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Abstract — The engine oil life of internal combustion engine is shorted by the thermal effect and that causes
air pollution. In order to measure the status of engine oil accurately, the exchange of new oil extends the life
of combustion engine and reduces environmental pollution. Capacitance probes, such as engine oil and fluids
can be used to measure the dielectric constant. In this paper, the degradation of engine oil varies depending on
the degree of dielectric properties was analyzed. Depending on the state of the oil, the variant capacitance of
the probe was measured by LCR Meter, respectively, and then the permittivity of oil was calculated. In addition,
according to the size of the probe by measuring the change in capacitance measurement, accuracy of dielectric
constant are presented. According to oil contaminated with the more increase in dielectric constant, we can
decide that contaminated oil is available.

Keywords: Capacitive application(317J-8%), Probe dimension((ZZH 2] 7)), Oil deterioration( 2. ¥ &3},
Complex permittivity(Z2x7-18), Engine oil(172Y)
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(@) Structure

(b) Dimension

Fig. 1. Capacitive probe.

Table 1. Probes with different sizes of inner electrodes and outer
electrodes

Probe a (mm) b (mm) I (mm)
1-1 14 16 17.7
1-2 22 24 17.7

Table 2. Probes which differ only in the sizes of inner electrodes

Probe a (mm) b (mm) 1 (mm)
2-1 14 24 17.7
1-2 22 24 17.7
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(b) Equivalent circuit

(a) Coaxial applicator with
fully filled lossy

Fig. 2. Coaxial applicator with fully filled lossy and equivalent circuit.

2 2 M {RAEE
EHo7 FAH EEEJ FEe Az} 3 FERS] Laplace
equatlon«] 5 Bl ALl e A9 FrE AREshh4).
AAZ 2B} 99 AS] WS -9 Fig. 29k 2th &
Ao] B F789] = g(g5—jg) ©lehs 78k, At A
S5 ek v 2t

_ _(bla) 0
2rwE)E,
_27mEE,
¢ (b/a) ?)
3714 ats TRH ) Ui A=) A7l il biz TR 9|y 1159
AR0IT g3z B7) $9 RO, sz Bl FAEOIL, 5
T, REkS TP G m R 5 ARRS 8 5 9L

AEFE S 00 JhiAE

31 58 Ad

ZRHE YR FRECEHS)T 72 95 (stainless steel) O =
TdE o] Qlvk i FERE o T EE Alelel] o] Afeld
T S U FEEe] o EE B 2 mm 2 A 818l
th A5 34 Ale|2 A8 0 S A8l oF FxE =
g 4 mme] AFTY NE EUTE Fig. 1004 725 48] B
S ER=

2B HHEHS F57317] 93l Delta United Instrument
c0.,LTD A}2] Du-6000 LCR meterS AR5t}

=743k Al e el ARgslr] e A Rl 2 (oil A), OF
19 AE ARgsle] w3A7)7 @ H2 A (oil B Al 2 50%$)
HLY S0%E 41> 2dS #H] 3Gl 27he] el 5
8l 2225 °C) 7194 S E921 LCR meter®] 574 T3l
1 kHz= 313t}

=499 22He] 3
] LCR meter



Ujel713e] ol @ o]

Table 3. Measured capacitance and calculated permittivity
(a) The capacitance related with different dimensions of the inner
and outer probe

=73 a5 Probe COl99)  C0%)  C@l ©9)
1 kHz -1 1550pF  1650pF  17.60 pF
1 kHz 12 2465pF  2588pF  27.14pF

(b) The permittivity related with different capacitance

Probe A& 2) FAEG0%) FAEE 2)
1-1 2.10 2.24 239
12 2.18 2.29 2.40

Table 4. Measured capacitance and calculated permittivity
(a) The capacitance related with different dimensions of the inner
probe and fixed outer probe

=4 7o Pobe  cpf29)  C(0%)  cell 2%
1 kHz 2-1 3.71 pF 3.82 pF 3.95 pF
1 kHz 12 2465pF  2588pF  27.14 pF

(b) The permittivity related with different capacitance

Probe &2  AHEGI%  HEEE 2Y)
2-1 2.03 2.09 2.16
1-2 2.18 2.29 2.40
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Fig. 3. The Relative Graph of Probe(1-1) and Probe (1-2).
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Fig. 4. The Relative Graph of Probe(2-1) and Probe (1-2).
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