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Microwave Evaluation of Used-Oil Quality 
Degradation 

Abstract: This paper describes of microwaves 
to the chemical specification variations of an oil fill used 
in a combustion engine. The evaluation of used oil quality 
degradation in a combustion by measuring the 
complex dielectric constant permittivity) in the 
frequency range of X-band GHz) and Ku-band 
(17.63-18.07 A completely filled 
short-circuited was used to perform 
these dielectric measurements. The results have shown 
that for the in both X and Ku bands, the 
dielectric constant and the loss increase as a 
function of oil usage measured by mileage. The 
measurements in the X-band more variation in the 
complex dielectric constant than the measurements in the 
Ku-band. It is believed that the oil quality degradation is 
related not only to the amount of oil usage, but also to the 
combustion engine state. The procedure as well 
as experimental results are 

Keywords: Microwave, evaluation, energy measurement. used 
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Introduction 

(Bussey accuracy and 
microwave measurement techniques have been 
applied on 
complex '''''-''v," L.< constant measurements 
al. et ai, 

bulk, and fluid matelials for the 

1994, 
measurement 

are for materials of 
(tanoLO.OO I )(Kadaba 1984, Kooi et at. 1980). 

Zanforlin 

low 

vlJ''-''Lltv';U properties of many materials are 
related to the electrical properties. Thus, 

of athe dielectric constant 
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Detector 

E-bend 

Slotted waveguide 
Microwave Source 	 Ferrite with digital meter 

Isolator(Gunn Oscillator) 

Oil 

sample used oil may give an indication oil 
quality degradation. 

The evaluation technique of quality 
for an oil fill in a combustion 
expensive and it and 
procedure. 
of microwave 

In this paper, we discuss the results of 
dielectric constant measurements of combustion 
engine oil fills. perform this task, oil fills a 
four-cylinder petrol were used, and many 
used oil samples several hundred 
of running (100-1400 
samples of an 
running used in combustion 
different ages were taken. The ability of microwaves 
to detect the used quality degradation 
different distances usage is shown. This type 
information may to important practical 
applications such as and evaluating 
state of a combustion 

Measurement Procedure 

We consider a measurement procedure in a 
with the shorted line 

that would possess the 
filled 

1964) 

1. be suitable for 

2. be suitable for fluid materials, like 

who are not 
assembled, and 
trained in this 

1 shows the experimental used 
the waveguide measurement 

of used oil. Two r1tt"tF'l'pn set

ups 
were used. 
signal at the 
short circuited in horizontal 
filled with an oil applying a piece 
tape to hold in place (Ganchev et al. 
1994), a can be used to solve 
problem. The E-bend keeps the short 
circuited waveguide in a vertical position and 
completely filled by oil sample. The 
E-bend waveguide on the microwave 
neglected I). 

The electrical of a material may be 
specified by the dielectric constant(E). The 
real and the imaginary parts of this constant are 
indicated in the following equation: 

E == E' jE" 	 (1) 

where E' is the dielectric constant and E" is the 

A measure of the energy 
is called the loss 

in the form of 
It is the ratio of 

per cycle, and 

tan8 == 	 (2)
E' 

the shorted 
technique (Lance 1964) the 

measurement 

1. 	 Measuring the shorted 
sample. 

the 3-dB width (L1X) by the "twice 
method (Lance I as indicated in 

2. 

the position of the3. 

4. 	 dielectric sample and 
posltlon the minimum (B) and then 
the in minimum(L1l) . 

Short circuiting 

permittivity.used the measurement ofFig. 1. 
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Dielectric 
sample 

/ 

3 

A t11 B 

waves in the waveguide with2. 

5. the 3-dB width (t1X\) by the 

minimum" method. 

6. 

tan X A 
== -.!l tan ---

2ndX 
there is an infinite number 

an estimated value of the dielectric constant 
for x in the 

the dielectric constant: 

XA\2 A \2 
£':= -. + -' 

\2ndJ '\ ACt 

7. 

8, the loss tangent: 

E'd 

To the 
procedure and find the cOlTect root 

dielectric 

thethe estimated value 
constant, a calculation example 

an oil fill with a thickness 
and a usage of 1000 km is given in the 

and Analysis 

the oil complex dielectric constant, 
oil (SAE 20W/40) was Many 

20-260 mm of new (unused) 
oil were taken to measure their 
with two different 
17.9 3 
new oil fill as a function of the 

tangent of a new oil fill as a 
width. Table (1) the average 

the dielectric constant and the 
the measurements at the two 

/ 
/ 

/ 
\ 

without sample. 

(4) 

(5) 

Significantly long usage its 
chemical properties. in the chemical 
properties means mainly an increase of the carbon 
content. The carbon content is proportional to the 
complex dielectric constant (Ganchev et al. 1994). 
in addition, the used oil contains iron particles of a 
microscopic size from the friction 
between the piston 
engme. 

5 shows the constant for a 176-mm 
sample width as a function the oil usage length in 
km_ In Fig. 6 we see the for a 176-mm 
sample width as a of the oil usage length in 
km. All the measurements described above were 
performed with oil fill of an engine with 
90,000 km of usage 

Figures 7 and 8 the dielectric constant and 
the loss tangent of an oil when using a 176-mm 
sample width and a 1000-km oil fill usage length as 
a function of the age (expressed by the usage 
length in km). The used were of the same 
type (four-cylinder 

As mentioned the measurements 
and 17.9 GHz. 

measurements at 9 GHz 
give more in the constant 
and the loss than measurements at 17.9 GHz 
(Figs. 3-8; Table 1). 

Measurement 

The accuracy 
technique using the line method is 
well established (Chao 1986). The technique used in 
this paper the minimum 
positions (A & B) and the 3-dB (,1.t & fus)widths 

rather than and the related null 
because the SWR 

are high and out of 
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constant (£') as a function of 
width at 9 GHz and 17.9 GHz. 
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Fig. 4. The dielectric constant 
of new-oil width at 9 
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in km 9 GHz and 17.9 GHz. 

mm was used. 
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Engine usage length in km (xl 000) 

constant (£') of an oil fill with 
width and 1000 usage length as 

by the usage 
and 17.9 GHz. width at 9 

age 

at 
as a function the 

9 and 
GHz.An oil sample width of mm was used. 

18 
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Fig. 8. The loss tangent (tano) of an oil fill with 
mm sample width and 1000 km 
function of engine age 
length in km) at 9 GHz and 17.9 GHz. 

by 

Table 1: The average of both the dielectric constant and the loss tangent for the new oil fill 
measurements at 9 and 17.9 GHz. 

Measurement at 9 GHz Measurement at 

value the constant 2.1442 

0.0008304 

2.1138 

0.0008146 
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Appendix 

Calculation Procedure (using MathCad) of the complex dielectric constant oil fill sample with 1000 km of usuage length 

tan (x) 	 .,.I ..I ..Io-m r rx 

-1 
2 	 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 

,2 2 
lN, \ : A, 

2'1t·dj 

SWR-meter range. The 3-dB widths 
waves the shorted with and 
without the dielectric sample are inversely 
proportional to Therefore, to improve our 
measurement accuracy, it is better to measure the 

constant a microwave 

dial 
X-band or even at lower frequencies. 

gauge mounted on the slotted 
section was used with the in the 
X-band, and a distance meter mounted on the 
slotted was used with the set-up 
in the Ku-band in order to obtain distance 
measurements. Also, the accuracy and sensitivity is 

thicknessesmultiple 

Conclusion 

Comparatively simple and inexpensive 
measurement instmmentation was to evaluate 

Microwave Evaluation Used -Oil Degradation 

A good 
quality engine oil (SAE 20W/40) was used 

of a combustion engine oil 
dielectric constant 

offers good 
and measurement accuracy. 

the measurements. Two 
operating in 8.5-10.5 

The measurements the complex 
the range of 8.5

more variations than the 
measurement in the range 18.07 
GHz. the results showed that the increase in 
both constant loss of the 
measured oil samples is proportional to the increase 
in the oil quality degradation, which in turn is 

the increase of usage. The suggest 
that the measuring of the oil fill complex dielectric 
constant may also serve as a means evaluating 
the state. 

Shift in the minimum (m):

3-DB width (without the dielectric 

3-DB width (with the dielectric 

width (m):

Cutoff wavelength :

Measured wavelength :

f 

d 

~L 

a 

Ac 

9.0,109 

176.10-3 

10-3 ~L 

~x := .55· 

~xs := 1.4.10-3 

2.2810-2 

2'a 

0.0038 

3· 

f 
I, =0.03333 

0.044 

m' - m 0.02399 

x : ;:;;; 40.01.. 50 
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tan .I ,. .J../m 0 
x f f 

1 
40 41 42 43 44 45 

x 
46 47 48 49 50 

The estimated value of the dielectric constant: El := 2.40 

x 45.3136 

t : =root 
x 

- m,x t:::: 44.80929 

£1 : 
2·1t·d 

Ie 2 

tanb: 
LlXS 

Eld 

LlX Ie ,2 

Dielectric constant:

Loss tangent:

Loss factoc

E2 :=El ·tanb 

1 := 2.3587 

= 0.00118 

£2 := 0.00277 

x; 
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