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Abstract — This paper reviews studies on the types and functions of oil sensors used for machine condition mon-
itoring. Machine condition monitoring is essential for maintaining the reliability of machines and can help avoid cat-
astrophic failures while ensuring the safety and longevity of operation. Machine condition monitoring involves
several components, such as compliance monitoring, structural monitoring, thermography, non-destructive testing,
and noise and vibration monitoring. Real-time monitoring with oil analysis is also utilized in various industries, such
as manufacturing, aerospace, and power plants. The three main methods of oil analysis are off-line, in-line, and on-
line techniques. The on-line method is the most popular among these three because it reduces human error during
oil sampling, prevents incipient machine failure, reduces the total maintenance cost, and does not need complicated
setup or skilled analysts. This method has two advantages over the other two monitoring methods. First, fault con-
ditions can be noticed at the early stages via detection of wear particles using wear particle sensors; therefore, it pro-
vides early warning in the failure process. Second, it is convenient and effective for diagnosing data regardless of
the measurement time. Real-time condition monitoring with oil analysis uses various oil sensors to diagnose the
machine and oil statuses; further, integrated oil sensors can be used to measure several properties simultaneously.

(© Korean Tribology Society 2020. This is an open access article distributed under the
@ @ terms of the Creative Commons Attribution License(CC BY, https://creativecommons.org/
licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction of the work
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Fig. 1. Machine condition monitoring.
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2-3-1. 02Xt MM (wear debris sensor)
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Table 1. Wear debris sensors [14]
Monitoring method classification Specific sensor ~ Material detected Detection range Advantage
Magnetic collection Gill sensors Ferrous debris NA Clea}rli;é) é}erré?ll;;pﬁbrls,
Differentiate ferrous and
Ferrous and

3-D solenoid structure MetalSCAN sensor

100-3360 um  non-ferrous debris, high

Induction non-ferrous debris throughput
Differentiate ferrous and
2-layer planar coil Inductive pulse Ferrous and 20-1000 non-ferrous debris, Detect
structure sensor non-ferrous debris um individual wear debris
particles
. . Bulk capacitance . . .
Dielectric constant sensor Metallic debris NA High throughput
Capacitance Miorofluidi
Lerotiuicic Metallic debris 10-40 pm High sensitivity
capacitance sensor
. Acoustic amplitude Ultrasonic oil Solid debris, air Detect solid debris and
Ultrasonic change debris sensor bubble 170-1000 pm air bubbles
Integrated Metallic debris, Differentiate ferrous, non-
ultrasonic-inductive ceramic, air 50-310 pm ferrous, solid debris and
Optical pulse sensor bubble air bubbles
Wear debris Active pixel sensor  Solid debris 5-160 pm Detect debris pan}cle
morphology shape and material
Monitoring method classification Specific sensor Disadvantage

Magnetic collection Gill sensors

Cannot detect individual debris particles and non-ferrous
debris particles

Ferrous and non-

Induction 3-D solenoid structure .
ferrous debris

Low sensitivity, may identify multiple debris particles as
one large debris particle due to large sensing zone

2-layer planar coil ~ Ferrous and non-
structure ferrous debris

Low throughput

. . Bulk capacitance
Dielectric constant P

Low sensitivity, water influence, large sensing zone

. sensor
Capacitance Microflidi
(erofiuidic Extremely low throughput, water influence
capacitance sensor
. Acoustic amplitude Ultrasonic oil Complicated structure, cannot differentiate metallic and non-
Ultrasonic . . .
change debris sensor metallic debris
Integrated
ultrasonic-inductive Low throughput, complicated flow recess structure
Optical pulse sensor
Wear debris Active pixel sensor Low throughput, complicated system, affected by oil
morphology

transparency
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Fig. 8. Ferrous wear debris sensor of Gill sensor.
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7_(:']_%.—5—]_7] oﬁ%ﬂ,[50_52] Q_E_oﬂ Schaefﬂer oﬂ/ﬂ 1\“4—’: (Viscosity (tuning fork) / Density / (i

Dielectric constants / Temp.) Dielectric constants / Temp.)
o] =8 3} 0l % =R =] : =2 =
T kel E]:’ U]_]j 1 ]_’ _9_1:, E—I“I‘E(Opaclty)—‘ =

A 7hsE A s Fig 139 7o) 2A9)A ‘ *

(near-infrared) *F-& o|-&-slo] 12]2e]] oJal] BRAlE]=

AL AE7] (detector)= =4 3l= vialo|t}, o] WIS RMF Sensor Ulfa Sensor
Relative humidity/ Temp. / (

|23l B2 EAS 7he 0 olBo] gish o] ojdw O Contaminationy oxidation Temp)

TS Al ] §x]e TSt 53-54]. Fig. 14. Integrated oil sensors.

Table 2. Specification of integrated oil sensors
RMF

Oil sensor model IFM Contamination TE Hydac Ulfa
LDH 100 . FPS 2800 HLB 1400 Oil-Mon sensor
monitoring sensor 2
Working Temp. —20°C~120°C —40°C~120°C —40°C~150°C -25°C~100°C —20°C~85°C
Working pressure Max. 50 bar Max. 20 bar Max. 25 bar Max. 50 bar Max. 10 bar
N Temp: £3°C,
== . .1
Relj':l ZI:S huilf{l . Temp: +0.1°C, Relative humidity: ~ Temp: +3°C,
Temp: £2°C, 3% ty: Density: +1%, +3%, Relative
. o, . P + 0, . e o
Errors l?e.latlve Contamination: 0.5 YISCOS.ll’y. 2%, Ele.ct.rlcal humldlt}{. 1.3 %,
humidity: +3% code Dielectric constant: conductivity: 5%, Contamination:
o . . ’ N
for 4, 6, 14 um +1% Dielectric constant: 0.02 ppm
+5%
Temperature, Temperature
Temperature, Temperature, Temperature, Density, Relative humidity, P e
.. . . .l . . . Relative humidity,
Measuring items Relative Relative humidity,  Absolute viscosity, Electrical .
L L . . . . Contamination,
humidity Contamination Dielectric constant conductivity, Oxidation

Dielectric constant
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