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Abstract — The purpose of this study is to develop an engine oil quality monitoring system to warn the abnormal
condition of engine oil. To do this, first of all, it is needed a personal controller development to measure the
capacitance of a pre-developed engine oil deterioration detection sensor integrated with an oil filter. To measure
the capacitance of engine oil in the sensor, it is used the way measuring the electric charging time in a capacitor
by impressing DC volt. This method has merits on cost and signal stability. The measured capacitance is com-
pensated by comparing with the one measured by an impedance analyzer. Also, using the dielectric constant
gained by an impedance analyzer, the calculating equation of the dielectric constant of engine oil related with
the currently developed sensor is decided. Then, the deterioration degree of engine oil is estimated according to
the change rate of dielectric constant between green oil and used oil. Finally, using this dielectric constant infor-
mation together with engine oil temperature and pressure, the currently developed engine oil quality monitoring

system is to tell the abnormal state of engine oil.

Keywords —engine oil deterioration detection sensor( %l %1 9 < & 3} 7+ 2] Al A1), capacitance(7d X

dielectric constant(+% ), oil filter( 2 Z )
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Fig. 1. Prototype of a filter-sensor.
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Fig. 4. Dielectric constant of air measured with an oil
filter-sensor on a table at atmospheric pressure.
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Fig. 5. Capacitance of engine oil measured with an oil
filter-sensor on a table at atmospheric pressure.
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Fig. 6. Dielectric constant of engine oil measured with
an oil filter-sensor on a table at atmospheric pressure.
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Table 1. Capacitance measuring error table of controllers for filter-sensors
Engine Oil Quality Monitring System SN-01
71% &% [nF] 1 5 10 50 100 500
A28 Hagt Aozt gk HAoigk Aoy Hdig At Hoige Ay HAdiw Ak Hoige
0.965 1.039 4996 5.153 9972 10.19 50.0 5027 99.84 1004 5003 501.4
QA [%] -3.5 39 -0.08 3.06 -0.28 1.9 0.16 054 -0.16 04 0.06 0.8
Engine Oil Quality Monitring System SN-02
71%& &% [nF] 1 5 10 50 100 500
A Hagh Adigh A AR HAagh HAdig A HAdigh et Aot g HAdig
A& 0959 1.024 4984 5069 9951 10.08 5006 502 99.61 1004 499.3 5009
23} [%] 4.1 24 -032 138 -049 038 0.12 04 -039 04 -0.14 0.18
Engine Oil Quality Monitring System SN-03
71% &% [nF] 1 5 10 50 100 500
gy R A A% A A A Aed Ak A Ak A A
0972 1.036 4978 5.072 9941 10.11 49.88 50.34 99.81 100.3 499.3 500.5
23} [%] 2.8 36 -044 144 -059 1.1 -024 068 -0.19 03 -0.14 0.1
Engine Oil Quality Monitring System SN-04
71% &% [nF] 1 10 50 100 500
A2 Hagh HAdigh Hagr Aoy A Adigh HAag Hoigt g HAdigh g Hoiwt
0.984 1.042 4995 5058 9942 10.06 499 50.03 99.62 100 4979 499.1
QA [%] -1.6 42 -0.1  1.116 -0.58 0.6 -02 006 -0.38 0 -042  -0.18
Engine Oil Quality Monitring System SN-05
71% &% [nF] 1 5 10 50 100 500
/20 Hagh Adig g HAdig Hagh Hdig Ao HAdigh Hagh Hoig Hagr Ao
097 1.042 4985 5074 9955 10.12 49.99 50.16 99.78 1002 498.7 500.6
2} [%] -3 4.2 -0.3 148  -0.45 12 -0.02 032 -022 02 -026 0.12
2o AdErh A AR A- Al =k SRS =
7Aoo w AAeHE QEAMETY SHHEe % B AAEEE ASHeE ] 34 sk
H 7bss AL NE S F e IRE 7+ W, SWE ol&ste] AFAAZE Ft oy Y
dste] AlFsks 71Eel ofof sk, & ARl For, & 29 78 w0 AgeE =3ivk &, 29
= AA Az 7 Al AEF SIS Y tolg +5 59 WEgs S7HE F otk 2
nFee2 2o 7hs RS sto] Al tin] ARSfre] 24 QAR 5% olulol AT
B4 dspes Wl s el do AsE AN H JEAA AgAe)7] stell gk A8 =4
&I}, @l eaelE SAMNAS TN B v
= IEAlN d8EAvI e AT S71F Table 13} o] +5% ojel] &2 & & Utk
4 AgeE =9 e e 2ok 27 A% ARe el FArFE A8 AU RN o
IREFE A& FHAEH W FoF FEOERE &8 23 Zo] AR F, dA AR et
Ao Tt =& 7hs A7) sl Hwe] A& ACKe[Ith o714 K& F3/d<r Hst BAASR 7]
sto] ARE AA 527 sl AEF(time F ASCYETH AMHAEAS R S FAg
= capacitor Z33FgFe] 63.2% & AT HstE] OiF dods B4 o8 de
Vol. 27, No. 3, June, 2011

< A
constant, ¥ 17L&



130

& o <X H J oK o ol R =T T £ T T
T SEntae. 23 W EIETERLT TG
g o = .Mﬂgel ol S W = 0 8 Jerp,mﬂmﬁ
=) m‘muﬁoqmﬂ,ﬁ T M@m o,ﬁoﬂewﬁunmrmmmMMTﬂoW‘A
= X ,m.ﬁo‘ol, \ol;o _]rLME.l_L = oF LT
% ° R A < 4 Flr g EpX g a
§ g LN T KR - e g S~ Sy
] 9 = a E.uo,ﬁ@ﬁ__l% " Tod = 9 T 9 O;oﬁ]d!7 e g
H 5 mm & B & Kl = op wuﬂewmi%__%pﬂﬂo L R B
¥ 3 ) Wovmﬂ:_aoT . | ﬂﬂm M%O@N Aga_a_.wmeT
~ T 2 cn [ = ~
e ! E R % g e L hw ™ A 2 8o E®wa N
5 H 2 M & 8 — Pt Qo o . o o] %o l_sbwﬁTVmEOﬂL%EﬂmM
(N W & SR O °© %o»ﬂj_goﬂwvl?mﬂlﬁm = NLWL ﬂﬂﬂ ﬂo,_mau@ % 5
SVEHVERIY g S¢PAs L 8F @ oz CRENERENeE g
= (v} < — 0 f —_ ~ — —
g | B M= |5 £ graCYorE o B GErgS¥Taw P
fllig | 5, sotopfip Toin GiERtiiigect
o0, o H —~ X = T ol = = o __ 0 ™
I i@ | f: Poiciuzi IOLF Biiesgrilzec,
1 't £ %@m%MMW% B EEwT gL TgeeT il
o o XX AR Ny w0 o ST B2 BT —R
S @ | | S = © — o T (e R B A R D T S
§ = od X ol > 3 ) T .% . 201
< iw\wm seTiiLts BDE GifgEdficdeies
. . © T o 5 ° o) B9 o S % ol T
FE ThITOOT N dx CTwsriHSidcue
% o TRITB My PRBETFTddE SHyHL o FIgl®aM IR
© o TR ﬁﬂ_éaomﬁmr Ewlhlwgﬁt ; édﬂ.aﬁﬁ TP Ny o T ok g
W kT TEF T P P ERL Ll 2HLDE &g o2 o N
o T L s T WO T T e W CRNE M W
o B R oM E L BT B V% FRTIH g Tl g oD
dkdo TR P I EE kDT TOoEERT hwg s P TR RNy LA S
8 ¢ xhIokRbEamswe s B EM G L Ve H R g R
R T &FE® mﬁﬁﬂ'me%ﬂﬂ% Bew B Tt ED 4T 5 g
N 5 < LEAPHAM T SN e X Re DD oo oy R of oo O g
~w gH LS .ﬁﬂmﬂmoo_aa%Wﬁ%?%&ﬁ%l&ﬂ1@%&%%?%3E%Jﬁmmar%
) —_ f ) T ~ - A %X X oF X
Mo R A L R o SeRg lhg AR Yl P
TESEIE AT I IO S NG FE SRS S E TR T MR T 00 5 5 5
2 < % i i ! ¥ 2y .0 T
IS LR ER T M SR RN S SRR RS S L b SR
LA . = oy oF =] L, st ) o— b sy T
e Rt I IR M ER e S e St b SR TR L TR L
= o TR SR A o X0 W AE T w e (S R (T L
Cxﬂwo_aﬁ7‘uretm Q_Lm_XﬁMIMﬂLﬂLﬂHﬂL‘mWO,_Mﬂmu‘ILm]]L ot S IR 2 — B p Mﬂ
b e A S S SRR R L TR B
LI PR S EAR TR TR EY RS DEEES S TPy Eya P b
‘w.LCA‘.X_.oHWlL M,m XM 1 ol < HOEWWI__/I g‘ol;o QL‘W‘WL o.._o,ol‘_l_mﬂﬁﬁvaT,WﬂL N‘* pl W_.‘._HWLE S C,.ww._\ol | C%MH__ AOWI
R TS BN, s RTINS i~ i) PR QT E Y ﬁ%
Nro ﬂm,mwuﬁrﬂ _z__v — :lof TR CWlLﬂVIQL L‘Igﬂ_OI <° Haqﬁlﬂo‘.ﬁmoAT ﬂ‘._,.‘ﬂlﬁo w WL Eo o ﬂL %TMﬂﬂﬂ./l% W 1,1__/l1ﬂ_§v OW s
ﬁé&@ﬂx&%b,momqnznfo%%ﬂiﬂa;_bi%ﬁé%éimz;%wg;ﬂﬂg@:ﬂ#
FAr S P gD TENT R N EH TR w WA -G of dp o)l T F ME ) B Mo 0

Journal of the KSTLE



ARe g WskE S0l o ded F4 =y
Capacitance of Oil B at Sensor No. 2 @ Ambient Pressure
1. Grean Oil(Mean: 17.72)
24 2. Used Oil-10~15K km Mixed, Test B1(Mean: 19.08)
« 3.Used Oil- 5~10K km Mixed, Test B2(Mean: 17.98)

2 « 4.Used Oil- 8~20K km Mixed, Test B3(Mean: 21.69)
ic
c 22
K] aifl:
§ 21 4
©
3
S 20

P
19 I||i|IIII|
",
18 LT
1
17
18 19 20 21 22 23 24 25 26
Temperature(°C)

Fig. 11. Capacitance comparison between green oil and
used oil of diesel engine oil at real temperature.
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used oil of diesel engine oil @ 20°C.

252 19.08 nF ©|At}. HE3F Test B2
o =

o] AR HHEHF 5832 17.98 nF ©|3dtt. Test
B39 AREFo] HHEE 5872 21.69nF ©lUT
QAo gtz <l Test B34 A7
tiu] oF 22 4%71A] Atk B =23 22°C o5t
oA Egsl ez 7E2xel 20°CAA 3
Shab o] gkt ) sk Aol 3

7% 20°ColA ZH2; 1.8699]1™, Test
est B2 2 Test B3oll thdh ARg-fo) S35
FzF 1.899, 1.874 2 1.957% Test B39 AR:-
oAl F 4.70%7HA] S7FsIGith wERA Tzl L.
ALY SH QAT £1.0% ololx, A3

SH3) Al 2 ARl e F st

o BA8%F 5%

dand
Y
g\l

&

0&”«

710

==

A8 e
Z7ksic).

bt

o o

)
rio

pud

0]
-

)
rlo

M

@ 4y > Lo

Ov
_I\‘H

rl

H e Jo 2
o

\_]_'ITK 3:}

€]

K

A28l 7l 131

Dielectric Constant of Oil B at Sensor No. 2 @ Ambient Pressure
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4. Used Oil- 8~20K km Mixed, Test B3(Mean: 1.957)
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Fig. 13. Dielectric constant comparison between green
oil and used oil of diesel engine oil @ 20°C.
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Fig. 14. Change rate of dielectric constant comparison
between green oil and used oil of diesel engine oil @
20°C.
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Capacitance of Oil C at Sensor No. 4 @ Ambient Pressure
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Fig. 15. Capacitance comparison between green oil and

used oil of gasoline engine oil at real temperature.
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Fig. 16. Capacitance comparison between green oil and
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Fig. 17. Dielectric constant comparison between green
oil and used oil of gasoline engine oil @ 20°C.
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Fig. 18. Change rate of dielectric constant comparison
between green oil and used oil of gasoline engine oil @
20°C.
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