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Electromagnetic Nondestructive Detection for Monitoring the Damage Progress of Ball Bearings
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This study evaluates the outer race defect size of ball bearings in the accelerated life test by analyzing the
signal of electromagnetic sensor. The electromagnetic sensor consists of a permanent magnet and a pickup coil.
When a conductor passes in the static magnetic field, the generated eddy current is detected as the change of the
magnetic field. The autocorrelation method is applied for sizing defects in the early phase of the damage
progress and the RMS method is developed for bigger defects. With those methods, the damage progress is

visualized and the characteristic of it is revealed as almost linear.
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Fig.1 Principle of Electromagnetic Detection
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Fig.2 Accelerated aging test machine and sensor placement
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Fig.3 EM(Electromagnetic) sensor and details of test conditions
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Fig.4 Electromagnetic sensor RMS (Test No.1)
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(b) at the end of the test
Fig.5 Defects of outer race (Test No.1)
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Fig.7 Image of autocorrelation method

Fig.8 |Z7BANo.1 OREBALA 67 43 & 75 HOH L
FHEA S TG BBl v 9, HOAY 1 & H A OFRFEZE
EHHBEWAD Z LN TE, HLIMEHEBRIC TELTH
BElCOWT S HOCHBEENREHATE D L0
Tro ASERBR CLIWHEAIR R AR & BRBRIE T LS D
EEOBERIIRHTH A0, KRR OHEEIED
BRI DL TERny, Wicky, BE
FRSETEO ALY O & H IR L2 RRED S B
NoHEE. BOESEZEMICHETEDS LV I/RR
DELNTEY ., ZNERILICERROSMRER S
OHEMAERD ., BEOERBEMEAZAGNCT D,

67min

0.006 0.007

R S o N
R FooeTe e Foonooomeee

0.003 0.004 0.005

DelayTime[sec]

0.002

047550 0.001 0.006

Fig.8 (Test No.1) Autocorrelation method
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Fig.9 Evaluated damage progress
by autocorrelation method (test No.1)

3.4 RMS IZ & 215D & S HEE-RMS %

H ML B0 cHRTH S, 8
ERRESER LSS, BAXRETHS, LV
RERAT—)VOBEBOWHTEEE LT, SMiED
B EREECH O RMS ORI L W E0ERE > #HE
T2FE RMSIE) 28R LU, SMREo B4 EK
Beix, Mmoo 1 R EREES BB T 5 EEE ThH
V. SMRICEDRFAE LIS, GEMEN G 2 smiEd
HECIREINRATHZ LIck 0, Z OB
NRxL 725,

3.4. 1 BEDOIRE

BDOR I HRBMARM O BEREZ R T4z &
Y&, Fig10 ERIRTHRICEONERIAIE T 55
BNARIINER O EERICE > T O 1 H & L84 5,
—FH EORE SN T EEEER O IEREC % LV EEA
Fig.10 TRIOERIZ, EONERIIOLE T D EREIEDE
EEIC1IETH B,

SMIR G TUCEEM AR L7254, % OEENRIE
SN & OBEREREARBA T B0, HEEZITHE
BB D, EOMBE., OB L S HE O
S DF O /S0, M OERBNEIC R4y 72 T E N
DEIIRD, ZDX DRGSR OEBIEEMED
A BB B2 52 5bDEEZ BN,
2T, RSP ICHRENR D B 5 R BE & FEV REE D R
DB, SMREOBEE BN ERE CRLD LEZ
LB,

LU, BOR XS T EEREAR O IRk % L
WAL, BNENCEIZ 1 S OBRENMERN LB A 4E
2720, e s LCRIEZSADIEINTRITEE
TAHENTFREND, fto THEITRAIZ S HIE D E
BRI T2 FIC e B,

Z ORGSR, BOR S BT EREMER O
PREEIC S LWRRS, SMRE O B B EE RMS 13
Wi/ MEZ & %5, RFRBRIZEER LT 2805 1204 08
A BORESNI IhomRINChES, £
7o, BORIDED 60° 12 BAIT OV T,
B EICHFET AEmEBVENEIZ 2 o1Ic 252 L1t kb
M/NMEDSHIL, LTRERRICEDOR 53 30° i
WA T EICHEBEOREBNEIALDLEEZ NS,

| EoESA NS B IEBROLEC LY. |
ORI EET SEBHEOBINEHT 5. |

11E Ofd

BORSATERBEOMOEIICETSE,
MEORIZMEY DERENMADH L -—E (1E) 1245,

Fig.10 Relation between the length of the outer race
defect and the location of rotation elements
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Fig.11 RMS of the outer race defect frequency
(test No.1, bandpass 190-195Hz)
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(c) Test No 4

Fig.12 RMS of the outer race defect frequency and Pictures after the test (190-195Hz)
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Fig.13 Evaluated damage progress
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Fig.14 Load and damage progress speed
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