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Abstract - In rotating machinery, automobiles and
aerospace, rolling element ball bearing are common in
rotating machine. For friction less and continuous running
bearing is lubricated with grease and oil. Greases are
contaminated with various solid and liquid particles. This is
one of the main reason for bearing failure, here we analyze
and study the effect of liquid contaminant in lubrication
through vibration, shock pulse and temperature
measurement. Water is contaminated/ entrapped in greases
due to rain, human error, experiment etc. The ability of a
lubricating grease to withstand, reject or absorb water is
different for different greases. Hence we investigate the
effect of liquid contamination with salt at different forms in
lubricant and its behavior on ball bearings. The
experimental test has to be performed on 6206 SKF deep
groove ball bearings and the trends in the amount of
vibration, shock pulse and temperature affected by the
contamination of the grease determined. Vibration were
analyzed with respect to root mean square (RMS) values of
amplitude in terms of velocity, shock pulse in term of pulse
per second, temperature in term of °C and what is effect of
contaminants on the performance of ball bearing,
determined.

Key Words: 6206 deep groove ball bearing, liquid
contamination, greases, vibration, shock pulse and
temperature.

1. INTRODUCTION

Lubrication in rolling bearing is essential for low friction,
proper operation and long life of machine element used in
automobiles, aerospace like airplane, aircraft and ship etc.
The bearing works properly, it is required maintenance
strategies. In bearing operation three maintenance
strategies is used-1. Run to break, 2. Preventive
maintenance, 3.Condition based maintenance. In order to
obtain the greatest effectiveness of the bearing in the
operation, condition-based maintenance methods are
being widely used. Detection of the probable faults when
they are at early stages can prevent the failure and
consequently, extra imposed costs. Condition Monitoring
(CM) monitors the current condition and predicts the

future condition of bearing while in operation. The most
common and reliable techniques for obtaining information
about internal conditions are vibration, debris, shock
pulse and lubricant analyses.  Vibration measurement
works on the principal of signals and it’s able to find 90%
of fault machinery by signals processing techniques. If
diagnose the fault at early stage, corrective action can be
applied and increase the machinery life. It gives response
immediately to any change of condition of ball bearing;
therefore vibration monitoring is most widely used. It is
found that 85 to 90 % bearing is lubricated with grease.
Due to continuous running of ball bearing (surface
contact), uneven environment and human error etc.
lubricant greases are contaminated. Contaminants in
grease strongly affect the performance, rated life time and
behavior of ball bearing. Contaminants may be solid or
liquid. Solid contaminant like small particles (56pm, 75
pum, 106 pm) produced noise and mechanical vibration.
These vibrations affect the performance and reduced the
rated life of ball bearing up to 22%. The term inadequate
lubrication may classify in to eight categories- 1.

Overfilling 2. Incorrect grease 3. Incorrect lubrication
system and intervals 4.mixing greases 5.under filling
6.Debris contamination 7.Worn out greases 8.Water
contamination. Water effect on grease can be analyzed
with respect to the fresh grease. Fresh grease is butter
colour and smooth as compared to water grease, which is
milky white in colour.

Fig -1: Fresh grease Fig -2: Water contaminated
Here, we perform the experiment on the liquid
contaminated grease on ball bearing through vibration,
shock pulse and temperature measurement. Water is
entrapped in greases in many forms like sea water,
mineral water and pond water etc. Ball bearing is
lubricated with grease. If greases are contaminated with
liquid particles, it may be possible to presence of
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unwanted (insoluble) constitutes in water, this may affect
the bearing housing and produce additional vibration and
noise. Also affect the shock pulse and temperature
reading. Thus require immediate maintenance action for
continuous running of ball bearing.

2. REQUIRED MATERIALS AND INSTRUMENTS

The experiment has been performed on the workshop
setup, for this purpose some materials are required. With
the help of SPM T30, take the reading of vibration, shock
pulse and temperature of 6206 deep groove ball bearing.
The list of required materials and instrument are given
below-

Water Diesel Pond Salt Tape

Ligrease Cagrease 6206 bearing SPM T30 machine

Dial gauge Wt.M/c

Mixer Air nozzle Laser alignment
Fig -3: Materials and instruments
3. EXPERIMENTAL SETUP

Experiment has been performed on workshop setup. It
uses 6206 deep groove ball bearing and SPM T30 for
reading of parameters. The experimental setup are given
below-

Contaminate
dBearing I‘
|

Fig -4: Experimental Setup
4. SAMPLE PEPARATION

The test sample has been prepared for experiment.
Mineral and pond water with salt at different
concentration level is used in greases for contamination.
Total 14 samples has been prepared, 12 contaminated
grease sample and 2 healthy grease sample. The sample
name and it’s constitute are given in the table-

Mineral water = M, Lithium based grease = L, Pond water
= P, Calcium based grease = CC, Salt = S
Sample no.=1,2,34.....

TABLE-1: Samples constitute and its name

S. Water (% of Saltin% | Grease Sample

No grease in gm) of grease type name

1. Nil L L L

2. Mineral water (20 5 L MS:L

%)

3. Mineral water 10 L MS:L
(20%)

4. Mineral water 15 L MSsL
(20%)

5 Pond water (20%) 5 L PS:L

6. Pond water (20%) 10 L PS2L

7. Pond water (20%) 15 L PSsL

8 Nil Nil C C

9 Mineral water 5 C MSiC
(20%)

10. Mineral water 10 C MS:C
(20%)

11. Mineral water 15 C MSsC
(20%)

12. | Pond water (20%) 5 C PS1C

13. | Pond water (20%) 10 C PS2C

14. | Pond water (20%) 15 C PSsC

5. EXPERIMENTAL DATA

Experimental data are shown below on the table for each
type of test sample. The table included vibration, shock
pulse and temperature reading. In the table-
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VR = Vibration reading in mm/sec. SPR = Shock pulse
reading in pulse/sec. TR = Temperature reading in °C. V =

TABLE-5: Test sample MS;L

Vertical direction. MSB = Motor side bearing. H = S. | VR SPR TR
Horizontal direction. OSB = other side bearing. A = Axial N | MSB CB MSB CB
direction. CB = Contaminated bearing. First reading is o |V H|A|V | H|A|dB|d |[dB|d |MS|C
taken after 5 minute running of experimental setup and m Be | m B. | B B
next four reading is taken in the interval of 1 hours. Lofo p L0 0 |1 11151 32 11 26 | 2
6 1 7 8 4 1 0 5 7
TABLE-2: Test sample L S e I Il Il I R I Rl R
3.10.]0. | 1. (1. |1. |1 |14 |1 27 |1 38 | 4
N | MSB 0SB MSB 0SB 4. 1o Jo. Jo Jo Jo [1.[15]1 [21]1 [40 |4
O | V|IH|A|V | H|A|d d d d M oS 6 17 1919 |84 0 2 8
B |Bc|B |B:.|SB B 5. Jo. 1.0 [1.]o o [12]8 [22]1 [40 |4
m m 8 |18 |3 [7 ]9 4 9
1. | 1. ]0. 0. ]0.|1.[1.]21 |1 23 |1 26 | 26
2 8 9 8 3 1 2 1
TABLE-6: T mple PS;L
2.10.10.10.(10.[0.(10.(120 11 19 |1 33 | 34 6: Test sample PS,
9 7 9 9 8 9 1 0
S. | VR SPR TR
. | 1. . . . . 119 |9 1 1
3 g 0 (6) g g (6) 8 2 36 |36 N MSB CB MSB CB
2 (0 ]o oo Lo 17]1 [19]1 |38 3] ||V |H|A|V | HIA|d |d d Id 2" 0s
7 9|8 |8 |17 2 0 B |B.|B |B.|SB|B
. . . 1. . L1 1 1 7 9 | 4 m m
> g 3 g 0 g (8) 8 0 8 3 0 1. | 0. |0. | 1. [1.]0.[1.]15 |09 25 |1 26 | 27
7 8 |0 0 |8 1 6
2.11.10.]10.]10.|1. 1. |13 |8 21 |1 33 | 36
TABLE-3: Test sample MS;L 117171913 |4 2
3./10./10.]0.]1.10.(0.|12 |1 20 | 1 35 | 39
S. | VR SPR TR 9 6 8 3 9 7 0 5
N | MSB CB MSB CB 4. lo. oo [t |1r]o|1a]7 [18[1 [38 43
oo | V.H|A|V H|A|dB|d |[dB|d [MS|C 9 /71911109 2
m | Be|m |B./B |B s. 1o o Jo[1]o[13]8 [17]1 [39 |44
1. (0. (0. ]0. |1 (0. |1 |18 |1 |23 |1 27 | 2 21916 9|2 |8 1
9 7 9 1 9 2 0 7 7
2.11.]10.10.|1.|1.{0. |16 |1 21 |1 33 | 3 .
ilelolalals 2 4 p TABLE-7: Test sample PS;L
3. (7) g g g g (1) 17 | 9 18 i 36 g S, VR SPR TR
N MSB CB MSB CB
4, 10.10.70.]10.(0.]0.119 |1 19 | 1 37 | 4
5 6 9 8 6 9 2 2 2 oo V.H|A|V | HI|A|d d d d M 0S
5.10.]0 |0 |00 |0 [16 |1 |20 |1 |39 |4 B |B.\B |B)SB B
8 > 7 8 El ’ 0 L 3 1. [ 0. [ 1. ]0.|0.|1.|1. |16 |9 28 |1 27 | 26
9 1 7 8 6 0 8
TABLE-4: Test sample MS;L, 2 (o ]o o 2o 1131 |23[1 |33 |38
6 |7 9 0 6 7 0 2
S. | VR SPR TR 3.t o o[ [1]o 166 [24 |1 [35]43
N | MSB CB MSB CB 11/!816 |4 |5 |09 5
o |V H|A|V H|A|dB|d |dB|d |MS | C 4. |o0. {0 jo o0 |0 |1 ]12|7 [22]1 |38 |47
m Be | m Bc | B B 5191|816 |9 |3 3
L7040 )0 1|1 |0 |18 1 |27 |1 |27 |2 500 (1.0 |1 [1]o0 |14 |8 |24 |1 |40 |47
9 |7 [8 |1 3 |9 0 8 7 812184 13 |5 1
2.10.10.10.|1.|1.|1.]|14 |1 22 |1 32 3
8 6 9 8 3 4 1 5 7
3 0./10.(1.1]0.|1.|1. |16 |5 20 | 1 35 4
9 6 0 8 2 1 0 1
4, (0. (0. (0. [1.[0.(0.[13 |9 21 | 1 38 | 4
6 8 9 0 9 7 4 5
5.10.10.|1. (0. |1. 0. 11 |7 20 | 1 40 | 4
7 8 1 6 2 9 2 5
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TABLE-11: Test sample MS,C

TABLE-8: Test sample PS3L
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TABLE-12: Test sample MS3;C

TABLE-9: Test sample C
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TABLE-13: Test sample PS;C

TABLE-10: Test sample MS;C

] o~ Ne) o o~ o
om N on <+ < <
[~ m Ne) %) n © o
= =0 [N 32} [Se} on ™
o
= Mm — — — — —
2] n o o} o) o
QT /M N N — — N
o
= M — [oc} o) — —
= 8
Nel <+ N o~ on
ﬂMdB — — — — —
< =) =) - =) =)
= =) — =) =) S
/m . . . . .
Q> — — — — —
< — S S S S
== S S S S S
[aa]
= 4k=] . . . . .
> = > S S | S |
Bz — ~ %) < T}
2] e} e} [N — [N
om N on on < <
& m I~ |+ [~ [~ |o
= =0 o~ on on on on
14
= /M — — — [ee] —
/m < o o] o o
(S ---] [\ — — N —
14
= /M — — n ~ —
=3
[ o] ~ <+ Nel N
wni=lvm — — — — —
< S — =) — —
= — =) — =) —
/M . . . . .
Q> — — — =) —
< =) =) =) - =)
o= =) =) =) =) =)
/M
I . . . . .
>|= > S ol S VS NS
) — o~ ™ < 3

| Page 44

| 1S09001:2008 Certified Journal

Impact Factor value: 6.171

© 2017, IRJET



’, International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

IRJET Volume: 04 Issue: 11 | Nov -2017

www.irjet.net

p-ISSN: 2395-0072

TABLE-14: Test sample PS,C

S. | VR SPR TR
N | MSB CB MSB CB
oo |V, ,H|A|V|H | A | d |d d |M | OS
B Bc | B B | SB | B
m m
1. {0.|1.|0. (0. |1 |1. |18 | 8 31 |1 27 | 26
6 |1 |7 19 (210 5
2.10.10.{0.]0.|1.(1. |14 |1 24 |1 33 | 37
7 |8 |6 |8 8|7 0 2
3./0./10.]1.]1.]0. (0. |15 |9 21 |1 35 | 43
8 |7 |1 3197 4
4.10.{0.]0. |1 |1.]0. |12 |7 20 |1 38 | 46
8 |7 191111419 2
5 10. |10 [1. [1.]0. |13 |7 23 |1 39 | 47
7 118 ]1 |2 |8 5
TABLE-15: Test sample PS3C
S. | VR SPR TR
N | MSB CB MSB CB
oo |V, ,H|A|V|H A | d d d | M oS
B Bc | B B | SB | B
1. | 0. | 1. |0 1. |1 |1. |15 |6 33 |1 26 | 27
9 |1 8 |2 |1 ]0 8
2.1 0. (0. ]2 |1. (1. |13 |9 27 |1 33 | 40
1 16 |7 |2 |3 |6 7
3./0.10.{0.]0.|1.(1. |16 |6 |24 |1 34 | 46
6 |9 1918 |3 |1 5
4,10. (0. |1 |1 |0 [0 |13 |7 |26|1 36 | 49
7 16 |1 ]10 (819 6
510.]0.]0. [0 [1.]0.|12 (8 |27 |1 |40 |51
8 191819 (2 |8 5
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Fig -5: Maximum vibration of Li based grease in interval
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Fig -6: Maximum vibration of Ca based grease in interval
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Fig -7: Comparison of max. Vibration b/w diff. sample
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Fig -8: Maximum temp. of Li based grease in interval
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Fig -9: Maximum temp. of Ca based grease in interval
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Fig -10: Comparison of max. shockpulse b/w diff. sample

6. RESULT

Fig -11: Shock pul ding of Li based in interval
ig ock pulse reading of Li based grease in interva 6.1 Vibration

From the experiment, the RMS value of vibration obtained
through SPM T30 in term of velocity. The vibration value
observed in 3 different directions (axial, vertical and
horizontal) on each ball bearing. Table 2 and table 8 show
the vibration reading of contaminated free greases ball
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bearing and other table show the vibration reading of
contaminated greases ball bearing. The explanation of
these reading is given below-

e -Due to presence of liquid contamination in greases,
effect on the vibration reading of bearing is not
noticeable like solid particles (max. 2.2 mm per sec),
but this is sufficient to affect the performance of ball
bearing.

a) Lithium based contaminated bearing reduced the
bearing life up to 23.68%.
b) Calcium based contaminated bearing reduced the
bearing life up to 12.77%.

e -As the contaminant concentration increases, there is
appreciable increment in the vibration value (1.2 to
2.4 for lithium based grease sample and 1.1 to 2.2 for
calcium based grease sample).

e -The value of vibration in first interval increases, after
that decreases. Due to salt dissolved into water and
water is spelled out from the greases (For test sample
8-1.6,2.4,1.6,1.4,1.0 mm/sec).

e -As compared to mineral water, pond water test
sample gave the high vibration reading (in mineral
water sample max. vibration 2.1 and pond water
sample 2.4 mm/sec).

e -Lithium grease viscosity (50 mm?2/sec) is lower than
calcium grease (60 mm?/sec), but vibration reading is
high as compared to calcium grease sample (lithium
grease sample 2.4 and calcium grease sample 2.2
mm?2/sec). Thus we can say that viscosity increases,
vibration decreases.

e -Viscosity also affect the bearing life (Lithium grease
sample reduced performance up to 30.26% and
calcium grease sample reduced performance up to
12.76%).

6.2 Temperature

-When contamination is added to greases, temperature
goes up to 51°C, it’s clearly defined that contamination
effect the bearing temperature and it increases.

-For the entire test sample initial temperature is 26 to 27
°C. When setup is running continuously without
contamination lubricated bearing temperature is increases
up to 27 to 39 °C in given time interval.

-Temperature effect for pond and mineral water is
different for different concentration level of salt and
water. It increases up to 48 to 51 *C (it is negligible).

6.3 Shock pulse

-With increasing the percentage of concentration level of
contamination in greases, normalizing dBm values are
increasing for ball bearing (dBm values increases from 23
to 32 dBn).

-For all test sample dBm and dBc values are decreasing
with given time interval, this is due to homogeneity of
contamination, dissolution and spelling of water particles
(32 to 21 dBn).

-Type of water also affects the reading of dBm (for mineral
water in calcium test sample 31dBn to 33 dBn pond water
test sample).

-The main purpose of shock pulse reading to find the
lubrication condition or presence of contamination. If

a) dBm value in green zone 0 to 20 dBn, bearing in good
condition.

b) dBm value in yellow zone 21 to 34 dBn, crucial
condition.

¢) dBm value in red zone 35 to above dBn, bad condition.

In above data, when added contamination in greases,
shock pulse reading always in yellow zone. This indicates
presence of contamination in bearing.

7. CONCLUSION

Ball bearing was tested in order to study the vibration,
shock pulse and temperature value caused by presence of
contaminant like water and salt in the different greases.
The vibration was analysed in term of its RMS value, shock
pulse in term of pulse per second and temperature in term
of °C. All the result shows a regular pattern in the reading.
With increasing the contamination concentration level in
greases, the value of vibration, shock pulse and
temperature are increases. Different greases shows differ
the reading. Lithium based grease gave the high vibration
reading as compared to calcium grease, but shock pulse
and temperature reading are not differed. Even withvery
low time of test (up to 4 hrs.), significant variation was
observed since the grease loses its property like colour
and performance. Lithium based grease sample reduced
the bearing life up to 23.63%, whereas calcium based
grease sample up to 12.67%. Without contaminated
bearing gives low vibration reading (1.1 mm/sec), SPM
indicate good lubricated bearing (always in green zone)
and temperature probe gives low temperature reading up
to 39°C. When contamination added in lubrication,
vibration (2.4 mm/sec), shock pulse (yellow zone) and
temperature (51°C) increases. Due to continuous running
of bearing in a sample, vibration and shock pulse reading
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goes down after some times and become constant (in 3 to
4 hrs.), due to homogeneity of contamination in greases.
But temperature is increases continuously and become
constant after 4 hours or show less variation (1 to 2 °C).

8. FUTURE WORK

This thesis work can be accelerated or reference for future
work. Following things can be extended on this work-

-By using the Condmaster®Pro software, draw the
vibration graph in time domain and compare with solid
contaminated ball bearing graph (reading).

-Other type of ball bearing can be tested on the workshop
setup.

-Other type of methods like debris wear, stator current can
be applied.

-What is the effect of temperature on ball bearing and
induced thermal stress on ball bearing can be calculated.
-Both, solid and liquid contamination of greases is
considers and finds the result what is effect on
performance of ball bearing.

-Displacement and acceleration parameter of vibration
may be considered for vibration analysis.
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