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A Study on the Vibration Analysis of Multi-components Damaged Ball
Bearing under Radial Load

(Part 1; Time Domain Analysis of Multi-components Damaged Vibration Signal)

Y. J. Kim, H. J. Jeon

Abstract

In this paper an experimental review of condition monitoring method using time domain
vibration signals and statically measured wave forms of a multi~components damaged balil
bearing is presented first time. Many investigators studied already about vibration charac-
teristics of a single point damaged ball bearing but they did not make efforts to verify
vibration phenomena of a multi-components damaged one. Even in case of a tripple comp-
onents damaged (i.e, outer race, inner race and rolling element) one, the high frequency
resonance technique (HFRT) and the displacement time domain technigue can be also used
for its fault detection. According to experimental results undertaken a static displacement
measuring method, the defect locations of components can be proposed confidently with

simple calculation of the rotating angles of each component.
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Table 1. Specification of measuring equipment

Name Maker Specification
Amplifier B&K 5719, 30KHz
Amplifier Vibrometer VMS 801, 2ch.
Accelerometer B&K 4370, piezo
Proximeter Vibrometer TO 103, 8 mv/um
Band-pass filter B&K 1621, BW 3%, 23%
FFT analyzer Ono Sokki CF-300, 20 KHz
Video printer ” VP 55, hard copy
Oscilloscope Kikusui 5516ST, store
Scope camera Tektronix C-5B, 0.1 ms
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Table 2. Dimension of 6206 bearing

Nomenclature l Symbol ‘ Is)iioxﬁen_
Ball Dia. d : 9.52 mm
Inner raceway groove radius ri [ 5.09 mm
Outer raceway groove radius ro } 5.2 mm
Inner groove curvature center Di 47.3 mm
Outer groove curvature center Do ‘ 45.4 mm
Ball pitch Dia. . D' 46.6 mm
Number of ball Lz K
Radial clearance | Cd |40 wm
Bearing width B 1 16 mm
Sectional area of inner race Ai l 71 inm?
Sectional area of outer race Ao | 64. 7 mm?
Damping factor C \ 0. 00294
: N.S/um
Young’s modulus i E “ i4}£gx/
| cm?
Sctional moment of inertia [ 98 mm*
Poisson’s ratio | v " 0.25
Proximity
transducer
Bearing Deformcltio’n
of outer ring
housing sin 0_2,_
D : Quter ring
diameter
f P
Fig. 3. Installation of displacement transducer.
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Fig.4. Vibration response of test rig.
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Table. 3. Vibration responses of each resonance components

Defect | (S}{p;f/}i) ! Vib. response (m.sec™2) i
Outer race 1015 [ 500 Hz-2.3, 1600 Hz;ﬁ’a. 6, 5300 Hz-1.4 -
1800 | 1600 Hz-1.4, 2500 Hz-1.0, 5600 Hz-1.8, 8900 Hz-3.7, 10900 Hz-1.6,
14800 Hz-3.1, 16100 Hz-2.6
Inner race 1015 | 1600 Hz-2.3, 3400 Hz-0. 7, 5600 Hz-5.7, 7700Hz-0.6
1800 } 1600 Hz-2.4, 3400 Hz-3.1, 5600 Hz-25.1, 7700 Hz-1.7
Ball 1015 | 1600 Hz-1.5. 5500 Hz-2.3, 7700 Hz-0.3

1800 J‘ 1600 Hz-0.7, 5500 Hz-4.9, 7700 Hz-1.4, 9600 Hz~0.8
|

Outer-inner race 1015 | 1700 Hz-1.0, 2200 Hz-1.2, 3400 Hz-0.9, 5600 Hz-4.7, 7700 Hz-2.0

1800 l 1700 Hz-4.3, 2200 Hz-3.1, 3400 Hz-22.3, 7700 Hz-6.5

Outer racoball 1015 | 1300 Hz-0.9, Hz-1.0, 5700 Hz-3.0

1800 | 1500 Hz-3.4, 2400 Hz-2.8, 5700 Hz-7.5

Inmer raceball 1015 | 1600 Hz-2.4, 3400 Hz-1.6, 5500 Hz-22.6, 7800 Hz-4.1

1800 ’ 1700 Hz-2.3, 3300 Hz-1.1, 5500 Hz-30.8, 7800 Hz-1.5

5500 Hz-0.2

w

New one (No defects) 1015 I 1300 Hz-0.

1800 | 1200-0.5, 5700 Hz-0.3

Table. 4. Selected center frequency of varying defects

Center

" Speed : Band

Defect position (I!{)SM) Resonance (Hz) }(rf{;) width(%)

[=4 = ¢ ‘E f) (7;

Good bearing 1015 1300, 5500 ) 5500 B 239 B
1800 | 1200, 5700 | 5700 ] ”
Outer race 1015 [ 500, 1600, 5500 { 5500”]_" "
1800 | 5600, 8900, 10900, 14800, 16100 ] 8900 ‘ ”
Inner race 1015 | 1600, 3400, 5600, 7700 | 5600 | v

1800 ] 1600, 3400, 3600, 7700 | 5600 y ”

Pall 1015 | 1600, 3400, 5500, 7700 | 5500 L .
1800 | 1600, 5500, 7700, 5500, | 1960 } »
s Ve w )
Outer-inmer 1015 | 1700, 2200, 3400, 5600, 7700 - 5600 | )
race | 1800 | 1700, 2200, 3400, 5600, 7700 | 5600 | ’

n 4 |

Outer racepar| 1015 | 1300, 2500, 5700 [ s0 j v
| 1800 | 1500, 2400, 5700 | 5700 | "

Inner raceball" 1015 I 1600, 3400, 5500, 7800 L l 5500 I /;.
s 1800 | 1700, 3300, 3500, 7800 ’ 5500 ' ,
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Vib. signal
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l

Diagnosis

Fig.5. Diagnosis procedure using time domain

signal analysis.
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Table.5. Defect frequency components of Acc. signal (6206)
( 1015RPM 1800RPM
Defect ;
I Calculated Experimental Calculated i Experimental
Outer race 16.5 msec 16. 5 msec 9. 3 msec 9.5 mesc
(60.5 Hz) (60.6 Hz) | (107.4 Hz) (105 Hz)
Inner race i 10. 9 msec 11 msec 6.2 msec 6. 3 msec
e (91.7 Hz) (90.9 Hz) (162. 6 Hz) (158.7 Hz)
Ball ) 12,6 msec 12.7 msec 7 7.1 msec ] 7.5 msec
b (79.2 H2) (78 7 Hz) (140.5Hz) | (133.3 Hz)
Outer—inner race 16.5 msec 5 msec 9.3 msec l 9. 3 msec
ol 10.9msec | 10.9 msec | 6.2 msec | 6.1msec
Outer race-ball 16. 5 msec 16.5 msec 9.3 msec ] 9. 3 msec
12.6 msec 12. 6 msec 7.1msec | 7.1 msec
Inner racc-ball 10. 9 msec 11 msec 3 6.2 msec | 6. 3 msec
12.6 msec 12.2 msec 7.1 msec 7.5 msec
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Fig.6:1. Time domain Vib. signals of a single point damaged ball bearing.
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Fig.6-2. Time domain signals of a double points damaged ball bearing.
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Fig.7. Time domain Vib. signals of multi-com-
ponents damaged bearing.
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Fig.8. Static displacement of multi-components
damaged ball bearing (180kg load).
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Table. 6. Defect frequency components of Disp. signal(6206)

1015PRM 1800RPM
Defect
Calculated Experimental Calulated Experimental
Outer race 16.5 msec 16.5 msec 9.3 msec 9.5 msec
(60.5 Hz) (60.6 Hz) (107. 4 Hz) (105.3 Hz)
Inner race 10. 9 msec 11 msec 6.2 msec 6.2 msec
(91.7 Hz) (90.9 Hz) (162.6 Hz) (162 Hz)
Ball 12.6 msec 12.5 msec 7.1 msec 7.0 msec
(79.2 Hz) (80 Hz) (140.5 Hz) (142.9 Hz)
Outer—inner race 16.5 msec 16.5 msec 9.3 msec 9.2 msec
10.9 msec 11 msec 6.2 msec 6.2 msec
Outer race-ball 16.5 msec 16. 5 msec 9.3 msec 9.3 msec
12.6 msec 12.5 msec 7.1 msec 7.1 msec
Inner raceball 10.1 msec 10.1 msec 6.2 msec 6.1 msec
12.6 msec 12.6 msec 7.1 msec 7.1 msec

Table.7. Frequency difference of experi-
mental/calculated values
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