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Method for oil-line debris electrostatic monitoring of

bearing steel sliding friction pairs
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Abstract: In order to meet the requirements of condition monitoring of oil system com-
ponent deterioration at an early stage, an oil-line debris electrostatic sensor has been used to
investigate real time and in-line wear monitoring in oil lubricated sliding contacts of bearing
steel. The charging mechanism of oil lubricated metallic debris was researched and electro-
static monitoring system was designed. The wear experiments were divided into different
loads and speeds, and then the friction coefficient, oilline debris electrostatic signal, and
electrostatic signal root mean square (RMS) were obtained and correlatively analyzed. The
results show: (1) the oil-line debris electrostatic method and friction coefficient can consist-
ently detect adhesive wear; (2) the electrostatic monitoring method can detect the abnormal
signal before adhesion; (3) in the normal wear stage, the friction coefficient increases with
the load reduction, and reduces with the speed increase; (4) in the severe wear stage, the

RMS of electrostatic signal pulse peak first increase, and then reduces with the load in-
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crease, and reduces with the speed increase.

Key words: engine condition monitoring; GCrl5 bearing steel; oil-line;

charging debris; electrostatics; wear

. . [15]

’ ‘ ’ ) GCrl5
( s
. [ . [2])
( [3] . [4]). 1
; 1.1
7 i 1 , MMW-
125 pm 250 pm 1A
[57] Powrie F100-PW-100 (@)
oilline sensor (OLS) (10) (2
, R ’ (5)
20 pm'**), 1 (2)
, i 4 (5
, . , 9,
( (6) ’
) , [1,10] ,
(7). (8)
(3)
F-35 , L-HM46.
(

i

(M Morris (121

s ’ 1
[13*14] Fig. 1 Experiment setup

pw = M/(R X P)
o M ) N « mm, R

b



1098 27
mm, P , N. 30min , SZ6100
1.2

»<<0. 6 MPa,
qv<<20L/min, t  20~60C 60~ 2
140 °C. s s
p=0.3MPa,q, =15 L/min, 10 mm,
70%
[16] e
500mm , Re — . 9(1(/r15
759. 7, m=3.183m/s, GCrl5 ’
2300, . 1 ’
AY ’ 2
1 N [17]
Table 1 Parameters of pin and disc ’
1%0 ’
/ R./ / ,
mm pm  HRC R
1.01%C; ’
1.50%Cr; s )
0. SO%Mn; [} ’
GCrl5 $6 0.04 60
0.25%Si; ,
<0.02%S; s
<0.027%P , (16187 Rabi-
1.01%C; nowicz
1.50%Cr; 120;1m.
0.30% Mn;
GCrl5 $80X8 0.4 10 ’ ’
0.25%Si;
<0.02%S; 9
<0.027%P '
:R,
2 5
Table 2 Experiment parameters ’ ’
( )
P/N v/(m/s)
far L, B
1 40,60,80,100 3 ‘*-_. et b g
2 100 2,2.5.3
I TR 2 / 5YES
) ;P=100N,p=3m/s
1 2.
GCrl5 800 5
’ 1600 ’ Fig. 2 Principle of charged wear debris formed
30min, 90°C 60min,
GCrl5 . L-HM46

’ ) 10 min

b



1099
, AR B
AN T b2
) N ~ '!i__ — // —
, 0 J WAL
( [T i 4
’ 0LS1 |« L > OLS2
o , . [t imsmngg]  [f i
3 )

IEEI T

| AL |
| | |
[ | | mwdie || BROER

4
3

Fig. 3 Wear debris charging sources

electrostatic monitoring

Fig. 4 System of oil-line wear debris
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Fig. 5 Oilline debris electrostatic monitoring sensor
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Table 3 The experiments data

P/N v/ u Tis Ti/s Runa/ Rume/ Ruwe/
(m/s) mV mV mV
40 3.0 0.272 742 11.5 0.031 0.028 0.030
60 3.0 0.250 70 6.1 0.076 0.048 0.062
80 3.0 0.191 24 2.8 0.055 0.109 0.082
100 3.0 0.175 2 1.0 0.008 0.004 0.006
100 2.5 0.183 10 1.0 0.012 0.014 0.013
100 2.0 0.271 142 1.0 0.022 0.015 0.019
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Fig. 13 Micrograph of the pin worn surface
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