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(57) Abstract: The present invention relates
to a device for obtaining a predetermined
linear force, including a first elastic force
means and a force output means in the form
of a non-elastic, flexible elongated member, a
force transformation means arranged between
said first elastic force means and the force
output means, such that a pulling of the
force output means creates a tension in said
first elastic force means, and wherein the
force transformation means is arranged and
designed such that the pulling force required
on the force output means decreases with the
distance the force output means is pulled, in
that it includes a second elastic force means
and a second force output means attached to
said second elastic force means, wherein the
pulling force required on the second force
output means increases with the distance the
force output means is pulled, that the two
force output means are connected to each
other such as to summarise the forces, in
that the characteristics of the two elastic
force means are chosen such that the pulling
force is substantially constant during the
pulling distance, and means for adjusting
the substantially constant pulling force from
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DEVICE FOR OBTAINING A PREDETERMINED SUBSTANTIALLY CONSTANT
FORCE IN PARTICULAR FOR MUSCULAR TRAINING
FROM NEARLY ZERO TO A MAXIMAL VALUE

TECHNICAL FIELD

The present invention relates to a device for obtaining predetermined linear
forces, in the range from a value near zero to a max value determined by the
design , and in particular to a device where the force obtained is substantially
constant. These forces are primarily intended for training of the skeleton

. muscles, but due to its exceptional properties they can be used in various

medical, technical and other applications where its features are beneficial.

The present invention is a further development of our previous invention
described in WO 02/30520 Al (referred further as previous invention) in which
a pre-settable constant force is obtained by the addition of a down falling or
decreasing linear force (referred furfher as down falling force) with an uprising
or increasing linear force (referred further as a up rising force) which has the

same linearity quotients.

In the previous invention the resistance to an external force Fext, (alternatively
torque Mext) can be preset to a constant value in an interval from some Fmin
(alternatively torque Mmin) to some Fmax (alternatively torque Mmax). From the
design reasons the Min/Max force-/torque ratio can't be arbitrary low. This
practically precludes that the result i.e. addition of the forces, can be preset to
a value arbitrarily near zero.

However, in many applications of the previous invention, even very near zero

value, are desirable arbitrary variations of the result force values.

- The present invention is based on the subtraction of down falling force from the
up rising force. It enables to pre-set the resulting force to the constant value

arbitrarily from near zero value to a max value defined by the design . The new
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invention includes practically the same components as the previous one. It is
obtained by the rearrangement of the same components, which are figuring in
the previous invention. By the subtraction of the forces the max resulting force
is obviously lower than the max force obtained by their addition.

By the integration of both inventive concepts, the output force/torque covers
the whole range of both inventions i.e. from zero value obtained by the present
invention to Fmax value obtained by the previous invention.

The important issue is that the integrated device can be implemented mainly

- with the same basic components as of one of both inventions.

Due that the movements in both inventions are illustrated és rotations, then in
the proceeding text the concepts will be explained rather in terms of torques

than of forces.

MOTIVATION FOR THIS INVENTION

For certain applications the limit of a minimum force value in the first
invention, can be a significant drawback.

Most of the training equipments presented on the market today, are intended
for a very varying groups of users. For certain groups of users (weak, too young,
older or ill persons etc) even the lowest force limit Fmin can be too high, implying
that they can be excluded from the training with devices designed according the
first invention.

From the commercial and even ideal reasons the aim of all producers of
training equipments is to enrich users as much as possible. Even for the users
of the constant force for other purposes than the physical training, it can be
advantageous to arbitrarily preset the load, in the wider range from zero to

some max value.

DESCRIPTION OF THE INVENTION

The principle according to the present invention will be described in
conjunction with the device shown in our Fig. 1, which is a slight modification
of Fig. 1 illustrated in the description of the first invention (described in WO
02/30520 Al).
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The differences between those two drawings are:
1. the uprising force Fez and the down falling force Fa

are assembled into the device in a manner to act counter to each

other.
2. in the initial position the arm angle o = & radians
3. The external force acts in the same direction as down falling force.

The principle according to the present invention will be described in
conjunction with the device shown in our Fig. 1. It comprises an arm 10 with a
length L; rotatably attached with one end to a shaft O;. The area of rotation a is
within range O < o < 7 radians. A flexible but inelastic band 12, hereafter named
first band, is attached to the free end A of the arm. It is to be understood that
the wording “flexible but inelastic” is meant to define a band or wire that is
substantially free of elasticity in the longitudinal direction of the band but can
be bent in the transversal direction. The band runs downwards over a pulley
wheel P1, which pulley wheel is arranged on a horizontal plane 14 in Fig. 1,
which plane intersects the axis of rotation of the arm 10 and with the same
distance between the pulley wheel and the axis of rotation as the length of the
arm L1 = A O; =P10:. The first band is attached to an elastic element Ee; (by
elastic element it can be assumed any elastic means such as springs, rubber
bands, gas filled pistons and the like).

For o= 0 the force Fe;=0.

By turning the arm 10 clockwise for an arbitrary angle o (in its rotation range)
the elastic element Ee; is prolonged for a certain length A P1 =X, The
consequence of the prolongation of the elastic element Ee; is the appearance of
an elastic force Fe; according the Hooks law i.e.:

Fe,=K; - X; h (1)

where K; is the elasticity coefficient for the elastic element.

For the arm angle o = n radians, the length of the prolongation of the elastic Ee1
element is AP; = X;= 2 - Ly which is assumed to be the initial prolongation of
the element.

The force Fe; createsa counter clockwise torque
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Mii=Fe:r-h:1 =K;-X;-h; ' (2)

around shaft O,

A second flexible, but also inelastic, band 16 is fixated to the arm 10 at a point
B between the rotation shaft O; and the attachment point A for the first band.
The attachment point B of the arm lies on L; distance from the axis of rotation
O1.

The second band is led via a second pulley wheel P2, which also is placed on the
above mentioned horizontal plane 14, with the distance L; from the rotation
shaft O; of the arm 10 (i.e. BO: = P201), to a wheel 18, hereafter named first
wheel, where the second band is attached to the periphery of the wheel at a
point D. The first wheel is rotatably arranged to a shaft O and has a radius R.
In order to get the proper function of the device, the described elements must
be geometrically arranged so that in any position of both bands, they must
always be in touch (by being tangent to or by braking over) with the

corresponding pulley wheels (P1 and Pa).

The length X2 = P2D i.e. the portion of the second band wound on the first
wheel, is the prolongation, due to the clockwise rotation of the first wheel.
This prolongation Xz is defined by '
For o= 0, X2 = P2D = 0.

"For o=n, Xo=P;D= 2.1,

The clockwise rotation of the first wheel produces a certain force F 2in the
second band , which creates a torque around the shaft O; :

Miz2=Fs - ho (3)

counter in the direction (in a steady state equal in the intensity) to the torque
Mii.

From the geometrical arrangement of the involved components it can be derived
the expression of the force F 2 as a function of the prolongation Xz and the
given parameters. _ |

When the arm 10 is not in motion, then the torques M11 and Mi2 are in the

equilibrium i.e.
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5
Mi11=Kj; - X1 -hi1=Mi2=Fs- hy
or
Fa =K;-Xi1-hi/hs (4)

From the geometry of the components and the action of the forces, the following

equations may be developed:

Obviously:

o +2-B=m, o +o=7 i.e.

B=¢/2 (5)
Further:

hi=L; - sinp (6)
ho=La - cosp , ‘ (7)
(X1/2) =Li- cosp ’

i.e.

X1 =2.L;1 - cosP (8)

sinf = BP2/2 - Ly (9)
From 4,6,7 and 8 comes: ‘
Fo =Ki-Xi-hi/ha=2-Ki-Li-sinf -Li-cosp / Lz- cosp

Fa =Ki - (L1/L2)2-BP; (10)
From
BP; =2 . Lz - Xo

and 10 Fz can be expressed as a function of the prolongation Xz

Fa =K1 (L1/L2)2BP2 =XK; - (L1/L2)2 +(2 - L - Xa)

or

F2=2-Ki-Li%/Ls - K1 - (L1/La)? X " (11)

Which proves that the described device produces the linear forces convérsion,
ie. from an upprising force F 1 as a linear function of the displacement X3, to

linear down falling force F as a function of by it caused displacement Xz. QED.

A second wheel 20 is firmly attached to the first wheel and also rotatably
arranged to the shaft Oa. The second wheel 20 has a radius r, that in the
embodiment shown is smaller than the radius R of the first wheel.

Because both wheels are firmly attacched to each other they rotate together
simultaneously. Therefore when considering their rotation they will be referred

to as the wheels pair.
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A third flexible but inelastic band 22 is with one end attached to the periphery
of the second wheel at a point E. The other end of the third band is attached to

the right side of a second elastic element Ees.

The geometrical arrangement between the first wheel and band 16 and the
second wheel and the band 22 is such that the bands are always is in tangent
with the respective wheel at the point where each band first touches its wheel
surface. |

According to the Hooks law the elastic force Fes if the second elastic element

Ees is:
Fes = K3 - (X3 + X3(0))

" where Xz is the prolongation of the elastic element due to the rotation of the
second wheel counter clockwise, while X3(0) is the resilience of Fez during initial
position (i.e. for y = 0, i.e. X3 =0), due to the pre-setting the pre-tension force K3
- X3(0).

Assume that one end of a non-elastic flexible band (23) is attached on the left
side of the elastic element Ees, while the other end of this band is connected to
a pulling element (for ex. winch) which by expanding the elastic element Ees for
the length X3(0) creates the pre-tension force Kz - X3(0).

The force Fes creates a clockwise torque around the shaft O,

Mz=Fe3 -r =Ks - (X3 + X3(0))- r

Torques M2 and M3 are acting counter to each other. Due that F2 (1) = O even
the small torque of the pre-tension force Ks - X3(0) -r = Mz (0) keeps the
arm10 and wheel pair in the initial state (o = =, y=0, X2 = 2 - Ly)

Assume that in the initial position a certain external counter clockwise torque
Mext (high enough to overcome the torque of the pre-tension force Ks - X3(0) - r)
is applied to the wheels pair and forces them to rotate counter clockwise.

Consequently the band 22 is pulled while the band 16 is released.
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The counter clockwise torque M of the force Fe;, turned the arm 10 counter
clockwise to the equilibrium position, getting some angle a with the plane 14.
The wheels pair will be able to rotate counter clockwise until, with a certain
angle y radian, equilibrium of the involved torques is established. Suppose that
Fig. 1 illustrates this equilibrium state.

In this case the following equations can be established:

The band 22 pulled out the elastic element Ee3 which will be prolonged for
certain arc length

TE=Xz=y ..

Thus generating the linearly increased torque

Mz =Ks - (X3 + X3(0))- r=Ks - (y - r + X3(0)) r.

(14 |

The second band 16 is rewound from the first wheel 18 for a length BP2
R-y=2-1Lp -Xz =BP2

including it in 10 comes:

Fo =K;j - (L1/L2)2 -BP2 =Kj - (L1/L2)2 ‘R -y (15)

Assume that the corresponding torque around the shaft O2 is:

The clockwise rotation of the first wheel for a certain angle y, creates the force

F2 which in its turn creates a torque |

Ma=F2-R. = Ki-(L1/ L2)2-y-R? (16)
around the shaft Oz

The clockwise torque Mz = R - Fa, together with the torque Mext keeps a

balance with the torque Ms = Fe3 - r = K3 - (X3 + X3(0))- r.

In the equilibitium state the following equations can be established:
Mext = Mz - Mg =Kz (y -r+ X3(0))-r. - Ki-(L1/L2)2-y-R2

= K3 Yo r2+K3 'XS(O)‘ r - Ki- (Ll / L2)2 . 'YR2

=Ks X3(0)- r +(Ks -1r2- Ki- (L1 /12)? -R?)-y (17)

The condition to obtain the resulting torque Mext constant ie. independent of

the angle y is that the expression in front of this variable is zero. This means
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that:
2. Kz -R2-Kj(L1/1p)2 =0
r2. Kz = R2.K;j-(L1/L2)?
i.e.
K3/Ki = (R2/r2) - (L1/L2)? A (18)

Under assumption that a designed device satisfies the requirement 18 the
resulting torque (and from it derived force ) is: ’

Mext = r - K3 - X3(0) (19)

ie.: defined only by the pre-tension force K3 -'X3(O) and consequently
independent of the movement angle y '

The resulting torque Mext can be pre-set to an arbitrary value in the range
from zero to r - K3 - X3(0)max,

Where X3(0)max is by a design defined maximal pre-extension of the elastic
element Ee3 .

Fig. 2 shows the solution using translatory movements for obtaining the
constant result force. Instead of a rotating wheel, it is assumed a handle 30 or
the like means which may be employed in order to obtain a constant resulting
force Fext by pulling non-elastic band 24.

Fext = Fez - F2 = K3 - (X3 + X3(0)) - K1 - (L1/L2)2 -BP2 (20)

All bands Band 16, Band 22 and Band 24 are pulled simultaneously. Therefore
they always pass the same distance X at a time. This implies that.:

BP2 = X3=Xext= X (21)

Fext = Ka- (X+ X(0)) - Ki - (L1/L2)2 - X

=Kz X+ K3 -X(0)-Kjy-(Li/Lg)? - X

= K3 -X(0)) + (Ks-Ki- (L1/12)?) - X (22)

The condition for obtaining the constant value of Fext is that the coefficient in ‘
the front of the variable X is zero i.e.:

Ks—Kj - (L1/L2)2=0

Or '

Ks /K1 = (Li/L2)? ' (23)
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Then the constant value of Fs is: ,

Fext = Ks - X(0) - (24)
Where |

0 < Fext< K3 X(0) max

1

The integration of the previous and the present innovation

In order to get considerably broader range of force pre-setting values, obviously
it is desirable that the previous and the actual inventions are joined together
and implemented in a single device. As a matter of fact, it can be accomplished
with the slightly modification and practically with the same components as are
needed for one of innovations. '

The joined device operates in two modes: addition mode according to the
previous invention and subtraction mode according the actual invention.

In the proceeding text, the principle is explained on a successfully realised
implementation (Fig.3 and Fig 4) where the-operation mode alternation is

obtained by a very simple manipulation.

Fig. 3 illustrates the initial state of the device in the addition mode of operation,
while Fig 4 illustrates the initial state in the subtraction mode of operation.

The conditions (equation 18) for the constant resulting torque is valid for both
inventions. They are satisfied by choosing:

R=r,Ks=Ki =KandLi=Lo=L

In order that both wheels can be realised by a single one and that all
components can be placed in one plane, the arm length is chosen to be

L=R * /2

The only new functional element is a pulley P3. It enables to increase the
accuracy in the beginning of the movement in the force addition mode.
In both modes the external torque Mext is applied clockwise in the area of

rotation angle y is within the ranges 0 <y<7 andt <y <2 T

RECTIFIED SHEET (RULE 91)
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The points D and E where Band2 and Band 3 respective, are connected with
the wheel are joined together. ,

The differences between initial states of both operation modes are:

In the addition mode points D and E are placed directly under the pulley pair
P2 and P3 while in the subtraction mode they are above point T on the wheel,
where Band 3 tangents it. , |

In the addition mode the maximal prolongation length on the band 3 sideis R
- while max prolongation length on the Band 4 sideis2 -R- = .

The elastic element Ee; can be expanded by pulling Band1 maximally for the
length R & .

In the addition mode a blocking element Be is activated in order to preclude
that the pre-setting force will wind the wheel back.

In the subtractions mode such rewinding is precluded through the arm
blocking by the pulley P2. ‘

In the addition mode during rotation clockwise by Mext, the Band 2 is winded
over band 3. (It is assumed that bands are ehough thin that the increase of
radius of F2 torque is negligible.)

The alternation from the addition mode to thé subtraction mode is obtained by:
1. deactivating the blocking element Be and

2. pulling (ex by winch) band 4 until the arm is rotated counter

clockwise until the o = .

The alternation from the subtractions mode to the additions mode is obtained

by:
1. releasing the band 4 until arm is rotated clockwise to the o =0.
2. reactivating the blocking element Be.

In the implementatiom explained by Fig3 and Fig 4

X3(0max =R - =

causing that the output torque has the range of values that follows:

In the subtraction mode : O<Mext<K-R?2 .7

In the addition mode K:R2 <Mext< 2-K-R2 - ¢

What doubled the range of variation of the total output torque Mexttot. ie:
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0 < Mexttots 2- - K- R2 _
The embodiments of the invention as described above and shown in the
drawings are to be regarded as non-limiting examples and that the invention is

defined by the scope of the claims.

One other area of use where constant force is desirable is medicine:
- for example the dosage of liquids, such as syringes, where the
plunger is to be pressed into the barrel of the syringe with a
constant speed/force.

Or
Pulling a traumatised limb after an orthopaedic treatment, with the
given force, which is independent of, displacement or jerk of the

limb.
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PATENT CLAIMS

1. Device for obtaining a predetermined linear force, including a first elastic
force means and a force output means in the form of a non-elastic, flexible
elongated member, a force transformation means arranged between said first
elastic force means and the force output means, such that a pulling of the force
output means creates a tension in said first elastic force means, and wherein
the force transformation means is arranged and designed such that the pulling
force required on the force output means decreases with the distance the force
output means is pulled, in that it includes a second elastic force means and a
second force output means attached to said second elastic force means,
wherein the pulling force requiréd on the second force output means increases
-with the distance the force output means is pulled, that the two force output
means are conﬁected to each other such as to summarise the forces, in that the
characteristics of the two elastic force means are chosen such that the pulling
force is substantially constant during the pulling distance, and means for
adjusting the substantially constant pulling force from substantially zero and

“upwards.

2. Device according to claim 1, characterised in that said force transformation
means includes an arm pivotally arranged to a shaft, that said first elastic force
means is attached to said arm, that said force output means is attached to said
arm with one end, that a first direction changing means is arranged in contact
with said force output means between said attached end and a pulling end,
wherein the distance between the pivoting point and the attachment point of
said force output means and said arm is substantially equal to the distance

between the pivoting point and said first direction changing means.

3. Device according to claim 2, characterised in that a second non-elastic,
flexible elongated member is arranged between said first elastic means and said
arm, that a second direction changing means is arranged in contact with said
second member between the attachment point to the first elastic means and the

attachment point to said arm, wherein the distance between the pivoting point
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and the attachment point of said second member to said arm is substantially
equal to the distance between the pivoting point and said second direction

changing means.

4. Device according to claim 2 and 3, characterised in that said first and second

direction changing means are pulley wheels.

5. Device according to any of claims 1 to 3, characterised in that the pulling
end of said first force output means is attached to a rotation means rotatable
around a shaft at a distance in order to obtain a torque decreasing with the

turning angle.
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