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Declaration of Michele Beacom
Patent 9,518,604 B2

I, Michele Beacom, declare as follows:

1. I am over 21 years of age and otherwise competent to make this declaration.
I make this declaration based upon facts and matters within my own knowledge
and on information provided to me by others. I am Managing Editor of CIM
Magazine published by the Canadian Institute of Mining, Metallurgy and
Petroleum (“CIM”).

2. Attached as Exhibit 1009 is a true and correct copy of an article written by
Bo Trygg and Brian Mclntyre titled “Hydrostatic Shoe Bearings Eliminates
Problems for Large Mills,” from a publication known as CIM Bulletin, Volume 75,
Number 842, pages 105-109, published by the Canadian Institute of Mining,
Metallurgy and Petroleum in May 1982 and circulated to subscribers of the CIM
Bulletin. I note that pages 105-109 of Exhibit 1009 include “Volume 75, No. 841~
at the bottom of the pages, which I understand to be a typographical error as the
article was included in Volume 75, Number 842.

I hereby declare that all statements made herein of my own knowledge are
true and that all statements made on information and belief are believed to be true;
and further that these statements were made with the knowledge that willful false
statements and the like so made are punishable by fine or imprisonment, or both,

under Section 10010of Title 18 of the United States Code.

Executed this 7th day of May, 2025

hidss

Michele Beacom
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MECHANICAL-ELECTRICAL

Hydrostatic shoe bearing
eliminates problems for large mills

BO TRYGG

Product Manager, Hydrostatic Bearings

SKF - Sweden
BRIAN McINTYRE

Segment Manager - Heavy Industry

SKF Canada Limited

ABSTRACT

The need for grinding mills of ever in-
creasing capacity and greater feed open-
ings has tended toward mill trunnion
diameters being beyond the size limits
Sfor roller bearings.

Hydrodynamic plain bearings need to
be wide enough to achieve the necessary
bearing pressure in order to obtain an oil
Silm with sufficient carrying capacity at
low rotational speeds. This greater width
increases edge loading resulting from the
deflection of the mill under load.

Because of the high surface pressure

involved, the life of support rollers and
girth rings Is often inadequate—fatigue

leads to flaking on the contact surfaces.
Heat treatment of the girth rings also has
its problems.

The hydrostatic shoe bearing permits
unlimited trunnion diameter and a high
carrying capacity. The self-aligning
shoes compensate automatically for
radial deviations and large deformations
can be tolerated at the girth ring.

The sliding surfaces are completely
separated by oil under pressure, enabi-
ing negligible starting torque and good
damping capacity to be achieved
together with low rotational speeds.

Introduction
Hydrostatic bearings have been known

Bo Trygg

engineering.
In 1977, he joined SKF Canada Limited, and he was appointed as segment, manager heavy
industry, in January of this year.

Bo Trygg, born in Sweden, joined SKF Goteborg as a mechani-
cal engineer in the Heavy Machinery Application Department
in 1969. In 1973, he was appointed project manager for the
development of a new design of a vibrating screen bearing. Mr.
Trygg was appointed as engineering manager of the Mineral
Processing Equipment Department in 1976 and then as product
manager of the Hydrostatic Bearing Department in 1979.

Brian MclIntyre

Brian Mclntyre received his engineering training in England
with Clarke Chapman & Co. Ltd., commencing in 1963. He
served an engineering apprenticeship and moved to the
Mechanical Handling division as a designer specializing in
hoisting and conveyor equipment. In 1970, he joined the
British Gas Corporation Research Station as a designer of test-
ing apparatus for gas pipelines. During this period, he com-
pleted his Higher National Certificate (HNC) in mechanical

Keywvords: eri@ag-bf@(gﬁq@earings, Shoe bearings, Mills, Trunnions, Grinding mills,
Girth rings, Lubrication, Safety devices.

CIM Bulletin, May 1982

within machine technology since 1865,
when the Frenchman Girard received a
patent for such a bearing. During the
following 75 years, these types of bear-
ings were used sporadically for thrust
bearings, primarily in water turbines.
The first usable radial bearing was not
designed until 1938. Since the 1950s,
when hydrostatic bearings started to
come into use within the field of
machine tools, extensive research and
development work has been carried out
at various institutions and research cen-
tres throughout the world.

Many support problems are now solv-
ed by means of hydrostatic plain bear-
ings and the primary factor in deciding
to use them is their unique characteris-
tics:

@ ability to carry high loadings
@ no starting torque

@ large damping capacity

@® no wear

@ large running accuracy

The hydrostatic shoe bearing has been
developed specially for use in the heavy
machine industry, with the requirements
for high loadings and large support
diameters which this market demands.

Function

Irrespective of the area of machine con-
struction within which the hydrostatic
shoe bearing is to operate, the same
basic principles still apply to its func-
tion; i.e. the sliding surfaces are com-
pletely separated by means of oil under
pressure. In order to give a total descrip-
tion of the functioning of the shoe bear-
ing system, we have chosen to describe
below the function of what we will call a
complete system, where both master
shoes as well as slave shoes are used.
As mentioned above, the same prin-
ciples apply to all areas of construction,
but with those simplifications and adap-

tions whidaxth¢hielqv@2y machine con-

struction allows orﬁ ires. We wish to
stress th Ve %:51&1 of function
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FIGURE 1. Radial position of girth
ring.

S
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FIGURE 2. Separation of surfaces by
oil film,

ho/\

FIGURE 3. Oil film thickness at
laminar flow.

D

FIGURE 5. Articulated shoes with
pressure-relieved joint.

&
N

FIGURE 4. Articulated shoes.

4
A

FIGURE 6. Slave shoe regulated by
fluctuating pressure in the piston
chamber.

given discusses the principles of the shoe
bearing system, and that the figures of
both shoes and the oil supply systems are
stylized ones.

Description of Function

The radial position of a girth ring can be
determined by means of two fixed an-
gled supports (Fig. 1).

If the surface of the supports is
designed with the same radius of cur-
vature as the girth ring and the support
surface is provided with a recess and a
sufficient amount of oil under the re-
quisite pressure is supplied, then it is
possible to separate the mating surfaces
by means of an oil film. This applies ir-
respective of whether the girth ring is
stationary or rotating. The thickness of
this oil film is not affected by the speed
of rotation. The oil pressure is affected
by two factors only—the magnitude of
the loading and the area of the suppor-
ting surface (Fig. 2).

According to Hagen-Poiseuille, the oil
film thickness at laminar flow is deter-
mined by the equation (Fig. 3):

hy= 34 fiz _anl
bAp
where h, =_oil film_thi S, gap
?] =f?&gﬂrﬁ9003ﬁe§e gap
n = dynamic viscosity of the oil
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1 length of gap

b = width of gap + 2a; + 2a,
Ap = drop in pressure over the gap
Sliding Shoes

If the supports—to be called from now:
on ‘sliding shoes’—are allowed to rest
on a semisphere, they will be able to tilt
and turn in all directions. In this way, er-
rors in form and angular misalignments
in the girth ring can be compensated for.
However, the joint will have to take up
the full load and a relatively large fric-
tion torque will make movement diffi-
cult (Fig. 4).

The joint can be relieved by designing
the lower part of the sliding shoe as a
piston and allowing a duct to connect
the oil recess in the sliding shoe with the
cavity under the sliding shoe. The oil
pressure will then be the same on both
sides of the sliding shoe (Fig. 5).

The oil pressure is a function of the
magnitude of the load and the size of the
support area. At increased load and con-
stant support area, the thickness of the
oil film decreases at the same time as the
oil pressure increases. For practical
reasons, it is necessary to limit both the
pressure and the size of the supports.
For this reason, the number of supports
must be increased for large loadings.
The sliding shoes in the two original sup-

ports, ‘‘master shoes’’, are, as has been
previously mentioned, fixed radially and
therefore determine the centre of rota-
tion of the girth ring. In order to be able
to compensate for errors of form and
misalignment of the girth ring, the
sliding shoes must, by the additional
shoes—*‘slave shoes’’,—be able to move
in a radial direction.

If one allows the joint to be affected
from below by a piston via a piston rod,
the radial position of the sliding shoe
can be regulated by means of increasing
or decreasing the oil pressure in the
lower piston housing, i.e. the re-
quirements for a function of the “‘slave
shoe’’ have been fulfilled (Fig. 6).

Let us see how a combination of one
master shoe and one slave shoe func-
tions.

If the supporting surfaces in the two
shoes are made equally large and sup-
plied with equal amounts of oil, and if it
is assumed that the oil film thickness is
the same on both shoes, then according
to Hagen-Poiseuille’s law, the pressure
must also be equal, i.e. p; = p,.

It then follows that the loads on the
two shoes must also be equal. By pro-
viding a connection between the piston
housing of the master shoe and the lower

piston Hgisibgt dfQd4g slave shoe, it is

0ssi 0 t. the shoes to work
P 'ﬁdé v.gf\/le{éo
Volume 75, No. 841



together. The same load-dependent
pressure will thus prevail in the lower
piston housing of the slave shoe as in the
piston housing of the master shoe (Fig.
7).

The equilibrium equation for the slave
shoe is then:

Apy = Aypy + Aypy
£1 = p2
1= Ayt Ay
This relationship between the areas is a

prerequisite for achieving equality of oil
film thickness in the two shoes.

Errors for Form

Let us now examine the case of an error
of shape in the grith ring, for example a
depression in the surface.

When the depression passes the slave
shoe, the gap increases and the oil flows
more easily, thus decreasing the pressure
p,. The shoe carries less load. The
master shoe, which has not yet been af-
fected by the depression, receives a cor-
responding increase in load with the
resultant increase in the pressure p,. An
increase in the pressure p, causes the
lower piston in the slave shoe to be rais-
ed sufficiently so as to achieve a new
equilibrium, i.e. the pressures p, and p,
are again equal. In the case of a bulge in
the surface, this procedure will be the
reverse. In this way, the radial load on
the two shoes is automatically the same
(Fig. 8).

Hydrostatic shoe bearings can be used
to advantage to take axial loads as well.
If axial location in both directions is re-
quired, it is possible to choose between
the two methods, as shown in Figure 9.

The left-hand illustration shows a
thrust bearing which consists of vertical
sliding shoes mounted directly on the
radial shoe. The sliding shoes are located
at each side of the girth ring. Alter-
natively, the sliding shoes can be located
against a special guide flange.

Oil Supply System

The system comprises primarily the oil
tank, pump equipment, filters and re-
quisite safety equipment.

As previously mentioned, all shoes are
fed with equally large flows. This is
achieved by means of a flow divider
which divides the constant primary flow
into a requisite number of equal sub-
flows. The flow-divider is comprised, in
principle, of a number of gear pumps,
one for each shoe, mounted on a com-
mon shaft and driven by the oil flow.
They work alternately as pumps or
motors depending on the pressure in the
shoes. The pressure does not affect the
flow, which remains equal and constant
to all the shoes under all circumstances.

If the bearing arrangement also in-
cludes shoes for axial location, then
units for these shoes are also incor-

d in th ivf
poirf;lt: relt?lrtn eoi‘;[??/ g(%l’lvelgigfl‘nlt%e sump

beneath the shoes and then passes back

Ag p1—

FIGURE 7. Slave shoe - master shoe combination.

Master shoe

FIGURE 8. Depression effect on shoes.

Master shoe

N

FIGURE 9. Hydrostatic thrust bearing arrangements.

to the oil tank (Fig. 10).

Safety Devices

It is of the utmost importance to ensure
that metal-to-metal contact between the

sliding shoes and the girth ring does not
occur during rotation. In order to avoid

this, the M%{i is equipped
with a number i;affgzjglezgirltavices. If the

pump shdildSav. dMkespfor any reason
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. Oil tank

. Pump

. Electric motor

. Relief valve

. Oil filter

6. Pressure switch monitoring the pump
motor

7. Check valve

8. Accumulator

FIGURE 10. Oil supply system.

T S S

9. Flow divider

10. Master shoe

11. Slave shoe

12. Girth ring

13. Pedestal for the shoes
14. Oil sump

15. Oil cooler

16. Valve for cooling water
17. Thermostat

FIGURE 11.

- —11

FIGURE 12.

FIGURE 13. Accuracy of shape for
girth ring.

whatsoever, then the pressure switch ac-
tivates an alarm which immediately
stops the mill. In such an event, or when
there is a complete power cut with both
oil pump and plant stopped, the bearing
arrangement is supplied with oil during
run-down time from a hydraulic accu-
mulator. Other pressure switches can be
connected in such a manner that the mill
cannot be started up again until the re-
quisite oil pressure has been obtained.

Oil filters with blockage warning
systems are also incorporated in the
pump circuit as well as heating and cool-
ing equipment for the oil.

Trunnion and Girth Ring

Trunnion bearing arrangements in
Figure 11 relate to so-called trunnion
bearings, i.e., drums having carrying
heads. Page 11 of 12

Girth ring bearing arrangements in

108

Figure 12 relate to so-called runner bear-
ings, i.e. the bearings act against a girth
ring, applied directly on the circumfe-
rence of the mill or along its extension.

The following remarks will primarily
discuss requirements for, and design of,
girth rings, but the specifications in-
dicated will also apply to trunnions in
the case of trunnion bearing arrange-
ments, wherever this is applicable.

The girth rings can be manufactured
of a low-carbon-content weldable steel
with a hardness of 100-150 HB; for ex-
ample, SIS 1312 (0.12% C, 0.20% Si,
0.5% Mn). The rings are roller-bent in
the normal manner and the joint welded
prior to machining.

The following manufacturing tole-
rances should apply:

Exterior fineness, Ra 3.2 (equivalent to
fine turning).
Exterior shape tolerance. The degree of

shape accuracy should lie within 0.04
mm and be related to the surface of the
individual shoe, i.e. the width (W) and
length (L) which the shoe occupies (Fig.

-13). The diameter tolerances are shown

in Figure 14,

The width of the girth ring (b), and the
requirements for same, dépend on where
the hydrostatic axial location will be us-
ed and, in such case, in which manner
this is to be arranged.

No Axial Location

If the bearing arrangement is not to be
combined with any axial location, the
girth ring shall have such a width that it
always covers at least the entire surface
of the sliding shoe. The following fac-
tors are decisive in determining the
width:

@ how accurately the radial shoes can
be adjusted axially in relationship to the
centre of the girth ring;

® how large the axial movement will be
during operation, dependent on
longitudinal extension, axial location,
etc.

As a guide value, it is recommended
that the width (b) of the girth ring for an
axially non-located bearing arrangement
shall be selected as being at least the

width (WIxH{ibi¢ $@dige shoe plus 10

mm.
FLS v. Metso
Volume 75, No. 841



Areas of Application

The unique design and function of the
hydrostatic shoe bearing solves support
problems within a wide area. Most often
it is the support system’s ability to carry
high loadings in combination with great
support diameters which has a decisive
influence on the choice as to the princi-
ple of support. However, such factors as
great damping capacity, negligible star-
ting torque, great running accuracy and
infinitesimal wear are also arguments
which weigh heavily in favour of choos-
ing the hydrostatic shoe bearing system.

All this has contributed to the
hydrostatic shoe bearing system opening
the way for new solutions within ma-
chine technology.

With regard to the function of the
bearing, there are no limitations as to
the size of the support diameter, which is
why the bearings can operate directly
against a girth ring placed on the cir-
cumstance so that the expensive support-
ing heads are eliminated. This also con-
tributes to reducing the over-all length
of the mill, which has a direct effect on
the cost of the actual construction. The
girth ring can also be placed on those
points on the circumference which are
most favourable with regard to the ten-
sion, with resulting savings of material.

The negligible starting torque con-
tributes to the loading on the gearboxes
being greatly reduced during start-up
and during slow rotation, which in the
majority of cases allows the gearbox to
be manufactured in a smaller size. The
hydrostatic shoe bearing system is con-

_Diameter girth ring/trunnion (mm)

o o o o o o (=) o
]88. 8 8 8 8 g8 g g 8
LS. AP L
-1
=2
-
-4
5 —
(mm) 55

FIGURE 14. Dimensional tolerance for girth ring.

structed of a number of complete self-
aligning shoes which compensate
automatically for both angular errors as
well as radial deviations of the girth ring.
The result is that edge loadings in the
bearings are avoided and that the sup-
port becomes insensitive to alignment
faults or settling of the pedestal. The
radial self-aligning capacity enables
large deformations to be tolerated at the
girth ring and, despite this, gives an even
distribution of loading between the
shoes.

For supporting large axles for diffe-
rent types of machining, for example
grinding, turning, etc., many of the ad-
vantages of the hydrostatic shoe bear-
ings can be utilized, primarily their run-
ning accuracy, damping capacity and
negligible starting torque. An argument
which weighs heavily in their favour is
also the fact that the shoe bearing design
makes it possible to achieve fine adjust-

ment of the central axis of the work
piece after pressurizing.

In supporting vertical rotating discs,
for example containers for horizontal
mills, the shoe bearings have the unsur-
passed ability to achieve an evenly
distributed loading between the shoes as
well as the support being insensitive to
shock loadings, and it is these factors
which are made use of. Here too the
choice of bearings is of course affected
positively by the fact that the starting
torque is negligible. For this type of con-
struction, we recommend that the disc is
laid up on three master shoes with fixed
height dimensions and plane running
areas; i.e., the shoes should be of the
model without the so-called lower
piston. Taking into account the size of
the load, it will then be possible, if the
need should arise, to have any number
of slave shoes of the standard design
connected to the master shoes.

APEO
Dr. Philip A. Lapp, P. Eng., president of
the consulting firm of Philip A. Lapp
Ltd., Toronto, has been elected president
of the 47,000-member Association of Pro-
fessional Engineers of Ontario (APEO).
Dr. Lapp succeeds Alex Kobelak, P. Eng.

Among engineers joining the new coun-
cil is Claundette MacKay-Lassonde,
P.Eng., of Mississauga, the first woman
to be an APEO councillor. Ms. MacKay-
Lassonde is a nuclear safety analyst with
Ontario Hydro.

Other new council posts filled by ac-
clamation are: C.J. Moull, P.Eng.,
Toronto, manager of procurement, On-
tario Hydro, first vice-president; W.H.
Kerr, P.Eng., Ottawa, vice-president,
Oliver, Mangione, McCalla and Associ-
ates Limited, eastern region councillor;
D.J. Thwaites, P.Eng., Brampton,
engineering manager, Litton Systems
Canada Limited, west-central region

councillor; Rage Hde ﬂ’%ng., St.

names new slate of officers

Catharines, director of engineering,
Regional Municipality of Niagara, west-
ern region councillor; P.L. Cook, P.Eng.,
Porcupine, manager and partner, Fodor
Engineering Limited, Timmins, northern .
region councillor.

Elected second vice-president was C.
Bruce Ross, P. Eng., Toronto, executive
vice-president of Hollinger Argus
Limited.

Bernard C. Pattinson, P.Eng., Thorn-
hill, was elected councillor for the east-
central region. Mr. Pattinson is a design
engineer with Ontario Hydro.

Remaining on Council to serve the last
year of their two-year term of office are:
east-central region councillor, L.F.
Pitura, P.Eng., Thornhill, assistant depu-
ty minister, community development,
Ministry of Municipal Affairs and Hous-
ing; western region councillor, F.E.
Burke, P.Eng., Waterloo, professor,
management sciences, faculty of engineer-

ing, University of Waterloo; eastern
region councillor, E.R. Corneil, P.Eng.,
Kingston, professor, department of mech-
anical engineering, Queen’s University;
northern region councillor, G.A. Cuth-
bertson, P.Eng., Thunder Bay, project -
manager, Proctor and Redfern Limited;
councillor-at-large, N. Monsour, P. Eng.,
Sarnia, manager, inspection department,
Polysar Limited.

Appointed councillors, representing
various fields of engineering, are: D.J.
Clough, P.Eng., Baden, professor of
engineering, University of Waterloo
(civil); B.A. Young, P.Eng., Mississauga,
vice-president, Great Lakes Electrical
Limited, Toronto (electrical); R.T.
Tamblyn, P.Eng., Gormley, president,
Interface Ltd., Toronto (mechanical,
aeronautical and industrial); J.F.
McOuat, P.Eng., Toronto, president,
Watts, Griffis and McOuat Limited (min-
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