'A ce
qu'elle atteigne la valeur de la force 30) folgende Teile beinhalten:
oppos6e. auf das Verschiebungssignal (VD) anspre-             3. Machine
d'exercice selon chacune des reven- chende Mittel (20, 30) zum
Bereitstellen einer zum    55   dications precedentes, dans laquelle le
deplace- Verschiebungssignal - proportionalen, auf einen      ment initial
de l'interface (10) de l'utilisateur est Hochstwert (V max) ansteigenden
Steuerspan-          un deplacement lineaire d'environ 0,5 inch (1,2 nung
(Vj) und                                       cm). Mittel (40, 36, 38) zum
Koppeln der Steuerspan-     4. Machine d'exercice selon l'une quelconque
nung (Vj) an den Gleichstrommotor (12) zu des-   60   des revendications
precedentes, dans laquelle les sen Steuerung.
moyens (20, 30) de commande du moteur com- 5. Ubungsgerat gemal3 Anspruch
4, wobei die        prennent: die Steuerspannung bereitstellenden Mittel
(20,       des moyens (20, 30) qui, en reponse au signal 30)
de deplacement-(Ve , sont destines a produire une einen ersten
Spannungsfolger (20), an dessen    65   tension de commande (Vcj qui croit
jusqu'a une 4    7               EP 0 231 631  B1                    8
valeur maximale (V max) proportionnellement au      devant Atre exercee par
ledit moteur A courant signal de deplacement; et
continu; et des moyens (40, 36, 38) couplant la tension de      des moyens
couples aux sorties des premier et commande (VN) au moteur (12) A courant
continu      second 6lements A charge de tension pour s6lec- pour commander
le moteur.                      5    tionner la tension minimale de sortie
de ces 5. Machine d'exercice selon la revendication 4,   6lements en tant
que tension de commande (Vc). dans laquelle les moyens (20, 30) produisant
la       6. Machine d'exercice selon la revendication 4 tension de commande
comprennent:                    ou la revendication 5, dans laquelle les
moyens un premier el6ment (20) A charge de tension, A    couplant la
tension de commande (Vc) au moteur une entree (18) duquel est appliqu6 le
signal (VD)   10   (12) A courant continu comprennent plusieurs de
d6placement pour produire une tension qui est    unites de puissance (36,
381 commandees par la proportionelle au deplacement de l'interface
tension de commande (Vc) de maniere A limiter le d'utilisateur;.
courant d'induit (i,) traversant le moteur (12) A un second element (30) A
charge de tension a      courant continu et A commander ainsi le couple une
entree (28) duquel est appliqu6 un signal (V   15   de sortie du moteur.
max) repr6sentant la force antagoniste maximale 20 25 30 35 40 45 50 55 60
65    


