LUBRICANT

highly sophisticat-
ed and unique jour-
nal bearing tech-
nology, only very
recently developed,
has been demonstrated to
operate up to 30,000 rpm,
or 3 million DN. That’s 50
percent faster than today’s
conventional journal bear-
ings, which rarely push
beyond 2 million DN. (DN
is an expression of rotating
speed, calculated by multi-
plying the rotating shaft’s
diameter in millimeters by
its speed in rpm. So a 100
mm shaft rotating at
30,000 rpm would be mov-
ing at 3 million DN.)
What accounts for this
enormous leap in speed? It’s

a revolutionary design called
a Powder-Lubricated, Quasi-
Hydrodynamic (PLQH)
Journal Bearing. And, as its
name reflects, it depends on
a completely new form of
lubrication: powder.

It is based on 15 years of
fundamental research con-
ducted by Dr. Hooshang
Heshmat, president and
technical director of
Mohawk Innovative
Technology Inc., who intro-
duced the Quasi-
Hydrodynamic Theory. This
theory states that powders
can be caused to behave
like liquid lubricants under
appropriate geometries and
pressures, thus generating
a hydrodynamic-like pres-

Fig. 1 Inside the bearing, MoS, pellets (above right)'supply
lubrication to the pads (above center).
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sure, This causes the bear-
ing to be lubricated and
creates a load capacity.

This is a truly revolution-
ary concept that has only
recently been demonstrat-
ed, and shown to have
exceptional performance
capabilities. There is no
other such technology in
the world; it is one of a
kind, Heshmat says.

The currently targeted
application of this technolo-
gy is an auxiliary back-up
bearing, especially with
magnetic bearing supported
systems, such as ground;
and space-based flywheel
energy storage systems, gas
turbine engines and
advanced auxiliary and inte-

Powder Lubricated
Auxiliary Bearing

grated power unit systems.
Although magnetic bear-
ings have many advantages,
they require self-contained
back-up or auxiliary bear-
ings for protection during a
failure or severe transient.
Most conventional auxiliary
back-up bearings have been
of the rolling element type.
Rotors dropped onto these
bearings are susceptible to
violent backward whirl,
which generates large cen-
trifugal bearing loads, and
leads to severe bearing wear
and radio deterioration.
The uniqueness of the
PLQH bearing lies in its
application of dry tribopar-
ticulate powders to provide
a long-life, low-power-loss
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Fig. 2 Schematic of the PLQH test bearing set-up
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auxiliary bearing. The
introduction of powders
between the bearing pad
and rotating shaft gener-
ates a quasi-hydrodynamic
film that separates the
shaft and bearing, minimiz-
ing wear and transferring a
significant portion of heat
away from the contact
zone. And since no moving
parts are involved, the
PLQH bearing design
approach also eliminates
the problems — backward
whirl, instability, and
extremely short life —
associated with convention-
al back-up bearings.

A series of experiments
conducted by Mohawk
Innovative Technology Inc.

Powder Lubricated
Quasi-Hydrodynamic
Bearing

PEED

(MiTi) has demonstrated
the basic feasibility of
developing a PLQH bearing
for advanced rotating
machinery. Based on the
demonstrated operation of
a powder-lubricated journal
bearing at speeds to 3 mil-
lion DN, these may be the
only bearings capable of
meeting and completing
the ever-demanding tribo-
logical goals of a solid
lubrication system for
extreme environments.

Inside the Bearing
The two major technology
components for this system
are the powder pelletized
lubricant delivery system
and the compliantly

Fig. 3 Final set-up of the PLQH Journal Bearing
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mounted slider type journal
bearing (Figure 1).

The self-contained
PLQH journal bearing
consists of five equally
spaced bearing pads with
a bearing diameter of 100
mm (3.939 inches) and
projected pad area of 682
sq. mm (1.058 sq. inches)
with bearing diametrical
clearances of 0.1 and 0.2
mm (0.004 and 0.008
inch). The pads were pre-
loaded at 60 percent from
the leading edge and were
attached to the bearing
cartridge via sets of
adjustable compliant pad
mounts. These were
designed to provide radial,
pitch and roll stiffness.
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The test bearing cartridge
and compliant elements
were made of Inconel 718,
a nickel-base alloy. The 100
mm test journal was made
from M50, and the bearing
pads were made from tita-
nium carbide cermet. The
test journal and pad sur-
faces were ground after
proper heat treatment and
then lapped to obtain a sur-
face finish better than 0.1
micron Root Mean Square.

The molybdenum disul-
fide (MoS,) powder pel-
lets, made with a propri-
etary MiTi binder, were
placed in cylindrical
sleeves attached to con-
stant force springs. These
were further controlled by
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Fig. 4 Temperature change of bearing pads 1, 2 and 5 under fully
flooded and starvation test conditions at 30,000 rpm
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an electromechanical sys-
tem employing solenoids.
A test rig was built with a
rotor supported at one
end by an active magnetic
bearing (AMB) with the
PLQH journal bearing, and
at the other end by a deep
groove ball bearing. The
rig incorporates an electric
drive motor, shaft, mag-
netic bearing and the pow-
der-lubricated quasi-
hydrodynamic bearing.
(Figure 2 shows a
schematic of the set-up.)

The rotor is 556 mm
(21.9 inches) long. The
active magnetic bearing has
a 25.4 mm (1 inch)-thick
laminated stack, a 102 mm
(4 inch) rotor OD and a
typical 2-axis homopolar
bearing with a total of 8
pole face configurations.
The rotor weight at the
active magnetic bearing
was 15.9 kilograms (35
pounds). (Figure 3 shows
the test rig hardware
assembly mounted on a
25.4 mm (1 inch)-thick
steel base plate.)

The working principle of
the PLQH system was that
as the shaft contacted the
bearing pads due to AMB
deactivation, an electrical

Displacement
(mits)

signal caused the solenoids
to deactivate. This releases
the powder pellets to the
shaft and bearing pad inter-
face. Conversely, as the
shaft was again levitated
there was no longer an
electrical signal and this
reactivated the solenoids
thus causing the powder
pellets to retract from the
bearing pad interface, As a
result, the MoS, lubricant
was only applied at the
bearing interface as and
when required.

A total of 10 thermocou-
ples were used to continu-
ously measure the tempera-
ture change of the pads
during testing. The ther-
mocouples were installed
in the leading and trailing
edges of the five axially
centered pads. Two dis-
placement sensors were
located behind the magnet-
ic bearing and these were
used to control the shaft
position. Two displacement
sensors were also located
near the PLQH bearing and
these were used to continu-
ously monitor and measure
the shaft motion.

The signals from these
sensors were output to both
a dual channel oscilloscope,

cast-Down on

Fig. 5 Rotor displacement during operation at 30,000 rpm
(high-speed test, front horizontal displacement)
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that measured the motion of
the shaft during testing, and
a dynamic signal analyzer
(Fast Fourier Transformer,

or FFT) used to measure the
frequency content.

The rotor was driven at
the ball bearing end by a
variable speed motor. The
maximum rotor speed was
more than 30,000 rpm
and the PLQH test model
was tested to this high
speed several times with-
out failure.

Test Sequences

The prototype bearing test-
ing was accomplished in
four distinct phases:

* short duration testing
at low speeds ranging from
2,000 to 5,000 rpm;

* impact or rotor drop
testing (transient shock
simulating magnetic bear-
ing failure) at 15,000 rpm;

* high-speed testing at
30,000 rpm; and

* lubricant starvation
testing, also at 30,000 rpm.

For each of the tests the
following data was record-
ed: pad temperatures, shaft
speed, bearing load, motor
power loss and the rotor
vibrational displacement
during coast-down via an

. JVery little wear
y 3
“:"q pn pad surfaces

FFT waterfall plot. The
data was recorded on two
data acquisition systems, a
PC-based LabView system
and a digital tape recorder.
At the end of each test the
bearing and journal surface
were inspected for wear
and film transfer. Surface
roughness measurements
were conducted on selected
bearing pads and the shaft.

Results from
Experimental Rig
Figure 4 shows the temper-
ature increase of the bear-
ing pads during the high-
speed and starvation tests
at 30,000 rpm on the fully
lubricated PLQH bearing.
For the fully flooded condi-
tions the temperature
increase for pad 1 was low-
est and in the range of 90
degrees E For pads 2 and 5
the temperature increase
was in the range of 115 E
However, under starvation
conditions the temperature
increase for pad 1 was in
the range of 180 to 190 E
pad 2 was in the range of
250 to 400 E and pad 5
was in the range of 400 E
Figure 5 shows a “water-
fall plot” of a high-speed
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Fig. 6 Inspection of bearing test components after testing
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For surgery, an engine rebuild or the sale
of your company, you probably prefer the work done
by experienced practitioners. A specialist in the
lubricant industry, Janas Associates has bought,
sold and consulted for numerous ILMA members.

IT's Whar WE Do.
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associates

201 south lake avenue, #416, pasadena, ca 91101
ph: 626.432.7000 - fx: 626.432.7050
acw@janascorp.com
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Explore the possibilities...

As part of a dynamic and innovative global company, Infineum USA L.P. -
Linden Business & Technology Center is offering unique opportunities for high-
ly talented and ambitious individuals to be contributing members of the
Infineum team. We're looking for individuals who thrive in a challenging
and progressive environment who also possess vision and leadership.

LUBRICANT FORMULATION RESEARCHERS
Two positions exist for experienced Formulation Researchers, in the areas
of automotive crankcase lubricants and power transmission fluids.
Responsibilities include development of new lubricant formulation technol-
ogy for evolving specifications and working as a member of an international
(global) team. The positions require some overseas travel.

Successful candidates will possess a Ph.D. in Chemistry or Chemical Engineering
with minimum of three years experience in formulation of petroleum lubri-
cants; individuals with advanced degrees and minimum five years of relevant
experience will be considered. Experience with design of effective experi-
ments is also required.

MARKETING TECHNICAL SERVICES
Two positions exist for experienced Marketing Technical Service Representatives
in the areas of automolive crankcase lubricants and specialty lubricants. The
incumbents will be the key technical contact for customer accounts: pro-
vide comprehensive technical consultation to customers (in PCMO, HDD,
VM, ATF and Gear Oil product lines) including understanding customers’
roduct requirements. Other responsibilities include gaining OEM (Original
Lquipl‘nunl Manufacturer) approvals for commercial additive packages. Also
work with internal cross functional teams to develop, commercialize and
" maintain lubricant additive packages, viscosity moditiers, components, and
| basestock research.

- Successful candidates will possess a BS Chemical Engineering or BS Mechanical
Engineering with experience in the lubricant or additive industry: lubricant
formulation science/product development, component technology, supply
chain management or plant lube oil blending operation is preferred.

All positions require excellent analytical skills, oral and written communi-
cation skills as well as project management skills .

We offer competitive salary and excellent benefits. For confidential consid-
eration, please forward your resume and salary requirements o:

Infineum USA L.P. (:
—1

HR Recruiting Coordinator
Infineum)

Linden Business and Technology Center-1

1900 E. Linden Avenue

Linden, N] 07036

Fax: 908-474-2829 or e-mail:

resumes@infineum.com R ) ;
www.Infineum.com Infineum USA is an Equal Opportunity Employer
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test at 30,000 rpm. This is a
compilation of instanta-
neous FFTs (Frequency
Spectra) taken at discrete
time intervals, showing an
overall view of the test
process with respect to the
front horizontal displace-
ment of the PLQH bearing.
The waterfall plot shows an
initial smooth run-up on
the magnetic bearing, and
as the shaft was set down to
run on the PLQH bearing
only a small amount of low-
frequency motion was
observed. Under starvation
conditions, once the shaft
was running on the PLQH
bearing, there was clearly
some low-frequency
motion, associated with the
first rigid body mode.
Coastdown was done on the
PLQH bearing and there
was a significant amount of
low frequency motion.

Final evaluation was done
on the bearing pads and
pellets after six hours of
accumulated testing
(Figure 6). From initial sur-
face observations it
appeared that there was no
significant wear on any of
the compliantly mounted
slider pads. The MoS, pow-
der had formed a protective
surface film at the contact
interface. The MoS, pow-
der pellets were also intact
and showed good structural
integrity throughout the
duration of the tests.

Record Speeds
Reached

The acquired test data
spanned the range of
expected operating test
conditions including lubri-
cant feed rate, bearing tem-
peratures and operational

dynamic performance. This
has clearly been demon-
strated by the resistance to
wear following six hours of
accumulated testing.
Thermal stability was
achieved at all load and
speed combinations. An
intermediate layer of pow-
der adhered to the shaft
and pad surfaces, resulting
in wear protection to the
bearing mating surfaces.
For the very first time a
powder-lubricated journal
bearing has been demon-
strated to operate at speeds
equivalent to 3 million DN.
This is a one-of-a-kind bear-
ing which has significant
future implications on auxil-
iary bearing technology.
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