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(57) Abréegée/Abstract:

A balance control system comprises a motor (30), a transmission system providing connection between the motor (30) and the
door (24) and adapted to move the door (24) between a closed position and an open position located above the closed position, a
counterbalance system (60) to reduce power required to lift the door (24), an apparatus to generate first signal representing a force
used to move the door (24) from the closed position to the open position, and to generate a second signal representing a force
used to move the door (24) from the open position to the closed position, and a controller (70) responsive to the first signal and to
the second signal to indicate an imbalance of the door (24) when a difference between the first signal and the second signal
exceeds a predetermined threshold.
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ABSTRACT

A Dbalance control system comprises a motor (30), a
Cransmission system providing connection between the

motor (30) and the door (24) and adapted to move the door

(24) Dbetween a closed position and an open position

located above the closed position, a counterbalance

system (600) to reduce power required to 1lift the door

(24), an apparatus to generate first signal representing

a force used to move the door (24) from the closed

position to the open position, and to generate a second

signal representing a force used to move the door (24)

from the open position to the closed position, and a

controller (70) responsive to the first signal and to the

second signal to indicate an imbalance of the door (24)

when a difference between the first signal and the second

signal exceeds a predetermined threshold.
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A BALANCE CONTROL SYSTEM AND METHOD FOR
A MOVABLE BARRIER OPERATOR

This 18 a division of Canadian Patent

Application No. 2,480,224, filed April 8, 2003.

BACKGROUND OF THE INVENTION

The invention relates to a balance system, in

particular to a balance state 1indicator for a movable

barrier operator.
Most known movable barrier operators, oOr garage

door operators include a wmotor having a transmission
connected to it, which 1s coupled to a barrier for opening
and closing the barrier. With a vertically moved barrier,
there are normally preset upper and lower limits of travel.
The upper and lower limits are employed to create a safe

operational travel range.
Balance springs are often attached ¢to a

vertically moving barrier to offset the weight of the door.
This 1s an aid to human barrier movers as well as the motor
of automatic barrier movers. Other types of door balancing
arrangements are known but infrequently used. Balance
springs may be torsion springs, which mounted above the
barrier opening on a shaft which rotates. The balancing
force of the torsion springs is generally conveyed to the

barrier by flexible members such as cables, which take up
or pay out on drums attached to rotate with the torsion

spring shaft. In other arrangements, the balance springs
may be expansion springs, which are stretched when the
barrier is lowered and contract when the barrier is raised.
The expansion springs are commonly attached above barrier
guide tracks and connect to the barrier by flexible members

running over pulleys.
In the case of garage door systems the amount of

spring tension to balance the door 1s determined by the
amount of balance spring tension to hold the barrier at
about three to four feet above the floor. That 1is, a

35 properly balanced garage door would stay in the half open
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position. If the door closes by itself, the springs require
more tension. If the door opens by itself, the door springs

have too much tension. As the garage door system ages, Or
part of the balance system breaks, the balance may deviate.
The door balance may deviate to a point at which 1t 1is
extremely difficult or dangerous to continue to operate the
door. However, due to the robustness of door operators, the
out of balance condition may go unnoticed by human
operators who merely push control button to open and close
the door. Thus, there is a need for a balance system that
would be able to determine when the garage door system

passes its imbalance threshold and notify the owner that

the garage door is out of balance.

SUMMARY OF THE INVENTION

The present invention is directed to a method and
system for balance measurement of a movable barrier
operator. The method includes determining a first movement

parameter representing an opening force applied to the

movable barrier for a travel between a lower limilt position
and an upper limit position, and determining a second
movement parameter representing a closiné force applied to
the movable barrier for a travel between the upper limit
position and the lower limit position; comparing said first
movement parameter with said second movement parameter;
and, when the difference between said first movement
parameter and said second movement parameter exceeds a

predetermined threshold, indicating that the movable

barrier operator is out of balance.

The opening force may be a maximum force or an

the closing force may be a maximum force or an average
force measured during the complete movement between the
open position and the closed position. Also, the
opening/closing force may be a force measured at a

predetermined point during the movement between the lower
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limit position and the upper limit position during an
opening/closing cycle. The determining step of the method
may include calculating representations of the opening
force value and the closing force value from the first and
second movement parameters, respectively, and comparing the

opening force value with the closing force value to

determine balance condition.
A balance control system of the present invention

comprises a motor, a transmission system providing
connection between the motor and the door and adapted to

move a door between a closed position and an open position
located above the closed position; a counterbalance system
to reduce power required to lift the door; an apparatus to
generate first signal representing a force used to move the

door from the closed position to the open position, and to

second signal to indicate an imbalance of the door when a
difference between the first signal and the second signal
exceeds a predetermined threshold.

The value of the opening force may be an average,
or maximum, value of the first signal generated during the
movement of the door between the closed position and the
open position, and the value of the closing force 1s an
average, or maximum, value of the second signal generated
during the movement of the door between the open position
and the closed position. The system may comprise switches
to initiate first signal representing the opening force
when the garage door starts moving upward from the closed
position, and to initiate the second signal representing
the closing force when the garage door starts moving
downward from the open position. The counterbalance system
for this balance control may include a torsion spring
assembly. The garage door operator may pe a trolley-
mounted operator or a jack shaft operator. When the door 1is

out of balance, the controller may generate a correcting
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signal, or initiating an imbalance indicator, which may 1in
response provide a visual, audible, or any other kind of
signal.

“The apparatus may comprise a tachometer for
measuring an opening speed and a closing speed of the motor
when the garage door moves between the open and closed
positions, and the (first and second signals may be

proportional to the respective motor speeds.

Also, the apparatus may comprise speed detectors
for measuring the first, or opening speed, and the second,
or closing speed of the door movement between open and
closed positions, so that to generate the first and second
signals proportional to these respective speeds.

The apparatus may comprise a tension detector for
measuring an opening tension and a closing tension of the
torsion spring during the door movement, and the first
signal and second signal may be prOportional to the

respective torsion spring tensions.
A method for balance contrcl of a garage door

operator comprises steps of generating a first signal
having a value proportional to an opening force used for
movement of the garage docr from a closed position to an
open position; generating a second signal having a value
proportional to a closing force used for movement of the
garage door between the open position and the closed
position; comparing values of the first signal and the
second signal to detect a difference between the opening
force and the closing force; and, when said difference
exceeds a predetermined threshold, indicating that the door

is out of balance.
An upper limit and a lower limit for a garage

door movement may be preset, and the first and second
generated signals may be proportional respectively to the
opening force and to the closing force applied to the
garage door. The opening and closing forces are calculated

from the opening speed and the closing speed of the motor
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detected during the movement of the door between the lower

and upper limits.

In another embodiments the opening force 1s an

5 force used to move the

average value/maximum value O!

garage door during the movement between the closed position

and the open position, and the closing force 1s an average

—

value/maximum value of a force used to move the garage door

during the movement between the open position and the

closed position.

The opening and closing forces also may be

functions of the opening speed and the closing speed of the

garage door measured when the door passes a predetermlined

point during movement between the lower limit and the upper
limit.

The opening and closing speeds may also be

measured in a plurality of predetermined points during the

door movement between the lower and upper limits, and a

ypr—

calculated average value of the <closing speed 1s then

compared with an average value of the opening speed.

According  to one aspect of the  present

invention there 1is provided a method for Dbalance

gr—
.

measurement of a garage door operator, comprising:

determining an upward force measurement value

representing an opening force required to move the garage

door from a closed position to an open position;

determining a downward force measurement value

representing a closing force required to move the garage

door from an open position to a closed position;

comparing the upward force measurement value wilth the

| I—

downward force measurement value; and i1ndicating that the

-

movable barrier operator 1is out of Dbalance when a

- .

difference between the upward force measurement value and
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the downward force measurement value axceeds a

predetermined threshold.

According to a further aspect of the present

invention there is provided a method for balance control

—
e

of a garage door and a garage door operator, comprising

steps of generating a first signal having a value

oroportional to an opening force used to move the garage

door from a closed ©position to an open position;

generating a second signal having a value proportional to

a closing force used to move the garage door from the

)

open position to the closed position; comparing values O:

the first signal and the second signal to detect a

difference between the opening force and the closing

force; and indicating that the door 1is out of Dbalance

when the difference exceeds a predetermined threshold.

BRIEF DESCRIPTION OF THE DRAWINGS

—
fp—

FIG. 1 is a perspective view of a garage having a

garage door.

FIG. 2 1is a block diagram of the garage door

operator having a balance system of the present invention.

F

FIG. 3 1is a block diagram of the controller

ﬁ

employed by the garage door operator of the present

invention.

FIGS. 4a, 4b and 4c show a flow diagram of the

—

balance determination routine of the balance system of the

present 1nventlon.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to the drawings and especially to

FIG. 1, a movable barrier operator, or more specifically,
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a garage door operator is shown therein and referred to by
numeral 10. The operator comprises a head unit 12 mounted
to the ceiling 16 of the garage. The head unit includes an
electric motor 30 coupled to a transmission, which includes
a rail 18 extending from the head unit 12 and a movably
attached trolley 20 with an arm 22 extending to a multiple
paneled garage door 24. The motor moves the garage door 24,
opening and closing it by pulling or pushing the trolley
20. The door is carried upward and downward in a pair of L-
shaped rails 26 and 28 by rollers (not shown), which ride
in the rails and movably support the garage door upon
curved guide rails. The L-shaped rails 26 and 28 shown 1in
FIG. 1 are suspended by hangers 90, 90' from the ceiling 16
of the garage. The rails include vertical straight portions
36, 36', curved portions 37, 37' and substantially straight
horizontal portions 38, 38'. In order to reduce the force
required of the motor 30 to lift the door 24, the garage
door is provided with a counterbalance syStem 60. The
counterbalance system 60 includes a helical torsion spring
40 mounted on a drive shaft 50, which horizontally extends
across the wall 14 above the upper edge of the garage door.
In the closed position of the door 24 as shown in FIG. 1,
the spring 40 is wound to the maximum extent providing a
lifting force to counter-balance the weight of the door and
reducing the motor power to be applied to the door in order
to open it. In the open position of the door the spring 40
is partially unwound reducing the counter-balancing force
provided.

As shown in FIG. 2, the garage door operator 10
has a reversible electric motor 30, the balance system 60,
a controller 70, a power supply unit 72, a measuring
apparatus 100 and an imbalance indicator 300. The electric
motor 30 is connected to the power supply unit 72 to be
energized thereby when the controller 70, also energized by
the power supply unit 72, enables the electric motor 30 to

turn in order to open or close the garage door 24 by

pulling or pushing the trolley 20. The measuring apparatus
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provides measurement of the force applied to the garage
door during an opening/closing cycle either directly, or by
measuring parameters such as the motor speed, the moving
speed of the door or the tension of the torsion spring 40
of the counterbalance system 60. The apparatus 100
generates a signal representing the opening/closing force
and sends it to the controller 70. In the controller the
signal is compared to a signal representing closing/opening
force which was stored in the controller memory during the
previous cycle, and if the difference between the forces
exceeds the preset threshold, the controller initiates the
imbalance indicator 300, also energized from the power
supply unit 72.

FIG. 3 shows a schematic diagram of the controller
70, which comprises a RF receiver 80 having an antenna 32 tO
receive command signals from a handheld transmitter and
coupled via a line 82 to a microcontroller 84 to supply
demodulated digital signals from a transmitter. The receiver
is energized by a power supply unit 72. The microcontroller
is also coupled by a bus 86 to a non-volatile memory 88,
which non-volatile memory stores set poilnts and other
customized digital data related to the operator, 1including
in the present embodiment the upper and lower door movement
limits as well as a balance threshold data. The
microcontroller 84 may have its mode of operation controlled
by a switch module 39 mounted outside the head unit 12 and
coupled to the microcontroller 84. The microcontroller 84
in response to switch commands sends signals to the
reversible electric motor 30 having a drive shaft 50 coupled
to the transmission of the garage door operator. A
tachometer 110 is coupled to the drive shatt 50 and provides
a tachometer signal on a tachometer line 112. The tachometer
signal, which is being indicative of the speed of rotation
of the motor 30, is provided to the microcontroller 84, which
stores the maximum value of motor speed during the cycle.

For example, the maximum motor speed value 1s measured during

a door opening cycle. The measured value 1s transferred by
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calculation into the value of a maximum force applied to the
garage door during the opening cycle, and compared with the
maximum force value measured during the previous closing
cycle, which has been stored in a volatile memory within the
microcontroller 84. The difference between the maximum force
applied to the garage door during the current opening cycle
and the maximum force applied to the door during the previous
closing cycle is then compared with the threshold value
stored in the non-volatile memory 88. When the difference
exceeds the threshold value, the imbalance indicator 300 1is
energized to show that the door is out of balance. The
indicator may be a light emitting diode, or an audio alarm
device, or some other indicator device. The microcontroller
84 may also generate digital signals 1in case of the door
imbalance, for example, to indicate the balance problem on
a computer screen. Also, the controller may generate a
command precluding the door from further opening before the
imbalance problem 1is solved. The maximum force wvalue
previously stored in the microcontroller 84 1s then
overwritten with the maximum force value of the current
opening cycle. The maximum force applied to the door during
the next closing cycle will be compared to the maximum force
of the present opening cycle stored in the micrtocontroller.

The controller 70 may also include a door speed
detector 121 to read the value of the door movement speed at
a predetermined point during the opening or closing cycle and
to register a maximum speed value for the cycle. The signal
representing the maximum value of the door speed 1s then
forwarded to the microcontroller 84, and a maximum value of
the force applied to the door during the cycle is calculated.
This maximum force value is stored in the volatile memory to
be compared with the maximum force value of the next cycle.

In another embodiment, the maximum speed of
rotation of the motor is forwarded to the microcontroller and
compared to the maximum speed value stored 1in the

microcontroller during the previous cycle, and a force
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difference is calculated from this speed difference and

compared to a preset balance threshold.

In yet another embodiment an average speed of the
motor is calculated during the cycle, and the average speed
is compared with an average speed stored 1n the
microcontroller during the previous cycle, the difference 1is
then compared with a preset balance threshold.

In another embodiment, the speed of the door 1is
measured in a predetermined position, and compared with the

speed of the door during the previous cycle. The speed may

also be measured in several points of the door movement
between the lower and upper limits, and an average speed be

calculated and compared with an average speed stored during

the previous cycle.
The preferred embodiment of the balance system

operates under the base routine shown in Figs. 4a, 4b and 4c.

when the controller 70 is energized, in step 500,
3 test 1is run for the state of the non-volatile memory,
checking stored values of the upper and lower limits of the
door movement, and the value of ths imbalance threshold A.
Then in step 501 the last state of the operator 1is tested,
that is whether the operator indicated the door position as
being at its upper limit, down limit or in the middle of its
travel. If the door is not in a limit position, 1n step 502
it is moved to the closest limit position. In the following

step 503 the controller awaits the receipt of a command to

move the door. When the command is detected, control 1is
transferred to step 505 and the position of the door 1is
determined. If the door is in the lower limit position, flow
proceeds to step 510 and the opening cycle begins.
Alternatively, 1if the door is in the upper limit position,
the closing cycle begins with the step 540.

In step 510 the controller sends an opening command
to the motor, and in step 512, motor 1s energlzed and the
door starts moving upward. In step 514 a test 1is run whether
the door has reached the lower limit switch. If not, the

control is transferred back to step 512 and the door is moved



10

15

20

25

30

35

CA 02756755 2011-10-31

~11-

farther up. If the door has reached the lower limit point,
the control is transferred to step 516, and the measurement
of the value of the opening force applied to the door 1is
begun. In step 518 a test is run whether the door reached
it's upper limit switch. If the test 1s negative, the
control is transferred back to step 512 and the door 1s moved
farther up. When it is determined that the door reached it's
upper limit switch, in step 520 the door 1s stopped. In step
522 the opening cycle force is determined. In the present
embodiment the maximum value of the opening force applied to
the door during the opening cycle is measured and stored. In
step 524 the volatile memory 1is checked for door movement
force data. If no such data is stored in the volatile memory,
F=0, the value of the opening cycle force Fop determined in
step 522 is stored in the volatile memory. If the volatile
memory contains a value of closing cycle force stored during
the previous closing cycle, F#0, in step 526 the opening
cycle force Fop is compared with the closing cycle force F
stored in the volatile memory. The force difference [Fop-F|
is calculated and compared with the threshold value A stored
in the non-volatile memory of the controller. If the
difference exceeds the threshold value, |[Fop-Fj>A, the
imbalance indicator is turned on in step 528 to indicate that
the door is out of balance. If the difference is |Fop-F|<4,

the control is transferred to step 530, wherein the opening
cycle force value Fop is stored in the volatile memory.

If step 505 indicated that the door 1s not in the
lower limit position but in the upper limit position, the
step 540 begins a closing cycle. The controller sends a
closing command to the motor, and in step 542 the door starts
moving downward. In step 544 a test 1s run whether the door
has reached the upper limit switch. If the test is negative,
control 1is transferred back to step 542 to move the door
farther down. If the door has reached the upper limit, the
control is transferred to step 546, where the value of the
closing force applied to the garage door 1s measured in order

to determine the value of the c¢losing cycle force. The
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closing cycle force represents a maximum value of the force
applied to the door during the closing cycle. When the test
provided in step 548 shows that the door reached the lower
limit switch, the command to stop the door follows from the
controller, which stops the door in step 550. In step 552,
the closing cycle force value 1s determined. In step 554,
the closing cycle force value is compared with the opening
cycle force stored in the volatile memory during the previous
opening cycle. If the difference between the values of the
opening cycle force and the closing cycle force is greater
than the threshold value stored in the non-volatile memory,
|Fop-Fclos|>A, the imbalance indicator 1is turned on to
indicate that the door is out of balance (step 556). The
control is transferred to step 558 to store the value Fclos
in the volatile memory, overwriting the previously stored
value. If the difference 1s lower than the threshold
value, lFop—Fclos[<A, the control is transferred from step 554
directly to step 558, and the value Fclos 1s stored in the
volatile memory. In the above example a maximum force is used
as a control parameter. However, an average value of the
force may be used.

In another embodiment, the speed values of the
door movement during the opening and the closing cycle are
compared, and the differential force is calculated from the
speed difference and then compared with the threshold value
stored in the non-volatile memory. The opening and closing
speed is measured when the door passes some predetermined
position, or an average opening/closing cycle speed 1is
calculated from the speed wvalues measured 1n several
predetermined positions during the opening/closing cycle.

In yet another embodiment, the signal representing
the force value is the tachometer output signal showing the
motor speed during the opening/closing cycle.

While there have been illustrated and described
particular embodiments of the present invention, it will be

appreciated that numerous changes and modifications will

occur to those skilled in the art. Further the scope of the
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claims should not be limited by the preferred embodiments

set forth 1n the examples, but should be given the
proadest 1interpretation consistent with the description

as a whole.
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WHAT IS CLAIMED 1IS:

F
p—

1. A method for imbalance detection and control of a

moveable barrier operator and a moveable barrier,
comprising the steps of:
determining an upward force measurement value

representing an opening force required to move the

moveable barrier from a closed position to an open

position;

determining a downward force measurement value

representing a closing force regquired to move the

moveaple barrier from an open position to a closed

position;

comparing the upward force measurement value with
the downward force measurement value;

activating an 1indicator to 1indicate the movable

barrier operator 1s out of balance when a difference
between the upward force measurement value and the
downward force measurement value exceeds a predetermined
threshold; and

generating and sending a command precluding the
moveable barrier from further opening until the indicated

out of balance problem is resolved.

2. The method according to claim 1, further comprising

the steps of:

transferring the upward force measurement value to a

| —_—

computer readable medium for temporary storage thereon as

a stored upward force measurement value;

wherein the step of comparing uses the stored upward

d

force measurement value to compare with the downward

force measurement wvalue;
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wherein the step of activating uses the difference

between the stored upward force measurement value and the

downward force measurement value; and subsequently
replacing the stored upward force measurement value

by transferring the downward force measurement value to

the computer readable medium for temporary storage

thereon.

3. The method of claim 1 or 2, wherelin the opening force
1s a maximum force measured during travel from the closed
position to the open position, and the closing force 1s a
maximum force measured during travel from the open

position to the closed position.

4., The method of claim 1 or 2, wherein the opening force
1s an average force measured during travel from the

closed position to the open position, and the closing

force 1is an average force measured during travel between

the open position and the closed position.

5. The method of claim 1 or 2, whereln the opening force
is a force measured at a predetermined point during

travel from the closed position to the open position, and

b

the «c¢losing force 1s a force measured at said
predetermined point during travel from the open position

to the closed position.

6. The method of any one of claims 1 to 5, wherein the

activating step comprises providing a visual 1ndication

of an out of balance condition.
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7. The method of any one of claims 1 to ©, wherein the

activating step comprises providing an audible indication

of an out of balance condition.

8. A method for imbalance detection and control of a

moveable barrier and a moveable barrier operator,

gy
S

comprilising the steps of:

generating a first signal having a value
proportional to an opening force used to move the
moveable barrier from a closed position to an open
position;

generating a second signal having a value
proportional to a closing force used to move the moveable

barrier from said open position to said closed positiony

comparing the values of said first signal and said

second signal to detect a difference between said opening

ade

force and said closing force;

activating an 1indicator to indicate the moveable
barrier is out of balance when said difference exceeds a
predetermined threshold; and

generating and sending a command precluding the

moveable barrier from further opening until the 1indicated

]

out of balance problem is resolved.

9. The method according to claim 8, further comprising

the steps of:

transferring the value of the first signal to a
computer readable medium for temporary storage thereon as
a stored value of the first signal;

wherein the step of comparing uses the stored value

of the first signal to compare with the value of said

second signal; and subsequently
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replacing the stored value of the first signal by

r—

transferring the wvalue of said second signal to the

computer readable medium for temporary storage thereon.

gr—

10. The method of claim 8 or 9, further comprising a step

H

of setting an upper 1limit and a lower 1limit for a

moveable barrier movement.

-

11. The method of <c¢laim 10, wherein the steps of

generating signals proportional to the opening force and
the closing force comprise detecting a maxlmum
opening/closing speed of a motor during the movement of

the moveable barrier between said lower limit and said

upper limit, and calculating the opening/closing force

value from the respective speed value.

12. The method of claim 10, wherein the opening force 1s

a function of an opening speed measured at a
predetermined polnt during the movement of the moveable
barrier from the lower limit to the upper limit, and the

closing force 1s a function of a closing speed measured

at sald predetermined point during movement of the
moveable barrier from the upper 1limit to the lower

limit.

13. The method of «c¢laim 10, wherein the steps of

generating  the first and second signals comprise

measuring the opening speed at a plurality of
predetermined points during the moveable barrier movement
from the lower 1limit to the upper limit, and measuring
the closing speed at a plurality of predetermined poilnts
during the moveable barrier movement from the upper limit

to the lower limit, and wherein in said comparing step an
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average value of sailid closing speed 1s compared with an

average value of said opening speed.

14. The method of claim 8 or 9, wherein the opening force

p—

1s an average value of a force used during the movement

from the closed position to the open position, and the
closing force 1s an average value of a force used duriling
the movement from the open position to the c¢closed

position.

15. The method of claim 8 or 9, wherein the opening force

1s a maximum force used during the movement from the

closed position to the open position, and the closing

force 1s a maximum force used during the movement from

the open position to the closed position.
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- Fig.4a

4b | 4c TEST NON-VOLATILE MEMORY
FOR UPPER AND LOWER LIMITS
AND IMBALANCE THRESHOLD A
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NO
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RECEIVED COMMAND COMMAND
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Fig. 4b
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Fig. 4c

548
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550
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