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Hydrodynamic theory- journal bearings

Shaft/journal AT
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Bottom surface

0il wedge forms between shaftfjournal and bearing due to them not being
concentric
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Deep groove ball bearing, open basic design Deep groove ball bearing with contact seals
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Deep groove ball bearing, double row

Deep groove ball bearing, single row with fixed section
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Cylindrical roller bearing, double row, NN type Cylindrical roller bearing, four-row
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Full complement cylindrical roller bearing, single row with seals

Full complement cylindrical roller bearing, single row
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Needle roller and cage assembly
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Angular contact thrust ball bearing, single direction
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Cylindrical roller bearing, single row, NU, N, NJ, NUP types T T L - G S VR gt
- ~ NU.N,NJ,NUP

NUP

NNU )b b agss; 90— BLL g,

Cylindrical roller bearing, double row, NNU type
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Deep groove ball bearings, single row, with snap ring groove

Principal Basic load ratings  Fatiguwe Speedratings  Mass Designations
dimensions dynamic  static load Reference Limiting Bearing Snap ring
lirmit speed  apesd (R = with znap ring)
d D B c C, B, * -SKF Explorer bearing
M kM kN rfrmin kﬂ -
10 30 2 54 236 0.1 56000 34000 0,032 G200 N * SP 30
10 30 9 54 236 0.1 56000 34000 0,032 6200 NR * SP 30
10 30 9 54 236 0.1 56000 28000 0,032 G200-22MR " SP 30
10 i | 54 2,36 0.1 56000 34000 0,032 6200-ZNR * SP 30
12 32 10 [ 31 0,132 S0000 32000 0,037 GATN* SPa2
12 32 10 1.28 i 0,132 50000 32000 0037 6201 NR * sSp 32
12 32 10 7,28 i 0,132 50000 26000 0,037 6201-2ZMR * SP a2
12 32 10 T.28 31 0,132 50000 32000 0,037 6201-ZNIR: * sPa2
15 35 11 8,06 3,75 0,16 43000 25000 0,045 GH2N* SP35
15 35 11 8,06 37 0,16 43000 28000 0,045 6202 NR* SP 35
15 35 11 8,06 3,75 0,16 43000 22000 O,045 G202-2ZMR * SPas
15 35 11 8,06 375 0,16 43000 28000 0045 GH02-ZNR * SP 35
17 40 12 995 475 02 38000 24000 0,085 BAIN"T SP 40
17 40 12 9,95 475 0.2 38000 24000 0,065 GAINR" SP 40
i7 40 12 9,95 475 0.2 35000 19000 0065 6A03-27MR * 5P 40
17 40 12 9.95 475 02 38000 24000 0085 G203-ZNR * SP 40
17 47 14 143 6.55 0275 3000 22000 012 G303 W™ SP 47
17 47 14 143 6,55 0,275 34000 22000 012 GIINR* SP 47
17 47 14 143 8,55 0275 34000 17000 0,12 B303-2ZMA " SP 4T
17 47 14 143 8,55 0275 34000 22000 012 BI03-ZNR * SP 47
20 42 12 895 =] 0,212 36000 24000 0,069 G004 N * SP42
20 42 12 9.95 5 0212 38000 24000 0069 G004 MR * 5P 42
20 42 12 9,95 5 0212 38000 19000 0,089 GO04-27MA * SP 42
20 42 12 9.95 5 0,212 38000 24000 0D,DE9 GOD4-ZNR * SP42
20 47 14 135 6,55 028 32000 20000 0,11 G NT SP 47
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DIFFERENT JAW PULLER

REVERSIBLE JAW PULLER
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BLIND HOSING PULLER
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Suitable tools for the SKF Drive-up method
Designation Description
Hydraulic nuts

HMV ..E, e.q. HMV 40E
HMVC ..E, e.g. HMVC 40E

Pumps
729124 SRB
TMJL100 SRB

TMIL50SRB

Pressure gauge
TMJG100D

Dial indicators
TMCD 10R
TMCD 1/2R
TMCD 5

Hydraulic nut with a metric thread, e.g. M 200 x 3
Hydraulic nut with an inch thread, e.g. ANF 7.847 = 8 Class 3

Hand operated hydraulic pump for

—working pressure up to 100 MPa and

~ hydraulic nuts up to 270 mm thread diameter
Hand operated hydraulic pump for

— pressure up to 100 MPa and

- hydraulic nuts up to 460 mm thread diameter
Hand operated hydraulic pump for

—working pressure up to 50 MPa and

- hydraulic nuts up to 1 000 mm thread diameter

Pressure range: 0-100 MPa

Horizontal dial indicator for measuring displacement up to 10 mm
Horizontal dial indicator for measuring displacement in inches, up to 0.5 in.
Vertical dial indicator for measuring displacement up to 5 mm

oA
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where

Preq = requisite oil pressure for the actual
hydraulic nut [MPa]

P.es = oil pressure specified for the reference
hydraulic nut [MPa)

Areq = piston area of the actual hydraulic
nut [mm?2]

A = piston area of the specified reference
hydraulic nut [mm?]

The appropriate values for Pres, Areq and Arer
are listed in the above-mentioned appen-
dices.

Steps 2 and 3: Determine the number af sliding surfaces and appropriate starting pressure.

oy
=
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=

casel case 2 case
||il ”: |
case & case 5
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Step 5: Put the hydraulic nut in place.

S EES
o

Tapered shaft Adapter cleeve Withdrawal cleeve

Step 7: Read the axial displacement from the dial indicator.

Step 9: Drain the oil fram the hydraulic nut.
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Fig. 31

Step 9: Inject oil under high pressure to separate the mating surfaces.

Fig. 32
Step 10: Drive up the bearing.

I

B
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Electric hot plates

& W B 5 5

Induction heaters

ool (8 0,5 LSy,

Aluminum heating rings
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Heating cabinets

3059 y9olo axll 0ulsS 0,5

Infrared radiators

Heating panels

¢
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Oil baths

Years ago, oil baths were a popular way to heat

bearings and small housings. Today, this method

Is no longer recommended due to economic, environmental and safety reasons.
However, sometimes there is no alternative.

When heating a bearing in an oil bath, some

basic rules must be followed. Only use clean oil

with a flashpoint above Y&+ °C (f4-°F) and a

clean receptacle with an adjustable thermostat.

Furthermore, the bearings or bearing rings

should never make direct contact with the receptacle. After heating the bearing
and before pushing the bearing into position on the shaft,

allow the oil adhering to the bearing to drip off

and then wipe clean the outside of the bearing.

Ly Ol et gl pguatio b JiSuws

Gloves

SKF supplies various types of gloves for the safe
handling of bearings and components. Four
types are available, each suited to specific work-
ing conditions:

special working gloves

heat resistant gloves
extreme temperature gloves
heat and oil resistant gloves
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Bearing internal clearance  (BUL alold ¢ 5 o3lasl

Radial internal
clearance

T &

I 'I-.
] i Axial internal

clearance
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e Measure the clearance “c” at the 12 o'clock
position for a standing bearing or at the 6
o'clock position for an unmounted bearing
hanging from the shaft.

* Measure the clearances “a” at the 9 o'clock
position and “b" at the 3 o'clock position with-
out the bearing being moved.

e (Obtain the "true” radial internal clearance
with relatively good accuracy using the fol-
lowing equation:

radial internal clearance = 0,5 (a + b + c).

1y
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Mounting rolling bearings

Adjusting face-to-face bearing arrangements
Whenever possible, SKF recommends adjusting
face-to-face bearing arrangements while the
shaft is in the vertical position so it will be
supported by the lower bearing.

Measure the distance from the side face of

the outer ring to side face of the housing (1 fig.fY).

TA
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Fig. 42

Fig. 43

Adjusting back-to-back bearing

arrangements When adjusting back-to-back bearing arrangements,
tighten the lock nut or the bolts in the
end plate, while occasionally rotating the shaft

(1 fig. £¥)

19
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Fig. 46
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Table 3
Hexagonal keys and recommended tightening torgue values for ball bearing units with grub (set) screw Incking or collar lecking

Shaft diameter onal Tightening Shaft diameter anal Tighteni
key s tn?lqut m targue "

d d
over el 5 avEr ind. 5
mimfinch romfinch Hm {irtbi) mrmyfinch mmfinch W (fndbf)
Ball bearing units grub (set) screw lacking Ball bearing units with an eccentric bocking collar
Units with the designation suffices TF and TR {excluding those Units with the designation suffixes FM and 'WF
series listed below

- 25 3 4 (35)
- 35 3 4 (35) 25 30 [ 6.5 (58)
35 45 4 6,5 30 65 5 14,5 (144}
L5 65 5 16,5 (146)
85 100 4 285 Ezszg - Sfa sz & (35)

Sfa 1 e & (35)
= Sfa 32 4 gﬂ 1 135/34 Sfo 6.5 EEE’_II
e 138 s 4 11534 3 3fis 16,5 (145)
1345 13 5ha 6,5 (58)
13/ 21434 s 16,5 (146)
2315 2353, T 28,5(252) Raller bearing units with cylindrical collar locking
Units in the SYM .. TF, PYM _TF and TUM .. TF series 13 2345 s 28.5(252)
- 1 s 54 (35) 231 33z i 70 {620)
1 11z e 6,5 (58) 31 & e 149.7 (1 325
133 2314 3 16,5 -ﬁg & § 35035 5fe 149.7 (1 325
2% 3 Tz 28,5125
Units with the designation suffic RM
- 45 3 & Eg
L5 50 4 6,5 (58)
E s 322 4(35
e 13hs s [ ES
135 13fu 5hz 6, ]|
13/ 211434 s 16,5 (1486)
235 2153, Tha 28,5(252)

\Al
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Howok spanners and tightening torgque values for ball bearing units in the 5Y) .. KF, FY) .. KF and FYT) .. KF series, mounted with
an adapter sleeve

Shaft Bearing Appropriate Appropriate hook spanner
diameter unit adapter sleeve
Bare Designation Designation  Tightening torgue

d diameter

mir max PN Frax
mim inch mm - - Nm in.Ibf
19,050 e 25 HE 2305 HM 5-& 13 7 115 150
20 - 25 H 2305 HHN 5-& 13 17 115 150
23,812 1516 30 HA 2306 HM 5-& 22 28 195 248
25 - 30 H 2306 HHN 5-& 22 28 195 248
25,400 1 30 HE 2306 HHN 5-& 22 28 195 248
30 - 35 H 2307 HM T 27 i3 239 292
30162 13 35 HA 2307 HN 7 27 i3 239 292
31,750 114 &0 HE 2308 HHN &8-% 35 45 310 398
35 - &0 H 2308 HHN &-% 35 45 310 398
346,512 17he &5 HA 2309 HN &-% 45 55 398 487
38,100 13 L5 HE 230/% HHN 8-% 45 55 398 L87
40 - 45 H 2309 HHN 8-% 45 55 398 L87
£1,275 154 50 HS 2310 HN10-11 55 65 487 575
52862 1133, 50 HA 2310 HN10-11 55 &5 487 575
L4450 13, 50 HE 2310 HN10-11 55 &5 487 575
45 - 50 H 2310 HN10-11 55 &5 487 575
59212 1354s 55 HA 23118 HN10-11 &5 85 575 752
50 - 55 H 2311 HN10-11 &5 85 575 752
50,800 2 55 HE 2311 HN10-11 &5 85 575 752
53.975 248 &0 HS 2312 HN12-13 85 115 752 1013
55 - &0 H 2312 HN12-13 &5 115 752 1018
55,562 23 65 HA 2313 HN12-13 110 150 974 1328
57,150 23y 65 HE 2313 HN12-13 110 150 974 1328
&0 - 65 H 2313 HN12-13 110 150 974 1328
60,325 23 &5 HS 2313 HN12-13 110 150 974 1328

Y
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Lubrication of Anti-Friction Bearings S Bolus LBl o 0Lq,

Function of The Lubricant

V. To lubricate sliding contact between the cage and other parts of the bearing.

Y. To provide a film of oil between rolling contact surfaces

(elastohydrodynamic lubrication).
. To lubricate the sliding contact between the rolls and

guiding elements in roller bearings.
f. In some cases, to carry away the heat developed in the bearing.

&. To protect the highly finished surfaces from corrosion.

. To provide a sealing barrier against foreign matter

Advantages
). Simpler housing designs are possible; piping is greatly reduced or eliminated.

Y. Maintenance is greatly reduced since oil levels do not have to be maintained

. Being a solid when not under shear, grease forms an effective collar at bearing

edges to help seal against dirt and water.
f. With grease lubrication, leakage is minimized where contamination of products

must be avoided.
&. During start-up periods, the bearing is instantly lubricated whereas with

pressure or splash oil systems, there can be a time interval during which
the bearing may operate before oil flow reaches the bearing.
Disadvantages

). Extreme loads at low speed or moderate loads at

high speed may create sufficient heat in the bearing
to make grease lubrication unsatisfactory.
v. Oil may flush debris out of the bearing. Grease will not.

. The correct amount of lubricant is not easily controlled as with oil
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Operating Temperature Ranges for Mineral Oil-
Based Greases

Grease Type Recommended Operating Temperature Range

(thickener) C "F

Lithium base -30 to 110 —22 to 230
Lithium complex -20 140 -4 284
Sodium base -30 80 22 176
Sodium complex =20 140 -4 284
Calcium base -10 60 14 140
Calcium complex -20 130 -4 266
Barium complex =20 130 -4 266
Aluminum complex =30 110 -22 230
Inorganic thickeners -30 130 -22 266
(bentonite, silica gel, etc.)

Polyurea =30 140 22 284

LBUL sazmo (Fy )3 w5 )ludio dwlxo

Relubrication

The amount of grease needed for relubrication can be
obtained from

Gp=0.005DB

where
Gp = grease quantity, g
D = bearing outside diameter, mm
B = total bearing width, mm

Yy
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Relubrication Intervals—0Oil

The frequency at which the oil must be changed is
mainly dependent on the operating conditions and on
the quantity of oil used.

Where oil bath lubrication is employed it is normally
sufficient to change the oil once a year, provided the
bearing temperature does not exceed 50°C (120°F)
and there is no contamination. Higher temperatures or
more arduous running conditions necessitate more
frequent changes, e.g. at a temperature of 100°C
(220°F) the oil should be changed every 3 months.

For circulating oil systems the period between complete oil
changes is dependent on how often the ail is circulated
over a given period of time and whether it is cooled, etc.
The most suitable period can generally only be
determined by trial runs and frequent examination of the
oil. The same practice also applies to oil jet lubrication.

In oil mist lubrication, most of the oil is lost, as it is
conveyed to the bearing only once.
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APl Standard €10/ ISO 13709

Comblnsllon of Modules 3541 and 343

, 'r???{ ?

j-— Module 34-5
=1

P

|V S—
= N
T3
—t i3
» 10 1%

rotating egupment
fiter

elecic motor
pump

remal baffe

max. operatng level
min. operating level
PUMP Suction leves
heater (opSonal)
sioped bottom

draim

shaft-oriven ol pump with integral pressure relef
TCV (optonal)
cooler

NOTE See azo[Tabie 5.1] ™e modues are frther described In 150 104383

Figure B8.10 — Lubricating-oll system schematic
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Figure 1. Hydrodynamic Converging Wedge Principle on
Journal and Thrust Bearing.

Oil wedge

www.cargeek.ir


http://www.cargeek.ir/
http://www.cargeek.ir/

www.cargeek.ir

P SLLVRPERW BRIl ST

Hydrodynamic lubrication

Lift force
Topsurface Force normalto surface

Bottom surface

sSurfaces are inclined to each other thereby compresing thefluid as it flows.
*This leads to a pressure buildup that tends to forcethe surfaces apart

*Larzger loadscanbecarried

JU95 siBUL jo (Saoluogyomd (55905

Hydrodynamic theory- journal bearings

Shaft/journal

Top surface ~

Bottom surface

il wedge forms between shaftfjournal and bearing due to them not being
concentric

AN
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Journal bearing- process at startup

Shaftfjournal 2= eccentricicy

Bea ring
Stationary Ins@mntofsm@mrting (tendsto Whilerunning (slipsdueto loss

journal climb upthe bearing) of traction and settles eccentric
to bearing)

Because of the eccentricity, the wedge is maintained
(lack of concentricity)

Pressure distribution in a journal bearing

Shaft/journal

Bearing

. Pressure
distribution

e

Max. pressure is reached somewhere in between the inlet and outlet
[close to outlet)

AY
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Selection comparison between grease and oil

Selection criteria

www.cargeek.ir
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Advantages/disadvantages
Grease

0il

Applicationand  Associated components
operating
conditions

Sealing solution

Operating temperature

Speed factor

Shaft orientation

Food compatibility

Installation and  Installation

maintenance

Lubricant retention and
leakage

Inspection
Applying the lubricant
Lubricant change

Contamination control

Quality control

Bearings and associated components
need to be kept separate
Improves sealing efficiency of enclosures

No cooling advantage
Operating temperature limitations

Speed limitations

Suitable for vertical shafts

Low risk of contamination from leakage

Quick
Relatively inexpensive

Retained easily in bearing housings

Difficult to inspect during operation
Normally easy to apply

Difficult to remove all grease, but not a
problem if greases are compatible

Difficult to control contamination

Difficult to monitor

www.cargeek.ir

Bearings and associated components can
be ubricated with the same oil (where
appropriate)

No sealing advantage

Assists with cooling
Suitable for high operating temperatures

Suitable for high operating speeds

Typically not suitable for radial bearings
on vertical shafts

Only food grade oils should be used, due
to the risk of leakage
Time consuming

Expensive (pumps, baths etc. required)

Amount of lubricant controlled easily
Leakage likely

Must maintain oil level
Time consuming

Easy to drain completely and refill
FEServoirs

Can be filtered and reconditioned

Easy to monitor
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Grease additives

Additive
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Table 2

Function

Anti-rust

Anti-oxidant

Extreme pressure (EP)

Anti-wear (AW)

Solid additive

Improves the protection of the
bearing surfaces offered by grease

Delays the breakdown of the base oil
at high temperatures, extending
grease life

Reduces the damaging effects of
metal-to-metal contact

Prevents metal-to-metal contact by
the formation of a protective layer

Provides lubrication when the base
oil becomes ineffective

L5 3,5 hos 5l diels

Operating temperature range —

The SKF traffic light concept

The temperature range for greases is divided by
four temperature limits into five zones:

e low temperature limit (LTL)

* low temperature performance limit (LTPL)
* high temperature performance limit (HTPL)

* high temperature limit (HTL)

AT
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Fig. 41
Do not use
Unreliable performance
Reliable performance
LTL LTPL HTPL HTL

Table 3

Bearing operating temperatures (grease datasheets)

Temperature

description Definition

Low (L) < 50 °C (120 °F)

Medium (M) 50 to 100 °C (120 to 210 °F)
High (H) > 100 °C (210 °F)

Extremely high (EH) =150 °C (300 °F)

1 yloibow! USBLL (6l cas yus

Table 4

Bearing speeds for standard bearings (grease datasheets)

Speed description Bearing speed factor A
Eardial ball bearings Cylindrical roller bearings Tapered roller bearings

Spherical roller bearings
CARB toroidal roller bearings

- mm/min

Very low (VL) - <30000 <30000

Low (L) <100000 < 75000 < 75000

Moderate (M) < 300000 < 270000 < 210000

High (H) < 500000 >2/0000 > 210000

Very high (VH) < 700000 - -

Extremely high (EH) 2 700000 - -

AY
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Table 5

Bearing loads (grease datasheets)

Load description Load ratio
Light (L) P<0,05C
Moderate (M) 0,05C<P=s01C
Heavy (H) D1C<P=0,A5C
Very heavy (VH) P>015C
A=nd,,
where

A = speed factor [mmm/min]
n = rotational speed [r/min]
d,,= bearing mean diameter

=0,5(D + d) [mm]

(OB 0930 S Taxe §y 5 5lake

The right guantity

As a general rule, for bearings mounted in
housings, the bearings should be completely
filled (V++7) with grease prior to start-up.

The free space in the housing should be partially filled (v+ to &+7) with grease (¥ fig. v). In

non-vibrating applications, where bearings are
to operate at very low speeds and good
protection against contamination is
required, SKF recommends filling up to
4.7 of the free space in

the housing with grease
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Table &

Grease performance tests

Test What this means Measurement |unit] Interpretation of results

Dropping point The temperature at which Temperature [°C| -
the grease begins ta flow

Penetration Consistency, the stiffness of Depth of cone penetration High nurnber = soft grease
the grease (MLGI grade) Value between 85 and 475 Law nurnber = stiff grease

[10-* men] (&0 or 100 000
strokes)

Roll stability How easily the grease Change in cone penetration High nurmber = less stable
softens or hardens depth [10-2 rrim| Low number = mare stabls

Mechanical stability The mechanical stability af Rating, dependent on the M = very little grease leakage
the grease when subjectedto  mass of the leaked grease m = some grease leakage
vibration (SKFV2F rating) Fail = a lot of grease leakage

Corrasion protection The degree of corasion of Value between 0 and 5 0 = niv corrasion
the grease when mized with {SKF EMCOR ratingll) B = very Severe Corrasion
water

0il separation The amaount of ofl that leaks  Percentage wesght loss 1) 0% = no oil separation
throwgh a sieve during (DIN 51817) 1004 = compate il
storage separation

Water resistance The change in grease after Value between 0 and 3 0 = na change
water immersion {based an visual inspection) 3 = majer change

(DN 51807/1)

Lubricating ability The hubricating abality of the Rating, dependent on the Unheated test [narmal
grease under aperating ability of the grease to termperature conditians)
conditions typical of large lubricate larpe bearings Pass = is suitabde
bearings {d 2 200 mm) under normal or high Fail = grease & not suitable

temperature conditians Heated test (high

(SKF R2F greass test maching)  temperaturs canditions)
Pass = is surtable
Fail = grease i not suitable

Copper corresian The degree of protection of Value between 1 and & 1 = good protection
copper alloys affered by the (based an visual inspection) & = very bad protectian
grease (DM 51811)

Ralling bearing grease (ife The grease fife Time to bearing failure [hours] -

{SKF ROF grease test maching

EP perfarmance (VKA test)

Fretting corrosion

The ability to classify the
grease as an EP grease

The ability of the grease to
pratect against fretting
COITaSIEN

Extrerme pressure imit of the
greaseﬂ-.l]l[!lr'-l 51350y4)

Bearing wear (mg|
{STM D4170)

A4
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Table 8

Relubrication interval adjustments

Operating condition/  Description Recommended Reason for adjustment

bearing type adjustment of t,

Operating temperature For every 15 °C (27 °F) above Halve the interval To account for the accelerated ageing of
70°C (160°F), up to the high grease at higher temperatures
temperature limit (HTL)

For every 15 °C (27 °F) under Double the interval To account for the reduced risk of ageing
70°C (160°F) (maximum two times)!  of grease at lower temperatures

Shaft orientation Bearings mounted on a vertical Halve the interval The grease tends to leak out due to
shaft gravity

Vibration High vibration levels and shock Reduce theintervald  The grease tends to “slump” in vibratory
oads applications, resulting in churning

Outer ring rotation Outer ring rotation or eccentric Calculate the speed The grease has a shorter grease life
shaft weight factorAusing D, notd,,  under these conditions

Contamination Heavy contamination or the Reduce the interval?l3)  To reduce the damaging effects caused by
presence of fluid contaminants contaminants

Load Very heavy loads Reducetheintervald  The grease has a shorter grease life
ieP>015C under these conditions

Bearing size Bearings with a bore diameter Reduce theinterval?  These are typically critical arrangements,
d > 300 mm which require strict, frequent

relubrication programmes

Cylindrical roller Bearings fitted with J, JA,JB,MA,  Halve the interval Oil bleeding is limited with these cage

bearings MB, ML, MP and PHA cages*) designs

3 For full complement and thrust bearings, do not extend the interval.
2 Contact the SKF application engineering service.
3) For severely contaminated conditions, consider sealed SKF bearings or continuous relubrication.

4 For P, PH, M and MR cages, there is no need for adjustment.
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Table 9
Relubrication procedures
Relubrication Suitable relubrica- Advantages Disadvantages Requirements
procedure tion interval t;
Replenishment ty < 6 months Uninterrupted operation Lubrication ducts in the Bearing housings equipped
bearing housing required with grease fittings
Labour intensive (3rease gun

Continuous tyis very short
relubrication

Easy access to the bearing
housing required

High risk of contamimation
Ideal for difficult access Good pumpability of grease
points required (espedally at low

ambient temperatures)
Low risk of contamination

Mot labour intensive

Continuous manitoring of
lubrication possible

Uninterrupted operation

Fig. 5

Automatic lubricators or
centralized lubrication systems

Fig. &

9
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Inspection during operation LBLL,E ey ;U

148y (65l ) oSy (w3 (LT o

Diagram 2
The advantage of advanced condition monitoring
Vibration or noise level
Pre-warming time Bearing
T T failure
| |
| |
I Depending on the I
| background noise, |
| the pre-warning |
| time can vary |
| |
| |
| |
| |
Detection using SKF |
enuheln'?ed acceleration : Detection by
ey | "Listen and fesl”
|
|
Damage initiated 1
: pa— E Detection by standard
. . vibration monitoring
Time
Monitoring noise: OBUL (slowo oyl 3o ousdd Lid -

ay
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Monitoring lubrication conditions :¢,6<q9, coursg,Sslis Y

qy
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Vibration monitoring for rolling : Slaolaws slsBUL i3y ol o oLk —F

bearings

Fig. 5

Mon-drive DOrive end

end vertical vertical )
Drive end

MWon-drive end @ horizontal

horizontal

Mon-drive Orive end
end axial axial

I\

Motor Driven machine
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Stator
T AT 4
@} € ld] I\Jl
Rotor

o881 8030

A Fig. 7 Labyrinth shaft seals

Adjusting Oil inlets
plate (both sides)
| =

A Fig. 8 Multi-segment journal bearing
with four tilting pads

www.cargeek.ir

Oil injection

< Fig. 9 Two-lobe journal bearing

Vv Fig. 10 Kingsbury-type thrust bearing
with self-equalizing pads with directed
lubrication

plates

aA
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HIGH BEARING TEMPERATURE LIMIT
danger of lining material
wiping f load lies above
this hne.
THIN OIL FILM LIMIT ~
T daonger of metal-to - metal // -~
SEARING contact i load les
LOAD abowve this line.

Ol OXIDATION LiMIT
danger of excessive

REGION OF o1l oxidation if
SAFE OPERATION speed lies beyond

this line

JOURNAL SFPEED —

Limits of safe operation for hydrodyriamic journal bearings
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BEARINGS MATERIALS — LGl  wi>

Composition and Physical Properties of Babbits™

Tin-base babbitts

Ultimate
Mield poim* strength®
Brinell Melting Complete
Composition, % psi psi hardncss point liquefaction
Specinic
Alloy  gravity Cu Sn Sb Pb 66°F 212°F 66°F 212°F 68°F  212°F =T b 2
| 7.34 456 909 452 None 4400 2680 12,850 6050 170 8.0 433 700
2% 7.39 31 392 76 0.03 6100 3000 14,900 8700 245 120 466 669
3o 746 83 834 83 0.03 6300 3100 17,600 9900 270 145 464 792
K 752 30 75.0 116 10.2 5550 2150 18,150 8900 345 120 363 583
5 7.75 20 65.5 141 18.3 2150 2150 18,060 8750 225 10.0 358 565
Lead-base babbitts
Ultimate
Yield poim* strength®
Composition, % Brinell Melung Complete
pst psi hardness point liquetaction
Specific As
Alloy gravity Cu Sn Sb Pb (max) 66°%F 212°F 66°F 212°F  68°F  212°F F F
6(e) 933 1.5 20 15 635 0.15 3300 2050 14,550 8060 210 10.6 358 581
) 9.73 0.50 10 15 75 0.60 3550 1600 15.650 6150 228 10.5 464 514
5 10,04 0.50 5 15 80 0.20 3300 1760 15,600 6150 205 9.5 459 522
10 10,07 0.50 5 15 83 0.60 3550 1850 15450 5450 176 9.0 468 507
11 10.28 0.50 - 15 85 0.25 3050 1400 12,800 5100 150 7.0 471 504
12 10,67 0.50 - 10 90 0.25 2800 1250 12.900 5100 145 6.5 473 498
15(g) 10.05 0.5 1 15 82 1.40 21.0 13.0 479 538
16(1) 988 0s 10 12.5 7 0.20 275 13.6 471 495
19 10.50 0.50 S 9 95 0.20 15,600 6100 17.7 8.0 462 495
**In componites.
*+% Babbitts predominantely ased by clectric utilities (ASTM alloy B23).
Approximate Temperature Limitations of Various Bearing Materials™
Temperature_Degrecs F | |
[1] 200 400 SO0 B0 [ IN] 1200 1 4CHh
Babbits
Lead Base
Tin Base
Sintered Metals
Bronze
Composites
Iron
Aluminum Alleys
Copper-lead
Bronzes
Leaded
Tin
Aluminum
‘ast Iron
Hardened Stesls
Tool Steels
Carbongraphites (Unt d)
Carbongraphites (Treated)
Stellites
Mickel-Based Superalloyvs
Metal-Booded Carbides
Metal-Bonded Oxides
Ceramics
0 200 400 0D

Temperature Degrees C
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PROCEEDINGS OF THE SIXTH TURBOMACHINERY SYMPOSIUM

T ] | MAX DESIGMN
HOMINAL
T SURFACE TEMP
MATERIAL TYPE SAE HOMINAL COMPOSI m{%) HARDNESS ~(sgg N |
ECUNALENT (Hvs) > °"_l
M| Cv P« | Sa | Sa | NI c | °F
TIN BASE WHITEMETAL SAE 12 = s — — 15 ay 3 130 268
[Lm BASE WHITEMETAL | SAE 13 — o5 B35 =] & —_— 1] 130 hé
ALUMIMIUM BASE ALLOY — ] [ 1=] -_— — — 40 —_— a7 155 a
ALUMINIUM BASE ALLOY | SAE 770 92 1 — —_— L] I a5 55 k]
COPPER BASE ALLOY SAE 48 — 70 kLol _— —_— —_— I0-45 170+ | 338+
COPPER BASE ALLOY —_— - T2 28 — 2 — dd - 50 1704 | 338+

MOTE: THIS IS THE CALCULATED TEMPERATURE MEASURED AT THE HOTTEST POINT OM THE
BEARING SURFACE WHICH 1S SAFE FOR CONTINUOUS OPERATION, DAMAGE TO THE
BEARING SURFACE WILL NORMALLY NOT OCCUR UNTIL TEMPERATURES AT LEAST 30°C
(54°F) HIGHER THAN THESE VALUES ARE REACHED. IN THE CASE OF THE COPPER
BASE ALLOYS h:mmmﬁmo:m LUBRICANT OIL WHICH MAY
OCCUR AT TEMPERATURES IN EXCESS OF 70°C (338°F) RATHER THAN A MATERIAL

LIMITATION,
Properties of Typical Turbomachinery Bearing Alloys.
rt/s
e - e =2 e = =
3
o 2o
==
30 2ee
120 24
- /,a 3
£ ao Q/ > _ —
-
s~ 3¢ o

s
)
&
\
\
'
\
F

E 22 .
3 -
g ~= =/, = —
so '{; e
= <
3 w° -
3
so e

20 3o - so =) =S
MEAN COLLAR SPEED MYS

BACKED PAD ——
mmﬂo —_————— —

Comparison of Thrust Pad Susrface Temperatures
with Steel and Copper Backed Thrust Pads. 8 Pad Thrust Bear-
ing I24mm (S5 in) Outside Dia. Specific Load € MN/m* (571
b /in=). Oil Flows as Stated. Oil Viscosity 42 cSt at S0°C (340
SSU at 100°F).

VoY
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Solution Possible cause

code
Lubrication problam

1 Insufficient lubricant — too litile grease, or too low
ail level

2 Excessive lubnicant — too much grease without the
ability to purge or oil level too high

3 Wrong type of lubricant — wrong consistency, wrong
viscosity, wrong additives

& Wrong lubrication system
Sealing conditions

5 Housing seals too tight, or other components foul
the seals

& Multiple seals in a bearing (housing) arrangement

7 Misalignment of the external (housing) seals

8 Operating speed too high for the contact seals in a
bearing

9 Seals not properly lubricated

10 Seals oriented in the wrong direction
Insufficient clearance in operation

11 Wrong choice of initial bearing mternal clearance

12 Shaft material expanding miore than bearing steal
{e.g. stainless steel)

13 Large temperature difference between the shaft
and housing [housing much cooler than the shaft)

14 Excessive drive=up on a tapered seat

15 Excessive out=of-round condition of the shaft or
housing — beanng pinched in an oval housing

14 Excessive shaft interference fit or oversized shaft
sedt diameter

17 Excessive housing interference fit or undersized
housing seat diameter
Improper bearing loading

18 Too heavily loaded bearings as a result of changing
application parameters

19 Offset misalignment of two units

20 Angular misalignment of two units

21 Bearing installed backwards

22 Umnbalanced or out=of=balance condition

23 Wrong bearing located

24 Excessive thrust loads induced

25 Insufficient load

26 Excessive preload

36 45 515 ol

Solution Possible cause

code
Metal-to-metal contact

1 Imsufficient lubricant

3 il film too thim for the operating conditions

25 Rolling elements sliding (skidding)
Contamination

27 Dents in raceways and/or rolling elements dus to
ingress and over-rolling of salid contaminants

28 Solid particles left in the housing from
manufacturing ar previous bearing failures

29 Liquid contaminants reducing the lubricant viscosity
Too loose fits

30 Inner ring creeping (turning) on the shaft

el Duter ring creeping {turning) in the housing

32 Bearing lock nut loose on the shaft or on the bearing
sleawe

i3 Bearing not clamped securely against mating
COmpanents

34 Excessive radialfaxial internal clearance in the
bearing

Surface damage
1. 2.3, & Woear from ineffective lubrication

25 Smearnng damage due to sliding ralling elements

27 Dents in raceways and/for rolling elements due to
owver-rolling of solid contaminants

35 Dents in raceways and/for rolling elements from
impact or shock loading

36 False brinelling marks on raceways and/or ralling
elements due ko static vibration

T Spalls in raceways and/or rolling elements due to
material fatigue

38 Spalls in raceways and/or rolling elements due to
surface initiated damage

39 Static etching on raceways andfor relling elements
due to chemicalfliguid contaminants

40 [Micro) Spalls on receways and/or rolling elements
due to moisture or damaging electric current

41 Fluting in raceways andfor rolling elements dus to
passage of damaging electric current
Rubbing

7 Housing seals installed incorrectly

32 Adapter or withdrawal sleeve not properly damped

i3 Spacer rings not properly clamped

&2 Lock washer tabs bent
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Symptom: C. Excessive vibration levels

Solution Possible cause

code
Metal-to-metal contact

25 Ralling elements sliding (skidding)
Contamination

27 Dented raceways and/or roling elements dus
to ingress and aver-ralling of solid contzminants

28 Solid particles left in the housing from
manufacturing or previous bearing failures
Too loose fits

30 Inner ring creeping (turning) an the shaft

3 Quter ring creeping (turning) in the housing
Surface damage

1.2.3.& Wear from ineffective lubrication

25 Smearing damage due to sliding rolling elements

27 Dents in raceways and/or rolling elemeants due to
over-rolling of solid contaminants

35 Dents in raceways and/or rolling elements from
impact or shock loading

36 Falze brinelling marks on raceways and/or rolling
elements due to static vibration

37 Spalls in raceways and/for rolling elements due to
material fatigue

38 Spalls in raceways and/or rolling elements due to
surface initiated damage

39 Static etching on raceways andfor rolling elsments
due to chemical/liguid contaminants

&0 (Micro) Spalls on raceways and/or rolling elements
due to moisture or damaging electric current

1 Fluting in raceways and/or ralling elements due to

passage of damaging elecinic current

297005l g &5 > ]S

Symptom: D. Excessive shaft movement

Solution Possible cause

code
Looseness

30 Inmier ring Ioose on the shaft

£l Duter ring excessively lagse in the housing

33 Beanng not properly clamped on the shaft or m the
housing
Surface damage .

1,23, & Wearfrom ineffactive lubrication

37 Spalls in raceways and/for rolling elements due to
fatigue

38 Spalls in raceways and/for rolling elements dus
to surface initiated damage
Incorrect internal bearing clearance

11 Bearing with wrong clearance installed

3 Bearing nat properly clzmped on the shaft or i the

www.cargeek.ir
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Symptom: E. Excessive frictional moment to rotate the

shaft

Solution Pessible cause

code
Preloaded bearing

11 Wrang clearance selected for the replacement
bearing

12 Shaft material expanding more than bearing steel
(e.g. stainless steel)

13 Large temperature difference between the shaft and
housing

14 Excessive drive=up on a tapered seat

15 Excessive out-of-round condition of the shaft or
housing — pinched bearing

14,17 Excessive shaft and/or housing interference fits

26 Excessive preload — incorrect assembly (preload)
Sealing drag

5 Housing seals too tight, or other components foul
the seals

[ Multiple seals in a bearing (housing) arrangement

7 Misalignment of external (housing) seals

9 Seals not properly lubricated
Surface damage

37 Spalls in raceways and/or rolling elements due to
fatigue

38 Spalls in raceways and/or rolling elements due to
surface initiated damage

41 Fluting in raceways and/or rolling elements due to
passage of damaging electric current
Design

43 Shaft and/or housing shoulders out-of-square with
the bearing seat

44 Shaft shoulder is too large, fouling the seals/shields

Bearing life and failure

9.5% replaced for
preventive
reasons

0,5% replaced because of
failures

20% outlive their
machines
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B Load zone (= 150°)

" Will enter the load zone during rotation
" Clearance in the bearing, unload zone e
B Load (shaft) and load distribution (housing) v = © ¢

Load distribution Path patterns
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Load distribution Path patterns

Load distribution Path patterns

Load distribution Path patterns

Load distribution Path patterns
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Figure 2.9: Six pole actuator.
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