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A counterbalancing apparatus for dynamically balancing an out of balance rotating member. A first series of weights having
iIdentical size and welght are mounted to freely move within a first groove or race when the apparatus Is rotating after being
mounted to a shaft or other rotatable member. A second series of weights having identical size and weight are similarly mounted to
freely move within a second groove or race located inside of the first groove. The first series of weights Is different in size and welght

from the second series of weights.
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WEIGHT COMPENSATING METHOD AND APPARA

ABSTRACT OF THE DISCIOSURE

A counterbalancing apparatus for dynamically
balancing an out of balance rotating member. A first
series of weights having jdentical size and weight are
mounted to freely move within a first groove or race when
the apparatus is rotating after being mounted to a shaft
or other rotatable member. A second series of weights
having identical size and weight are similarly mounted to
freely move within a second groove or race located inside
of the first groove. The first series of weights is
different in size and weight from the second series of

weights.

SPECS/TAY2559.01
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WEIGHT COMPENSATING METHOD AND APPARATUS

INTRODUCTION

This invention relates to a balancing method and
apparatus and, more particularly, to a balancing method
and apparatus used for dynamically balancing an out of
balance condition in a rotating body.

BACKGROUND OF THE INVENTION

Many different apparatuses for balancing an out
of balance condition in a rotating body are known. Such
apparatuses generally include a counterweight having a
weight of a predetermined value which is located at a
predeterﬁined position from the axis of rotation to oppose
the imbalance in the rotating body. The magnitude of the
imbalance is generally known and, accordingly, the
necessary weight and position of the counterweight can be
calculated so that the weight is positioned where it will
act to counter the known imbalance. These apparatuses

function satisfactorily for the purposes for which they
are enmployed.

Under dynamic conditions; that is, when a body
is rotating about an axis and an imbalance in the rotating
body occurs because of external conditions or otherwise,
the prior art is much less satisfactorily developed. For
example, in a drill bit or in a drillstring, vibration
induced forces during operation can create severe
unbalances. One technique used to counteract such
imbalances is disclosed in U.S. Patent 4,905,776 (Beynet
et al). Beynet et al teach a vibration dampening assembly
with a plurality of annular grooves or races located about
the periphery of the assembly and extending axially
therealong. A plurality of balls or rollers are located
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in each of the races. Such balls or rollers are free to

move along the races and thereby counteract the imbalance
forces.

A further similar structure is disclosed in U.S.
Patent 4,674,356 (Kilgore). Kilgore teaches a plurality
of balls freely movable in a race formed in an outer
circumferential surface of the body which balls are used
to counterbalance an imbalance in the rotating member.

There are, however, disadvantages in such prior
art. Although the Beynet et al reference is satisfactory
to remove large imbalances from the rotating body, it is
difficult to utilise the teachings of Beynet et al where
the length of the balancing apparatus is necessarily
restricted which is often the case. Likewise, while the
teachings of Beynet et al are satisfactory to generally
remove large imbalances from the drillstring, there is no
provision therein for removing all or most of the
remaining imbalance thereafter, particularly the imbalance
that may remain when the balls in the races of Beynet et
al are located at their optimum positions in the races to
counteract the imbalance.

This latter problem is also inherent in the
above mentioned Kilgore reference. Kilgore teaches two
counterbalance structures, one located at each end of a
shaft, to offset the imbalance in the shaft or the
unbalanced forces in the rotating structure which is
movable with the shaft. If the balls are not located at
their optimum positions, the imbalance in the shaft will
not be removed.
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SUMMARY OF THE INVENTION

According to one aspect of the invention, there
is provided a counterbalancing structural member rotatable
about an axis, said member comprising first and second
annular grooves concentric to said axis and extending
around said axis, a first plurality of weights freely
movable in said first annular groove, a second plurality
of weights freely movable in said second annular groove,
said first plurality of weights in said first annular
groove being substantially the same weight and size, said
second plurality of weights in said second annular groove
being substantially the same weight and size, said weight
and size of said second plurality of weights being
different from said weight and size of said first
plurality of weights.

According to a further aspect of the invention,
there is provided a method of dynamically balancing a
rotating member comprising the steps of positioning a
first plurality of weights having the same size and weight
in a first annular groove in a rotating structure,
positioning a second plurality of weights having the same
size and weight and different from the size and weight of
said first plurality of weights in a second annular groove
in said rotating structure and rotating said structure
while allowing free movement of said first and second

.plurality of weights in said first and second annular

grooves. ..

According to yet a further aspect of the
invention, there is provided a method to counter an
imbalance in a rotary member comprising the steps of
positioning a counterbalance structure on the axis of said
rotary member, positioning a first plurality of weights
having the same weight and size in a first annular groove
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located coaxial with said axis and extending about the
circumference of said structure, and allowing each of said
first plurality of weights to freely move within said
first annular groove, positioning a second plurality of
weights having the same weight and size in a second
annular groove located coaxial with said axis and inside
said first annular groove and allowing each of said
second plurality of weights to freely move within said
second annular groove, said second plurality of weilghts
having a different weight and size from said first
plurality of weights.

According to yet a further aspect of the
invention, there is provided a method to counter an
imbalance in a rotary member comprising the steps of
positioning a first half of a structural member having
first and second annular grooves with freely movable
weights located in each of said annular grooves on a
rotary member, positioning a second half of a structural
member having third and fourth annular grooves symmetrical
with said first and second annular grooves of said first
half of said structural member on said rotary member,
connecting said first and second halves, rotating said
rotary member and allowing said freely movable weights to
position themselves within said grooves so as to remove
substantially all of said imbalance.

According to yet a further aspect of the
invention, there is provided a counterbalancing apparatus
comprising a shaft having an outer diameter, at least two

grooves formed in said shaft, said grooves being coaxial
with the axis of said shaft and formed one inside the
other, the outside one of said grooves being inside the
outer diameter of said shaft, freely movable weights
positioned in each of said grooves and means to retain

said weights in said grooves.
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

Specific embodiments of the invention will now
be described, by way of example only, with the use of
drawings in which:

Figure 1 is a side sectional diagrammatic view
of a first embodiment of the counterbalancing apparatus
according to the invention;

Figure 2 is an end view taken along II-II of
Figure 1;

Figure 3 is a side sectional diagrammatic view
of a second embodiment of the counterbalancing apparatus
according to the invention;

Figure 4 is an end view taken along IV-IV of
Figure 3;

Figure 5 is side sectional view of yet a further
embodiment of the counterbalancing apparatus according to
the invention;

Figure 6 is a side sectional diagrammatic view
of yet a further embodiment of the counterbalancing
apparatus according to the invention;

Figure 7 is a side sectional diagrammatic view

of the apparatus of Figure 6 illustrated in its operating
position;.

Figures 8A and 8B are end views of a further
embodiment of the invention mounted about a shaft and
illustrating the counterbalancing apparatus in assembled
and disassembled condition about the shaft, respectively;



2069120

Figure 9 is a diagrammatic side view of yet a

further embodiment, the counterbalancing apparatus
according to the invention being operably located within a

shaft; and

5
Figure 10 is a diagrammatic end view taken along
X-X of Figure 9 illustrating a representative position of
the movable weights during rotation of the shaft in which
the apparatus 1is located.
10

DESCRIPTION OF SPECIFIC EMBODIMENT

‘Referring now to the drawings, a
counterbalancing apparatus according to the invention is

15 illustrated generally at 10 in Figure 1. It comprises a
first set of annular grooves 11, 12, 13, 14 and 15, it
being understood that oppositely located grooves 11, 15
are conveniently identical and that oppositely located
grooves 12, 14 are also conveniently identical.

20

A plurality of weights 21, 22, 23, 24, 25,
conveniently spherical in the form of balls, are mounted
in the grooves 11, 12, 13, 14, 15, respectively. The
plurality of weights in each of the grooves are all the

25 same size and weight; that is, the weights 21 in groove 11
are all the same size and weight, the weights 22 in groove
12 are all the same size and weight and so on. It is
important, however, that the weights in at least two of
the grooves be different in size and weight; that is, the

30 weights 23 in groove 13 are preferably larger and heavier
than the weights 24 in groove 14.

The balls 21, 22, 23, 24, 25 are freely movable

in their respective grooves 11, 12, 13, 14, 15 about the
35 circunference of the counterbalancing apparatus 10. A
silicon lubricant 30 is added to the counterbalancing



10

15

20

25

30

35

2069120

apparatus 10 in order to reduce the friction between the
balls and their respective races or grooves and to also
reduce the noise made by the balls when the
counterbalancing apparatus is in operation as will be

described hereafter.

The balls 21, 22, 23, 24, 25 are manufactured
from a hardened material such as carbide. Likewise, the
races or grooves 11, 12, 13, 14, 15 are hardened. The
hardening is desirable in order to retard or prevent the
formation of "flats" on the balls or races which tend to

reduce the ability of the balls to move freely within the
grooves or races and thereby retard the effectiveness of

the counterbalancing movement of the balls.

OPERATION

In operation, the counterbalancing apparatus 10

is installed on shaft 32 so as to fixedly rotate

therewith such as by using a key 31 between the apparatus
1.0 and the shaft 32. The operation of an unbalanced

member generally illustrated at 33, which creates an out
of balance condition, is initiated and shaft 32 rotates

with member 33 and counterbalancing apparatus 10 as
illustrated.

As an out of balance condition originates within

member 33, the balls 21, 22, 23, 24, 25 in each of the
grooves 11, 12, 13, 14, 15 move and act to counterbalance

the out of balance condition.

It is difficult to precisely state the
principle- by which the balls are known to move and while
it is believed that empirical data will subsequently lead
to formulae and better understanding to predict the
optimal behaviour of the counterbalancing apparatus 10,
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the following explanation is given with the expectation
that further information presently not known will
amplify, modify or change such explanation.

It is believed that the larger balls 23 in
groove 13 will remove the larger out of balance condition
in member 33. The somewhat smaller balls 22, 24 in
grooves 12, 14 will act to remove the somewhat smaller out
of balance condition in member 33. Finally, the smallest
balls 21, 25 in grooves 11, 15 will act to remove the
smallest out of balance condition in member 33. Thus, the
entire out of balance condition in member 33 is removed by
"fine tuning"; that is, by removing the imbalance under
dynamic conditions with a plurality of different sized
balls positioned in separate grooves which balls optimally
remove different degrees of imbalance.

with reference to Figure 2 which illustrates the
leftmost groove 11 of Figure 1 with the balls 21 in a
representative and dynamic balanced position offsetting
the unbalance in member 33, as viewed with a timing light
adjusted for appropriate shaft r.p.m., it has been found
that the optimum behaviour for the balls 21 occurs when:
they do not contact each other in the dynamically balanced
position as is illustrated. It has been found that when
many of the balls 21 come into contact with each other,
the balancing phenomenum is not optimal and modification
of the counterbalancing apparatus 10 may be necessary by
way of structural or weight changes.

The embodiment of the invention illustrated in
Figures 1 and 2 is conveniently used when there is a
large potential imbalance problem in member 33 under
dynamic operating conditions. If the potential imbalance
problem in member 33 is small, the number of grooves and
associated balls therein can be reduced to as few as two
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(2), with all of the balls in each respective groove being
the same size and weight and the balls of the first groove
being different in size and weight from the balls of the
second groove, the former balls acting to remove the large
imbalance and the latter balls acting to remove a smaller
remaining imbalance.

Referring now to Figures 3 and 4, there is
illustrated a further embodiment which is desirable when
the width "W" as illustrated in Figure 3 is limited. 1In
this embodiment, there are three grooves or races 34, 35,
36 with balls 40, 41, 42 mounted therein, respectively.
The balls 40 in groove 34 are all the same size and
weight. The balls 41 in groove 35 are likewise all the
same size and weight and the balls 42 in groove 36 are
likewise all the same size and weight. The balls 40 in
groove 34, however, are larger and heavier than the balls
41 in groove 35 which, in turn, are larger and heavier
than the balls 42 in groove 36. Under operating
conditions and when an imbalance occurs in member 33
during rotation of shaft 32, the balls 40, 41, 42 will
assume positions which counter the imbalance. A
represenfative view of the positions of balls 40, 41, 42
illustrated in Figure 4 would be positions where the

~imbalance is removed optimally; that is, and as earlier

described, the balls in each race or groove do not contact
each other.

A further embodiment of the invention is
illustrated in Figure 5. In this embodiment, wherein the
width "W" is again of concern, a first plurality of
cylindrical disc-like weights 50, 51, 52 are positioned to
be freely movable in each of the grooves 43, 44, 45 which
grooves 43, 44, 45 are formed by circumferential dividers
53, 54, 55 which are positioned over hub 60 and between
spacers 61, 62, 63. A silicon lubricant 65 is added to
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the interior of the housing 64 and a closure member 70 is
connected to the housing 64 by the use of cap screws 71.

In operation, the housing 64 1is fixedly mounted
on the rotating shaft 32 as described i1n association with
the method of Figure 1. As an i1mbalance arises 1in member
33, the cylindrical weights 50, 51, 52 will freely move
within the grooves 43, 44, 45 until they assume a position
wherein they counterbalance the imbalance occurring in the
member 33. It has been found that it 1s preferable to
give the sides of the cylindrical disks 50, 51, 52 a
slight bow in order that the discs 50, 51, 52 contact the
dividers 53, 54, 55 with a minimal surface area wherein
they are not influenced by any possible suction which
might otherwise occur between the dividers 53, 54, 55, the
silicon lubricant 65 used and the discs 50, 51, 52 of the
Figure 5 embodiment. It is preferable that the cylinders
or discs 50, 51, 52 move as freely as possible within the
grooves 43, 44, 45 between the dividers 53, 54, 55 as 1is
likewise true for the weights and balls of the Figures 1
and 3 embodiments.

Yet a further embodiment of the invention is
illustrated in Figures 6 and 7, Figure 6 1llustrating four
(4) grooves or races and Figure 7 1illustrating only three
(3) grooves or races. In this embodiment, the
counterbalancing apparatus generally 1llustrated at 75 1s
symmetrical about both axes 76, 72 and is mounted to a
shaft 32 similar to the Figure 1 embodiment.

In this embodiment, however, a central
circumferential member 73 made from a solid piece of
material is machined with a plurality of annular grooves
generally illustrated at 77 on both faces. Balls (Figure
7) are mounted in the grooves 80, 81, 82, 83, the balls

mounted in the outermost groove 80 being the largest and
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the balls in the innermost groove 83 being the smallest.
After providing the silicon lubricant within each of the
grooves 77, two end plates 81 are mounted to the central
circumferential member 73 by the use of cap screws 82.
The operation is similar to the operation of the Figure 3
embodiment; that is, when an imbalance occurs in member
33, the balls in each groove will assume a position

wherein the imbalance is removed.

It is not again presently known why such is the
case, but it has been found that seven (7) balls or
weights in each groove or annular space of each of the
embodiments appear to be an optimal number. It 1s,
however, also believed that a greater or smaller number of
balls or weights would usefully serve to remove various

imbalances under various operating conditions.

A rule of thumb has arisen which has been
helpful to the applicant 1in 1its current product
development. It has been found that the quantity of the
imbalance that may be potentially removed from an out of
balance member by the counterbalancing apparatus 1s the
sum of the weights in each of the grooves or races of the

counterbalancing apparatus.

A further embodiment of the invention 1is
illustrated in Figures 8A and 8B. In this embodiment, the
counterbalancing apparatus ,78 according to the invention
is illustrated as being made from two sections 90, 91,
which sections are mounted about shaft 32 by cap screws 92,
93 and which sections 390, 91 are freely removed from
shaft 32 by removing the cap screws 92, 93. This
embodiment is particularly useful where minimal
modifications are desirably made to the rotating shaft 32
or to the out of balance member 33. Rather, the

counterbalancing apparatus 78 is simply connected to the
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shaft 32 at a position where it 1s possible so to attach
the counterbalancing apparatus 78 and the cap screws 92,
93 are tightened to firmly couple the apparatus ,74 to the
shaft 32.

Yet a further embodiment is illustrated in
Figures 9 and 10. In this embodiment, it 1is contemplated
that the counterbalancing apparatus 87 is mounted inside
the outer circumference of a rotating shaft 32. As
illustrated in Figure 9, the grooves or races 100, 101,
102 are machined directly into the solid material of shaft
32 and the balls 103, 104, 105 are positioned directly
therein for free movement relative thereto. A cover 110
is connected to the shaft 32 and the balls 103, 104, 105
are thereby retained. 1In operation, as an out of balance
condition occurs either in the out of balance member 33
(Figure 1) or in shaft 32 itself, the balls 103, 104, 105
will orient themselves i1n a configuration such as the
configuration illustrated in Figure 10. In such
positions, the shaft 32 and/or the unbalanced member 33 is
balanced by the position of the balls 103, 104, 105 under

dynamic operation conditions.

While it is presently anticipated that the
counterbalancing apparatus according to the invention be
made from a metallic material, i1t 1s also contemplated
that other materials may well be appropriate such as
composite material structures and plastic or the like,
depending on the operating conditions under which the

counterbalancing apparatus is intended to function.

While specific embodiments of the invention have
been described, such embodiments should be considered as
illustrative of the invention only and not as limiting its
scope as defined in accordance with the accompanying

claims.
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THE EMBODIMENTS OF THE INVENTION 1IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1.
D
10
15
2
20
25 3.
4.
30
9.
35

A counterbalancing structural member rotatable about
an axis, said member comprising first and second
annular grooves concentric to said axis and extending
around said axis, a first plurality of weights freely
movable in said first annular groove, a second
plurality of weights freely movable in said second

annular groove, said first plurality of weights in
said first annular groove being substantially the
same weight and size, said second plurality of
weights in said second annular groove being
substantially the same weight and silze, said weight
and size of said second plurality of weights being
different from said weight and size of said first

plurality of weights.

A counterbalance structural member as in claim 1
wherein said first and second annular grooves are
located on the outside circumference of said member,

said grooves being longitudinally separated by a
portion of said outside circumference.

A counterbalance structural member as in claim 2
wherein said weights are spherical.

A counterbalance structural'member as in claim 2
wherein said weights are cylindrical and disc-like.

A counterbalance structural member as in claim 1
wherein said first groove is an outer groove located
near the outside circumference of said member and
said second groove is an inner groove concentric to

and positioned inside said outer groove.
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A counterbalance structural member as in claim 5
wherein said weights in said first outer groove are
heavier than said weights in said second inner
groove.

A counterbalance structural member as in claim 6
wherein said member comprises first and second
substantially symmetrical halves and means to
connect said halves, said halves being operably to be
positioned about a rotating shaft.

A counterbalance structural member as in claim 5
wherein said first and second annular grooves are
formed on one face of said member, said member
further comprising a second face opposed to said
first face, said second face having third and fourth
annular grooves, a third plurality of weights freely
movable in said third annular groove, a fourth
plurality of weights freely movable in said fourth
annular groove, said third plurality of weights in
said third annular groove being substantially the
same weight and size, said fourth plurality of
weights in said fourth annular groove being
substantially the same weight and size, said weight
and size of said fourth plurality of weights being
different from said weight and size of said third
plurality of weights.

A counterbalance structure as in claim 8 wherein the
weights in each of said grooves are spherical.

A counterbalance structure as in claim 9 wherein the

number of said weights in each of said grooves
numbers seven (7).
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11. A counterbalance structure as in claim 5 wherein the

number of said weights in each of said grooves
numbers seven (7).

5 12. A method of dynamically balancing a rotating member
comprising the steps of positioning a first plurality
of weights having the same size and weight in a
first annular groove in a rotating structure,
positioning a second plurality of weights having the

10 same size and weight and different from the size and
weight of said first plurality of weights in a second
annular groove in said rotating structure and
rotating said structure while allowing free movement
of said first and second plurality of weights in said

15 first and second annular grooves.

13. A method of dynamically balancing a rotating member
as in claim 12 wherein the outer inside circumference
of said first and second annular grooves are

20 identical.

14. A method of dynamically balancing a rotating member
as in claim 12 wherein the first annular groove is
coaxial with and located outside said second annular

25 groove.

15. A method to counter an imbalance in a rotary member
comprising the steps of positioning a counterbalance
structure on the axis of said rotary member,

30 positioning a first plurality of weights having the
same weight and size in a first annular groove
located coaxial with said axis and extending about
the circumference of said structure, and allowing
each of said first plurality of weights to freely

35 move within said first annular groove, positioning a
second plurality of weights having the same weight
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and size in a second annular groove located coaxial
with said axis and inside said first annular groove
and allowing each of said second plurality of weights
to freely move within said second annular groove,
said second plurality of weights having a different
weight and size from said first plurality of weights.

A method to counter an imbalance in a rotary member
comprising the steps of positioning a first half of a
structural member having first and second annular
grooves with freely movable weights located in each
of said annular grooves on a rotary member,
positioning a second half of a structural member
having third and fourth annular grooves symmetrical
with said first and second annular grooves of said
first half of said structural member on said rotary
member, connecting said first and second halves,
rotating said rotary member and allowing said freely
movable weights to position themselves within said
grooves so as to remove substantially all of said
imbalance.

A counterbalancing apparatus comprising a shaft
haviﬁg an outer diameter, at least two grooves formed
in said shaft, said grooves being coaxial with the
axis of said shaft and formed one inside the other,
the outside one of said grooves being inside the
outer diameter of said shaft, freely movable weights

positioned in each of said grooves and means to
retain said weights in said grooves.

A counterbalancing apparatus as in claim 17 wherein
said weights are spherical.

A counterbalancing apparatus as in claim 18 wherein
the weight of each of said spherical weights in said
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_17..

outside one of said grooves is identical and greater

than the weight of each of said spherical weights in
said inside one of said grooves.

A counterbalancing apparatus as in claim 19 wherein
the size of said spherical weights in said outside
one of said grooves is identical and greater than the

size of said spherical weights in said inside one of
sald grooves.

A counterbalancing apparatus as in claim 19 wherein

the size of said spherical weights in said inside
one of said grooves is identical.
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