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ABSTRACT
The choice of which lubrication strategy to apptr pump

bearings has implications for both the short teharacteristics
exhibited by the bearings and their long term kality. When
lubricating rolling element bearings, four basitattgies have
historically been employed:

Grease lubrication
. Qil bath lubrication
Oil lubrication via slinger disc or oil ring
Oil mist lubrication

For high speed (3000 RPM and higher), slinger dscoil
rings are commonly used due to the short re-grgasiterval
exhibited with grease lubrication and the high hgeateration
due to churning seen with oil bath lubrication.
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This paper seeks to reprise the work of Lemmon &d%o,

Heshmat & Pinkus, Gardner and Ettles et al in dafirnthe

equations of performance related to oil slingeicglisand oil

rings. It will then address some of the operatioaad

reliability concerns of each of these oiling methagsing a
purpose built test rig that is representative ef¢hrrent state of
the art in bearing housing design for pumps.

Specifically it will look at how the following pamaeters affect
oil delivery and stability:

. Rotational speed

. Bearing housing inclination

. Oil ring material

. Slinger geometry

. Slinger and oil ring submergence depth
BACKGROUND

The lubrication methods for horizontal pump rolling
element bearings are widely known and many pretea®exist
among the users and manufacturers of pumping equipm

For smaller bearing arrangements and slower speitds
bath lubrication arrangements are commonly employdd
these arrangements the normal oil level is setaatral 1/%" to
% of the diameter of the rolling element ball (@iler) as
shown on Figure 1. These arrangements have thentadeaof
simplicity of design and manufacture.

-
’ll Oil Bath

Level

Figure 1: Oil bath lubrication showing a typical level

For 2 pole operation (3000 RPM and higher) and fo
larger bearings, many manufacturers utilize oilting
lubrication via oil ring or oil slinger. The goaif these

arrangements is to have the normal oil level befovrolling
element bearing (hence the lifting required), indesr to
minimize heat generation due to oil churning. Télmurning
can easily account for > 50% of the total heat ¢gted in the
bearing. A common rule is that when Nelxceeds 300,000, oil
bath lubrication is no longer a good choice and lifing
lubrication such as oil rings or slingers shoulceb@ployed.

Oil mist lubrication is viewed by many as the “Gol
Standard” in terms of providing optimum lubricatiqnantity,
cleanliness and cooling to the rolling element meg. The
advantages of such arrangements are covered esdbnén
books such agil Mist Lubrication: Practical Applications
(Bloch, H.P., Shamim, A., 1998) and will not be alissed
further in this paper.

INTRODUCTION
The purpose of this paper is to build upon exispagers
on oil ring and oil slinger delivery. Specificaltyencompasses
the following goals:
» Side by side comparison between oil rings and
slinger discs in a common arrangement

e Quantification of the effect of unfavorable
housing angles on oiling performance

* Quantification of the effect of housing movement
on oiling performance

By doing so it is hoped that the manufacturers asets of
rolling element bearing arrangements will have aacdr
understanding of the strengths and weaknessesbfdesign.

Qil ring design considerations and prior art.

Qil rings are loose pieces that rest on the shafteu
gravity and the bottom point of which dips into thié sump.
As the shaft rotates the oil ring is as drivendtate, picking up
oil from the sump, depositing oil on the shaft,othing it
against the inside of the housing and atomizingnéd a mist.

Because the oil ring is free to move, a significamge of
motions is possible many of which are describegHashmat
and Pinkus, 1984). These can be Oscililatory (pkmd),
Conical and Translatory as shown in Figure 2. Addally if
the installation of the pump is not level or isgshiased, the
ring has a tendency to act under gravity to runmtolv
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Figure 2: Oil ring motions (Heshmat and Pinkus,4)98

A later paper (Heshmat and Pinkus, 1984), detemihat
the optimal ring shape for oil ring stability anil delivery was
a trapezoid. There was also a determination mddée
“optimum” ring weight (for oil delivery) per unit fo
circumference as beirg24 N/m (0.14 Ib/in) although no data
was presented to support this. No comparativeing wear
testing results were presented although it wasdtttat the
brass ring wears slightly less than the otfiefthose others

The equations governing oil ring operation were D€ing bronze to SAE-660 and Muntz (60Cu-40Zn).

extensively defined by (Lemmon and Booser, 196)ere are

three discrete modes of operation which are desdritelow The significant aspect of both papers was thati¢séng
and shown in Figure 3: was centered around the use of oil rings to feejduanal

bearing setup. This makes it difficult to detereniimnow

«  No-slip Drive which occurs at slow speeds where the applicable they would be to a modern oil ring agement used

oil ring is driven at a speed in direct proportionthe to feed oil to rolling element bearings via collent shelf
shaft speed. geometry. Both papers also discounted the usmglaf Wweight

(or non-metallic) rings as being suboptimum bagsedrad their
lower measured oil delivery rates.

Due to these movements the oil ring may interath wie
fixed structures in the bearing assembly in an vorizble way
which can lead to a reduction in oil delivery tdggt with oil
ring and/or housing wear. There have been repardésés of
extensive ring wear (Bloch and Budris 2010). Hos reason
modern oil rings designs tend to employ guidesariers in
order to better control the ring motion.

e Partial-film Drive occurs when the ring starts lip s
and a decreased driving force is provided by thégla
oil film between the ring and the shaft. Dependimg
ring size there can be a significant slowdown mgri
speed relative to the no-slip drive speed.

In a study on black oil formation in APl 610 pumgaing
housings (Bradshaw, 2000), the stability of a naatattic oil
ring was found to be superior to that of a bron#ering of
similar geometry. Specifically it was stated that:

e Full-film Drive occurs with further shaft speed
increases. The ring speed starts to increase again
is determined by the Reynolds numbers of the shaft
and ring.

“Test showed that the source of bronze in the o# wa
primarily due to the oil ring erratically hittinghe bearing
housing and bearing cap or wearing against the ilg
carrier.  Varying the oil level did not eliminatehis
behavior....The nonmetallic ring ran in a more stafashion
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eliminating the erratic tracking and pendulum beiloavseen
with metallic rings and did not exhibit any wearrithg testing.
It was concluded that oil viscosity exerts a greatamping
influence over the low mass, nonmetallic ring tllametallic
ring thereby effectively preventing the erratic mot and
tracking from occurring.

While this comparison was made using a standard

production rolling element bearing housing, theraswno
attempt made to measure and compare oil delivéeg ffar the
different oil ring materials.

The authors are not aware of any paper where thetefn
oil ring stability and oil delivery of housing inchtion or
pitching/rolling (such as might be encountered oship or
FPSO based installation), are studied. This idgaifgcant
concern given that such installations are incregginised in
recovering oil from offshore wells.

Figure 4. FPSO in the Adriatic Sea, courtesy okiviiedia
creativecommons.org

Oil Slinger design considerationsand prior art

The oil slinger disc arrangement is simple to ustiad.
A disc is mounted inside the bearing housing andriien by
the pump shaft. The disc outer edge is immersetesdepth
into the oil. As it rotates oil is lifted from theump and thrown
onto the inside of the housing. This also resiuitssome
atomization of the oil into a mist within the aipace of the
housing. Refer to Figures 5 and 6.

Since the disc is connected to the shaft, the spée¢de
disc is easily known. The disc is insensitive tboration and
housing inclination.

The design of the housing must be considered irarazb/
when a rigid oil slinger is to be used. This icdgse the
slinger cannot be larger than the opening in tlaibg housing
in order to allow assembly. This in turn means dilelevel

must be controlled carefully unless oil bath operatis
acceptable. See Figure 5 which shows an examplanof
arrangement with a small disc and the normal eglesuch that
the bearing elements are submerged.

In the past, two alternate designs have been pecpos
order to circumvent the limitation of a rigid slegdisc.

One design employs a flexible slinger disc eitheaden
from an elastomer or with flexible metal petals bloth cases
the flexibility of the disc allows a larger diametdisc than
could otherwise be used. The disadvantage ofxibfeedisc is
that it can move in unexpected ways during opematid his
may occur if the disc is sited in close axial proity to some
internal structure within the bearing housing subht it is
affected by the windage hitting this structure. dne test
performed in the author's R&D facility, movementtbe disc
effectively blocked off oil to a bearing causingatfail.
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N

Figure 5: Bearing housing with small dual oil skmgdiscs
operating as a mixed oil bath/oil slinger arrangeime

A second alternate design is the use of a thruatidop
cartridge, (basically an additional component thdows a
larger rigid disc to be assembled in place). SgarE 6. The
disadvantage is the introduction of an additionainponent
and set of tolerances to the overall assemblyantsr stackup.
Given that API 610 (API 610 iMedition 6.10.1.8 b) precludes
the use of bearing carriers (on shafts) for simikasons, the
acceptance of such an arrangement may not be sahamnong
users.

When a cartridge arrangement is deployed, proviéion
feeding of oil to the outermost (Drive end) thrbstring needs
to be considered and included. Incorporating dwpiired feed
and drain-back features is rendered more complexhat
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features must be incorporated in both the housing the

cartridge. The cartridge to housing assembly nimespoka-

yoke to prevent it being assembled with the oildf@gassages
out of position as this would lead to rapid beafaiture.

S
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o

Figure 6: Example arrangement of a bearing housiiitt
thrust end cartridge and large diameter oil slinger

The best attempt to describe the equations gowgroin
slinger operation was by (Ettles et al, 1979). tHis paper a
slinger disc was operated over a range of speetthsdifferent
oil scrapers, oil immersions, oil viscosities andsiog
clearances. From this an equation was develdmddefined
the oil delivery rate.

A further important effect was noted which was
characterized as the flinger “critical speed” Tiis due to the
windage of the disc blowing on the oil sump surfdoeally
displacing the oil which in turn impeded oil pickufhe effect
increased at higher speeds to the point at whicknwthe
slinger speed was approximately 2.5x critical speed
delivery went to zero.

Since this slinger disc was partly enclosed byoaefitting
casing and utilized a scraper, the relevance af phaiper to a
slinger disc operating in the open inside a bednmgsing with
no close clearances was unclear.

Other papers that existed for slingers employet lzgge
slow running discs (Gardner, 1977) or utilized dldw disc
and internal scoop (Kaufman et al, 1978) and hexse had
limited relevance to the smaller, open high spaeangement
of interest in this study.

TEST RIG SETUP
The test rig is a custom design specifically fore th
observation and measurement of oil delivery. Thainm

features of the test rig are shown in Figure 7a,7tband 7d.
Internally the test rig is a close facsimile of thalf the
geometry associated with bearing oil delivery fone t
company’s OH2 model line, specifically the SX siZkhis
arrangement uses cast sloping troughs to captareilttthrown
by the oil delivery device (normally an oil ringhédeliver it to
both the radial and thrust bearings. In the tegsarrangement
the sloping trough is machined and attached tohthesing to
allow adjustment if desired. The output of theutb is piped
through the front of the test rig into the collectimeasurement
container.

The test rig is equipped with a viewing window and
internal lighting to allow close observation of tbi delivery
and to ensure that the oil level internal to thedieg remains
at the desired level during testing.

Externally the test rig is mounted on a platformattiean
pivot parallel to the shaft axis and also perpemdicto it.
These dual pivots represent the pitch and roll akia ship or
FPSO. Each pivot axis is controlled via a separatgor
driven variable speed gearbox. This allows thehpénd roll
periods to be adjusted as required. The test aig eapable of
creating an angle of +¥&n the pivot parallel with the shaft axis
and an angle of +°4on the pivot perpendicular with the shaft
axis.

Drive of the oil ring or oil flinger is via a 3 pha AC
motor linked to a VFD. This allowed precise cohtob the
speed from 1000 up to 7200 RPM.

Measurement of the oil delivery rate was made uaidg0
ml measurement container together with a stopwatdihe
guantity was selected to ensure a long enough etgliperiod
and quantity in order to minimize measurement @&tror
Measurement of the oil ring speed was performed witripod
mounted laser tachometer targeting a strip of céfle tape
bonded to the side of the oil ring.

The relevant details of the test rig setup and ring
arrangement are as follows:

Test rig speed range 1000 to 7200 RPM

Test rig pitch angle range x4

Test rig roll angle range +8°

Test rig oil ring materials Bismuth Bronze (Pb Bree

Phenolic grade CE

Qil ring dimensions (see algo4.250” (108mm)
Figure 7c) ID 4.750” (120.7mm) OD
0.31” (7.9mm) width

Oil slinger disc dimensions 4.325” (109.9mm) OD

0.19” (4.8mm) width
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SX thrust bearings 7312

SX radial bearing 6212
SX allowable speed range 1000 to 4000 RPM
SX cooling Finned free convection or

Forced convection fan or
Fin tube cooling insert

SX lubrication method Dual ail rings with ISO VG
68 oil 45° 4.75 O.D.

The expected error of the measurement devices is: § ?

Parameter Expected error .

Oil volume +1mL —— 31— 4.25 Dia

Time __ * 1 second Figure 7c: End view of the Test Rig during rollgfittesting

Rotational speed (oil ring) + 25 RPM*

Rotational speed (shaft, flinger disc + 3 RPM i

*primarily caused by variation in readings dueubricant splashing

Figure 7d: Dimensional details of the Test Rig

The oil used for all testing was Castrol Transmak f
synthetic ATF. This was selected because theisdogity at
74F (23C) (the temperature that the R&D building was
controlled to), was=47 cSt. This represented a typical
viscosity expected to be present in a VG68 oil ungeod
bearing operating conditions.

For all of the testing described in this paper, shase of
rotation was CCW. Tests were performed with CWAtioh
and it was found that under any speed or set oflifons, no
oil flow could be established as the collectioruggh effectively
prevented any oil being deposited. The conclufiom this is
that the collection trough needs to be engineemd tlie
specific rotation desired and if bi directional atbn is
required, oil collection troughs on both sidesh# housing are
necessary.

Figure 7b: End view of tﬁe Test Rig during rollfittesting
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ESTABLISHMENT OF MINIMUM OIL REQUIREMENT
An important question related to oil delivery aralling

element bearings isWhat is the minimum oil delivery that is
consistent with reliable bearing operatidn?After review of
the existing literature a decision was made toizatilthe
guidelines established by publication TPl 176 (®€fer
Technologies INA FAG 2013). Figure 18 of TPl 174®yides
guidance regarding oil quantity for circulated ligchation. This
is reproduced in part in Figure 8 below. The lst®ws the
minimum volume flow for bearings where the oil merhs no
cooling up to Ng, = 500,000.

10000

1000

100

Mimum oil flow (mL/min)

10

[any
o

100
Bearing outer diameter D (mm)

1000

Figure 8: Minimum circulated oil flow from TPI 17Big 18
with Nd,,, = 500,000.

Since the SX bearing frame utilizes 7312 angulartat
bearings, D is 5.12" (130mm). From this the miaim oil
flow is 15.4 mL/min. Since this is for Nd<= 500,000, the
minimum oil flow was adjusted up or down given tiNd,, =
500,000 for a 7312 bearing occurs at 5263 RPM.

It is certainly possible to lubricate the bearinghwess oil
than this. Once through systems such as oil nrigilospot
lubrication utilize oil deliveries that are sigwidintly lower (in
the range of 0.04 mL/min for a 7312 bearing pair3600
RPM). However these are once through systems
“throwaway” lubrication where the oil is discardefter it has
passed through the bearing. They also requiteratio in the
range of 8 to 10, meaning that a more viscous thin the
customary VG68), is necessary. Hence in the aistloginion
these low volume flow rates for such systems che'applied
to small self-contained sump oil lubricated arrangats.

or

BASELINE TESTING

The test rig was setup with a 0.38" (9.5mm) oll
submergence and level stationary conditions. TéBesents
normal conditions in a land based installation.

Measurement of oil delivery was then made at a rarmb
speeds from 1000 RPM to 6000 RPM and is shown girei
There are significant differences between how aliveéry
varies with speed. The oil ring delivery is lowatrlow shaft
RPM, increasing to peak value beyond which thevdeji rate
declines. The slinger disc had the highest defiatrlow shaft
RPM and declined continually up to the highest RPM.

Based on the minimum lubrication delivery line
established previously, it can be seen that thegeii disc oil
delivery was insufficient beyond around 2100 RPNhe oil
ring delivery from the bronze ring was sufficienteo the full
range of speeds run. The nonmetallic ring feljhdly below
the minimum delivery at 1000 and 1200 RPM and agsin
4100 RPM, exhibiting a narrower range of acceptabile
delivery. One possible reason for this is that nbemetallic
ring tended to displace towards the trough duetddighter
weight. This created additional drag and conteduto the
slower ring speeds shown in Figure 13b.

Bronze Qil Ring
—&— Non-metallic Oil Ring
® Plain Slinger Disc
== «= Minimum Oil Delivery Reqd.

1000

100

Oil Flowrate (mL/min)

~

~e

)

1000 2000

3000 4000

5000

6000

0.1

Shaft Speed (RPM)

Figure 9: Baseline oil delivery test, level, statoy 0.38”
(9.5mm) ring submergence.
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The reason for the continuous drop in slinger dislivery
was observed to be linked to the trajectory of diidrom the
disc. As the shaft speed increased, oil was throfivthe disc
closer and closer to the point at which the didt tlee oil
surface. See Figure 10. This progressively reditite amount
of oil available to be later deposited onto the abphe housing
or into the collection trough. Additionally the mdage of the
disc as observed by Ettles (Ettles et al, 1979)% wdikely
contributing factor.

1000 RPM
1200 RPM
1500 RPM

2400 RPM

3000 RPM

3600 RPM
4800 RPM

6000 RPM

Figure 10: Trajectory of oil from the plain flingdisc

TESTING WITH VARYING SUBMERGENCE

The test rig was setup with a range of oil subraecg
from 0.13” (3.2mm) to 1.13” (28.6mm) and level giaary
conditions. The purpose was to quantify the efédatnder or
overfilling the bearing housing in a land basedalkation.

It should be noted that earlier versions of APl 610
(introduced in the 8 edition and removed in thé"@dition),
called for a 0.12” to 0.25” (3mm to 6.4mm) subnerce.
This was later dropped as the margin between gulegrking
and not picking up any oil became very small. ihgsbutlined
in this paper indicates that dropping this requeatmwas a
good decision.

Measurement of oil delivery was then made at a rarrob
speeds from 1000 RPM to 6000 RPM and is shown gures
12a and 12b.

Figure 11: Arrangement showing differing subnegrce with
an oil ring.

== 0.13" (3.2mm) Submergence
—&— 0.38" (9.5mm) Submergence
—@—0.63" (15.9mm) Submergence
== 0.88"(22.2mm) Submergence
i 1.13" (28.6mm) Submergence
= == Minimum Oil Delivery Reqd.

1000

=

o

o
1

Oil Flowrate (mL/min)
[EEY
o

1000 2000

3000 4000 5000

6000

0.1

Shaft Speed (RPM)

Figure 12a: Bronze ring oil delivery with varyingtsnergence.
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—¢— 0.38" (9.5mm) Submergence
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= = Minimum Oil Delivery Reqd.
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Figure 12b: Non-metallic ring oil delivery with wang
submergence.

The results for the bronze oil ring show signifitgamore
variability than for the nonmetallic oil ring. This related to
the stability of the ring particularly at high splseand will be
discussed later.

In general while the oil rings delivered sufficiasit over a
wide range of submergences and speeds, increasing
submergence was associated with reduced oil dgliver
particularly at higher speeds. Reducing submemgdrelow
0.38” (9.5mm) was not beneficial in terms of oilidery.

The speeds of the oil rings was also measuredsasitiown
in Figures 13a and 13b. In general the nonmetailiaing
operated with ring speeds that were 61% to 74%hefspeed
attained by the bronze oil ring. Since the spekdhe ring
correlates loosely with oil delivery, the sloweresds were
likely part of the reason for the lower oil deliyefrom the
nonmetallic ring.

For the oil slinger disc it was found that smalkobes in

(3.2mm) increments. The results are shown in Eidi#. At
3600 RPM, changing the oil level from 0.5” (12.7mm)0.63”
(15.9mm) resulted in a 5x increase in oil deliveryThis
indicates that establishing and maintaining adeguat
submergence is key to a successful oil slinger disign.

=#A—0.13" (3.2mm) Submergence
—4—0.38" (9.5mm) Submergence
—@—0.63" (15.9mm) Submergence
—=#=0.88" (22.2mm) Submergence
—=—1.13" (28.6mm) Submergence

/1
%

500

450

A

/l

—400

w
u
o

w
o
o

N
u
o

Oil Ring Speed (RPM

N
o
o

[
u
o

100

1000 2000 3000 4000

Shaft Speed (RPM)

5000 6000

Figure 13a: Bronze ring oil speed with varying sebgence.
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immersion depth yielded large changes in oil delivate. The
immersion depth was increased from 0.38” (9.5mm).i25”

Figure 13b: Non-metallic
submergence.

ring oil speed with vangin
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—&— 0.38" (9.5mm) Submergence
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—@®— 0.63" (15.9mm) Submergence
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Figure 14: OQil
submergence.

slinger disc oil delivery with vang

TESTING WITH PITCH & ROLL MOTIONS

The housing motion was set such that it experiengid
pitch and £8 roll. See Figure 15 for details of the setup.eTh
period of both the pitch and roll motions was 16os@ls. This
represents normal conditions for the bearing hagusin a
FPSO based installation in the Southern Atlantic.

Measurement of oil delivery was then made at a rarrob
speeds from 1000 RPM to 6000 RPM. Refer to Fidére

Compared to the baseline test, both oil rings dedu
more oil at low shaft speeds in this pitching/mudii
arrangement. This was because the oil delivergufaorable
angles of pitch or roll greatly outweighed the lowé delivery
at unfavorable angles.

The flinger disc had the highest delivery at Idvafs RPM
and declined continually up to the highest RPM. aA0.63”
(15.9mm) submergence acceptable oil delivery wdseaed
up to 4200 RPM. If the flinger disc submergence weduced
to 0.38” (9.5mm), oil delivery was acceptable onfyto 2100
RPM, a similar result to the stationary testing.

+8 4
Pitch

Roll

Figure 15: Test rig pitch and roll angles

Bronze Oil Ring 0.38" (9.5mm) Submergence
=—¢— Non-metallic Oil Ring 0.38" (9.5mm) Submergence
==ié== P|ain Slinger Disc 0.38"" (9.5mm) Submergence
=——@— Plain Slinger Disc 0.63" (15.9mm) Submergence
== == Minimum Oil Delivery Reqd.

1000 -

Oil Flowrate (mL/min)

0.1

1000 3000 4000

Shaft Speed (RPM)
Figure 16: Qil delivery testing with the test rig motion -
active pitch of £4 and active roll of +8with a 15 sec. period

2000 5000 6000
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TESTING WITH ADVERSE HOUSING ANGLES

The housing was set stationary with ¥8ll and -4 pitch
angles. The intent was to simulate worst caseearag might
occur in an accident where the ship or FPSO wasdathand
unable to remain level in the water. With thesgles) the oil
tends to run off of the collection trough, reduciegidence
time and oil delivery.

Measurement of oil delivery was then made at a raxrob
speeds from 1000 RPM to 6000 RPM. Refer to Fidure

Both oil rings delivered some oil under all speeds.
However the delivery was less than the minimumveeyi
criteria for a circulating system. In practicestimeans that
while the bearings would be lubricated to some rtxte
operation for long periods in such a configuraticould
potentially reduce the bearing life. Consideringse adverse
angles would only occur infrequently, tmeybe tolerable.

The oil slinger at 0.38” (9.5mm) submergence deéde
sufficient oil at lower speeds, falling below thénimum
required at 1500 RPM. At 3000 RPM and higherdelivery
became basically zero. With a 0.63” (15.9mm) findisc
submergence, oil delivery was better than theings below
2000 RPM (delivering above the minimum requirediy, &t 2
pole speeds delivered less than either oil ring.

Bronze Oil Ring 0.38" (9.5mm) Submergence
=== Non-metallic Oil Ring 0.38" (9.5mm) Submergence
=== P|ain Slinger Disc 0.38" (9.5mm) Submergence
=@ Plain Slinger Disc 0.63" (15.9mm) Submergence
== == Minimum Oil Delivery Reqd.
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Figure 17: Oil delivery testing with a stationamsst rig and
adverse housing angles {4itch and -8roll, see Figure 15).

As noted previously, what constitutes acceptallle oi
delivery for a short term emergency operation néeds
reviewed in light of the capabilities of each adlligery method.

ASSESMENT OF OIL RING STABILITY

Any assessment of oil ring stability is always gpio be
somewhat subjective based on the observer andatigudge
used to describe the motion. For this test a 60rsk video of
each oil ring was and speed combination was takepanel of
six people watched the video and individually rahkke oil
ring stability on a scale of 1 to 10, where 1 =yvenstable and
10 = perfectly still. If contact was noted betwedée oil ring
guide or the bearing housing and the oil ring, veded the
number of times per minute that contact occurrétie results
are graphed in Figure 18 below.

==¢==Bronze Oil Ring Stability (a scale of 1 to 10)
== Non-metallic Oil Ring Stability (a scale of 1 to 10)
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Figure 18: Oil ring stability and rate of contact

It was found that the bronze oil ring was less Istab
particularly at 2 pole speeds and higher. Adddlbn the
number of observed contacts per minute rose comtisly from
2400 RPM. In contrast the non-metallic ring cotgastarted to
rise only above 2 pole speeds and the number ofact:
remained less.
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OIL RING WEAR

Each oil ring was run for 168 hours at 3600 RP Mvtite
normal 0.38” (9.5mm) oil submergence. The weigheach
ring was measured before and after the test ruimg asjewelry
scale with a 0.01 gram resolution.

No reduction in the weight of either ring was dételc
The bronze ring did exhibit polishing on the insdlameter of
the ring where it contacted the shaft. See Fid@e It was
concluded that if wear was occurring, the rate teassmall to
measure in the time allotted for the test.

Figure 19: Bronze oil ring after wear testing

OUT OF ROUND OIL RINGS

Within the available literature, there is some gisg@ment
over what degree of out of roundness is acceptablan oil
ring.

(Lemmon and Booser, 1960) performed testing with a
16.5" (419mm) diameter ring with 6% out of roundses
forming an ellipse with a major axis of 17" (432mma)d a
minor axis of 16” (406mm). They reported that tiledelivery
to be 80% of the value obtained from a ring witB7% out of
round. They further stated (although no supportey data is
presented), that :

“Out-of-roundness up to 2 per cent of the ring deter
has no appreciable effect on ring speed or oildely”

In contrast (Bloch 2013), referencing a 1957 bopk b
Wilcock and Booser, recommends concentricity liofii©0.002”
(0.05mm). This limit is then contrasted with a 2@xample
where oil rings &xceeded the 0.002-inch (0.05 mm) allowable
out-of-roundness tolerances by a factor of. 30'he stated
limit is not linked to any specific size of oil gn

Concentricity and roundness (circularity) are whiferent
things (the reader should refer to ANSI Y14.5 foe t
definitions), but the guidance implies that 0.002'05mm) is
the limit to be used in both measurements.

In order to evaluate the effect of out of roundnas®il
ring delivery, the authors elected to test aniog with 2% out
of roundness. Since the oil ring utilized hadside diameter
of 4.063” (103.2mm) a 2% out of roundness formgkipse
with a major axis of 4.104” (104.2mm) and a mingisaf
4.022" (102.2mm).

The bronze oil ring was utilized for this test awas found
to be impossible to achieve the required permayieid with
the non-metallic ring (it would either spring baokits original
shape or would break when very large deformatiosiew
applied). The testing was run for two differenbsergence
levels and a range of speeds. The results arergessin
Figure 20.

In general it can be said that oil ring out roursnbelps
with oil delivery at low speeds (below 2000 RPM)d has
mixed results at high speeds. Oil delivery wadiceht at all
the speeds test up to 5000 RPM. At higher spekosavation
the effect of the out of roundness was more nobiesia the
movement of the oil ring, although overall stapilitas similar
to the normal ring.

=== 0.13" (3.2mm) Submergence
—¢— 0.38" (9.5mm) Submergence
—@— Out of Round 0.13" (3.2mm) Submergence
—=j= 0ut of Round 0.38" (9.5mm) Submergence
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Figure 20: Oil delivery testing with the out of ral oil ring
overlaid with the results for a normal oil ring
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DISCUSSION

COMPARISON OF OIL RING RESULTS WITH
PREVIOUS STUDIES
Lemmon & Booser (Lemmon and Booser, 1960), pravide

a range of formulae to define the operational behasf an oil
ring. For the geometry and speeds tested in tgiep the oil
ring was operating in “Full-film Drive” as defineth their
paper. For a 10% submergence and metric unitsedhation
governing oil ring speed was defined as:

0.2

- (Nd2)*®

N, = 0.26

When the oil ring speed predicted by this formwdae( Figure
21), is compared to the test results three obsensftcan be
made

» The non-metallic oil ring speed deviates signifttan
from the prediction

» The bronze oil ring speed agrees with the prediciib
slower speeds but deviates at higher speeds

e Qil ring speed for both materials declines at highe
speeds contrary to the prediction by the formula

The last finding merits further analysis and tegtito
determine the factors influencing this behavior.

—&— As tested Bronze Ring 0.38" (9.5mm) Sub.
—@—As tested Non-metallic Ring 0.38" (9.5mm) Sub.
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Figure 21: Oil delivery comparison with theory.

Similar behavior was not observed by Lemmon & Boose
(Lemmon and Booser, 1960), possibly due to thestirg
being limited to shaft speeds below 3600 RPM. iHesh&
Pinkus (Heshmat and Pinkus, 1984), did observe sienkne
in oil ring speed beyond a certain shaft speedwea¥er there
was no attempt made to quantify the factors thased this.

Due to resource constraints the authors were unible
make a more detailed study of the phenomenon adwii
necessarily be the subject for a future paper.

COMPARISON OF FLINGER DISC RESULTS WITH
PREVIOUS STUDIES
From the work by Ettles (Ettles et al, 1979), arefation

was found linking oil delivery to a number of vdies. The oll
delivery from the disc was defined as:

60 * 300UH L%
= 11025

The data obtained from this testing was checkednaga
this formula however an acceptable correlation ¢oubt be
obtained. This is not unexpected given the sigaift
differences between the geometries of the test rigs

The Ettles formula was fitted to the test resutid hased
on this the following formula obtained:

8.2 %1018 x y—28Y59105
- 11025

Note the sensitivity to submergence reflected m khto
the 6" power term in the equation. The applicability this
equation to other bearing housing geometries waoslket to be
verified by testing and hence it should be used wgution
when the design differs significantly from the tegtused here.

Copyright© 2014 by Turbomachinery Laboratory, TeR&M Engineering Experiment Station 13



SUMMARY AND CONCLUSIONS
The oil slinger had the best oil delivery at slgveads. Its

high speed delivery was very sensitive to oil sulyeece.
Achieving and maintaining sufficient oil submergerrequires
that the bearing design and oil level control besidered
carefully. Specifically since a large diameterngér disc

would be necessary to achieve the submergence ,goalsp

deployment of such a disc in the housing wouldljikequire a
cartridge arrangement or another method of inatald larger
diameter slinger disc.

Out of roundness of the oil ring up to 2% couldeaffoil
delivery in either a positive or negative way degiag on
submergence, although oil delivery was found tcsbfficient
up to 5000 RPM for the scenarios tested. Sinc&oaoRt of
roundness translates to 0.082” (2.1mm) for the tewjed, it
would be reasonable to conclude that a ring mahwufad to an
out of roundness limit of 0.1% of the ring diameteould
perform acceptably.

The non-metallic ring was slower running, deliveriless
oil than the bronze ring, but is stable over a wisjgeed range.
Given that this ring can be made from bearing netethat
protect against incidental contact, it would sugdlest this is a
better choice for the lubrication of bearings igthispeed (>
3600 RPM) operation provided the minimum oil defive
requirements can be met.

The bronze oil ring ran faster than the non-metalii ring
for a given shaft speed which meant it deliverefficgent oil
over a wider speed range. However it was moreabiestat
higher speeds.

Both oil ring materials can deliver sufficient gjlantities
over wide range of submergences and speeds.

No wear was measurable on either oil ring as tealref
testing. Experience with this specific housing d#livery
design (which has been in production for 19 yemr$hat with
correct design provisions, oil ring wear is nobaaern.

Testing shows that a correctly designed oil liftisgstem
can provide adequate lubrication in FPSO or shigeba
installations. Given that it is difficult to predioil delivery of a
specific housing design, testing to validate sudfit oil
delivery is strongly recommended. (The housingigtesind
trough arrangement used in this paper had beervexvaver
many years as a consequence of such physicalgpstin

NOMENCLATURE

FPSO = Floating Production Storage & Offloadingseds

API = American Petroleum Institute

d = rolling element bearing bore (mm)

ds =shaft diameter at oil ring (m)

dm = rolling element bearing mean diameter (d+D)/2
= rolling element bearing outside diameter (mm)

D, = oil ring inner diameter (m)

H = Submergence of ring or disc into the oil (m)

L = effective width of the disc (m)

N = shaft speed (RPM)

Nd, =the product of the shaft speed in RPM * the mean
bearing diameter in mm (RPM*mm)

N, = Qil ring speed (RPM)

U = disc peripheral speed (m/s)

Q = oil delivery (mL/min)

v =oil kinematic viscosity (cSt)

vy =minimum oil viscosity required by the bearin&g(c
= the ratio ofi/v,

) =oil dynamic viscosity (cP)
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