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Electrostatic monitoring of gearbox’s lubricating oil system

LI Xin, ZUO Hong-fu, CAI Jing

(School of Civil Aviation, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, Jiangsu, China)

Abstract: The lubricating oil electrostatic monitoring system that was built by a new type 3 499.5 kW
gearbox test rig for the wear condition monitoring of gearbox in ground test, was used to
complete the full flow abrasive particle electrostatic monitoring test for the lubricating oil systems
of gearboxes. The original electrostatic signals were obtained from continuous loading test and
accelerated life test. The root-mean-square values of time-domain signals were extracted as the
characteristic parameters to represent the particle charging situation in the lubricating oil. The
variation tendency of electrostatic signals were analyzed at two test stages respectively and
compared with MetalSCAN online monitoring data and the offline result of oil sample spectrum
analysis for validation. Analysis result shows that at the continuous loading test stage, the
lubricating oil electrostatic signal fluctuates slightly with the change of rotational speed. At
accelerated life test stage, the electrostatic signals of gearboxes synchronously change with the
torque in a single cycle test. The abnormal wear of gearbox 2 is detected at the ultimate load test
stage of the eighth cycle in accelerated life test, while gearbox 1 operates normally, which is in
accord with the results of MetalSCAN monitoring and the spectrum analysis. The fatigue crack of

coupling diaphragm and the gear tooth root pitting of high-speed output shaft in gearbox 2 are
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found in disassemble gearbox fault detection. This proves electrostatic monitoring method is

feasible and effective in wear condition monitoring of the gearbox and establishes the foundation

for further implement of gearbox life prediction and installed online monitoring of the actual wind

field. 1 tab, 22 figs, 26 refs.

Key words: gearbox; lubricating oil system; electrostatic monitoring; characteristic parameter;

accelerated life test
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Fig.1 Electrostatic monitoring principle
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Test bench of electrostatic monitoring
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Fig. 3 Sensing principle of electrostatic sensor
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Fig. 4 Structure of annular oil-line electrostatic sensor

P A2 S 19 A A P DL 5L R Gy Ol
TROR i 9 S Bt FL 25 € D 006 [m] 3% 1) 25 200 5 R,
DR R i 9 Bt Fi B 5 R, g i [ g% ) 45 A5 bt B 5
Q RV L AR 5 00 Ry TR A8 B DA HRL T 5 e R CR



B BT R A i

%28 F
[
e
1
R,
I?ﬁi%&
o =] = s

P05 i o A A S O v
Fig.5 Equivalent measurement circuit of oil-line
electrostatic sensor
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Fig. 6 Installation location of oil-line electrostatic sensor
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Fig. 11 Parameters of continuous loading test
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Fig. 12 Electrostatic monitoring RMS values of

gearbox 1 at different rotational speeds
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Fig. 13 Parameters of accelerated life test
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Tab. 1 Specific parameters
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Fig. 14 Electrostatic monitoring RMS values of

gearbox 1 in a single cycle of accelerated life test
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Fig. 15 Electrostatic monitoring RMS values of gearbox 2 in

a single cycle of accelerated life test
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Fig. 17 Electrostatic RMS variation tendency of

gearbox 1 in 1-9 test cycles
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