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0.004 0.003 0.02 2.199E-05 0.0026 8.85E-12 2.1 1 8.11
0.004 0.003 0.03 2.199E-05 0.0026 8.85E-12 2.1 1 12.17
0.004 0.003 0.03 4.398E-05 0.0037 8.85E-12 2.1 2 24.34
0.004 0.003 0.03 6.597E-05 0.0046 8.85E-12 2.1 3 36.51
0.004 0.0035 0.02 1.178E-05 0.0019 8.85E-12 2.1 1 17.48
0.005 0.0045 0.02 1.492E-05 0.0022 8.85E-12 2.1 1 22.15
0.006 0.0055 0.02 1.806E-05 0.0024 8.85E-12 2.1 1 26.82
0.0065 0.006 0.02 1.963E-05 0.0025 8.85E-12 2.1 1 29.16
0.004 0.0035 0.025 1.178E-05 0.0019 8.85E-12 2.1 1 21.85
0.004 0.0035 0.03 2.356E-05 0.0027 8.85E-12 2.1 2 52.44
0.004 0.0035 0.035 3.534E-05 0.0034 8.85E-12 2.1 3 91.77
0.0045 0.0035 0.025 2.513E-05 0.0028 8.85E-12 2.1 1 11.61
0.0045 0.0035 0.025 5.027E-05 0.0040 8.85E-12 2.1 2 23.22
0.0045 0.0035 0.03 7.540E-05 0.0049 8.85E-12 2.1 3 41.79
0.007 0.0065 0.02 2.121E-05 0.0026 8.85E-12 2.1 1 31.49
0.007 0.0065 0.02 4.241E-05 0.0037 8.85E-12 2.1 2 62.99
0.0066 0.00595 0.02 2.563E-05 0.0029 8.85E-12 2.1 1 22.51
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0.2 0.1 0.02 0.0003 6.00E-05 4.37E-03 8.85E-12 2.1 1239.00
0.25 0.1 0.025 0.0003 7.50E-05 4.89E-03 8.85E-12 2.1 1548.75
0.3 0.1 0.03 0.0003 9.00E-05 5.35E-03 8.85E-12 2.1 1858.50
0.35 0.1 0.035 0.0003 1.05E-04 5.78E-03 8.85E-12 2.1 2168.25
0.4 0.1 0.04 0.0003 1.20E-04 6.18E-03 8.85E-12 2.1 2478.00
0.2 0.1 0.02 0.0004 8.00E-05 5.05E-03 8.85E-12 2.1 929.25
0.25 0.1 0.025 0.0004 1.00E-04 5.64E-03 8.85E-12 2.1 1161.56
0.3 0.1 0.03 0.0004 1.20E-04 6.18E-03 8.85E-12 2.1 1393.88
0.35 0.1 0.035 0.0004 1.40E-04 6.68E-03 8.85E-12 2.1 1626.19
0.4 0.1 0.04 0.0004 1.60E-04 7.14E-03 8.85E-12 2.1 1858.50
0.2 0.1 0.02 0.0005 1.44E-04 6.77E-03 8.85E-12 2.1 743.40
0.25 0.1 0.025 0.0005 1.44E-04 6.77E-03 8.85E-12 2.1 929.25
0.3 0.1 0.03 0.0005 1.44E-04 6.77E-03 8.85E-12 2.1 1115.10
0.35 0.1 0.035 0.0005 1.44E-04 6.77E-03 8.85E-12 2.1 1300.95
0.4 0.1 0.04 0.0005 1.44E-04 6.77E-03 8.85E-12 2.1 1486.80
0.36 0.1 0.036 0.0004 1.44E-04 6.77E-03 8.85E-12 2.1 1672.65
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Endurance Curves - Oil Temperature and Pressure at main gallery vs.Cycle Time
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Endurance Curves - Crankcase Pressure vs. Cycle Time
3 Coolant Temperature: 90 °C , Engine Oil: Behran Super Pishtaz 10W40 SL
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|/ Live Ol Readings

Live readings Time Temp. Quality
17:31:42 24/6°C 22/3%
17:31:43 24/6°C 22/3%
17:31:43 24/6°C 22/3%
17:31:44 24/6°C 22/3%
17:31:44 24/6°C 22/3%
17:31:45 24/6°C 22/3%
17:31:45 24/6°C 22/3%
17:31:46 24/6°C 22/3%
17:31:46 24/6°C 22/3%
17:31:47 24/6°C 22/3%
17:31:47 24/7°C 22/3%
17:31:48 24/7°C 22/3%
17:31:48 24/7°C 22/3%
17:31:49 24/7°C 22/3%
17:31:49 24/7°C 22/3%
17:31:50 24/7°C 22/3%
Sensor serial number: 1004461 17:31:50 24/7°C 22/3%
17:31:51 24/7°C 22/3%
Sensor version number:  3/01 17:31:51 24/7°C 22/3%
Smoothing Debug 17:31:52 24/7°C 22/3¢%
17:31:52 24/8°C 22/3%
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water contamination test (offline)
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TUS3 offline- Capacitance and Loss Factor Number
Oil Type: Behran Super pishtaz 10W40SL, Oil Temperature: Ambient
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TU3 offline-capacitance

Qil Type: Behran Super pishtaz 10W40SL, Oil Temperature: Ambient
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TU3 offline- Resistance and Loss Factor Number
Qil Type: Behran Super pishtaz 10W40SL, Oil Temperature: Ambient
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TU3 offline- Calculated Teta and Loss Factor Number

siit QOil Type: Behran Super pishtaz 10W40SL, Qil Temperature: Ambient =
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TUS5 offline- Capacitance and Loss Factor Number
QOil Type: Behran Super pishtaz 10W40SL, il Temperature: Ambient
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TUS offline- Capacitance versus Cycle Time
Oil Type: Behran Super pishtaz 10W40SL, Oil Temperature: Ambient
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TUS offline- Capacitance and Teta

Qil Type: Behran Super pishtaz 10W40SL, Oil Temperature: Ambient
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TUS offline- Calculated Teta and Loss Factor Number
Qil Type: Behran Super pishtaz 10W403L, Oil Temperature: Ambient
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Effect of temperature- Capacitance and Loss Factor Number

1430 Oil Type: Behran Super pishtaz 10W40SL, Oil Temperature: 80+0.5 °C o5
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Kc(T) = (-0.000153 T2 + 0.027387 T2- 1.440629 T + 1018)/1000 (1-0)
R2=0.979
Corrected Capacitance = Kc(T) * C (Y-0)
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Kr(T) = (0.278096T%- 21.234364T + 838.506923)/1000 (¥-0)
R2==0.978
Corrected resistance = Kgr(T)*R (£-0)
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Effect of temperature- Resistance and Loss Factor Number
o Qil Type: Behran Super pishtaz 10W40SL, Oil Temperature: 80£0.5 °C
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Effect of temperature- Capacitance and Resistance
Ti%o Qil Type: Behran Super pishtaz 10W40SL, Oil Temperature: 80+0.5 °C
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Corrected teta = Kieta (T)*teta
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Effect of temperature- Calculated Teta and Loss Factor Number
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Effect of temperature- Differential Oil Pressure and Upstream Oil Pressure
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Effect of Oil Flow- Capacitance and Loss Factor Number

1430

Oil Type: Behran Super pishtaz 10W40SL, Oil Temperature: §0+0.5 °C
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Effect of Oil Flow- Resistance and Loss Factor Number

Qil Type: Behran Super pishtaz 10W40SL, Qil Temperature: 800.5 °C
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Effect of Qil Flow- Calculated Teta and Loss Factor Number

il Type: Behran Super pishtaz 10W40SL, Oil Temperature: 8005 °C
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Effect of Oil Flow- Differential Qil Pressure and Upstream Qil Pressure
Qil Type: Behran Super pishtaz 10W40SL, Oil Temperature: 80+0.5 °C
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Effect of Oil Pressure- Capacitance and Loss Factor Number
1430 Qil Type: Behran Super pishtaz 10W40SL, Qil Temperature: 80+0.5 °C
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Effect of Qil Pressure- Resistance and Loss Factor Number
110 Qil Type: Behran Super pishtaz 10W40SL, Qil Temperature: 80+0.5 °C
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Effect of Oil Pressure- Calculated Teta and Loss Factor Number
Oil Type: Behran Super pishtaz 10W40SL, Oil Temperature: 80+0.5 °C
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Effect of Oil Pressure- Differential Oil Pressure and Upstream Qil Pressure

250

Qil Type: Behran Super pishtaz 10W40SL, Qil Temperature: 80+0.5 °C
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Gasoline Contamination Test- Capacitance and Loss Factor Number
1435 Qil Type: Behran Super pishtaz 10W40SL, Oil Temperature: 80+0.5 °C
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Gasoline Contamination Test- Resistance and Loss Factor Number
Qil Type: Behran Super pishtaz 10W40SL, Qil Temperature: 80+0.5 °C
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Gasoline Contamination Test- Calculated Teta and Loss Factor Number
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Gasoline Contamination Test- Differential Qil Pressure and Upstream Oil Pressure
Qil Type: Behran Super pishtaz 10W408SL, Oil Temperature: 80+0.5 °C
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Water Contamination Test- Capacitance and Loss Factor Number

1430 Qil Type: Behran Super pishtaz 10W40SL, Oil Temperature: 80+0.5 °C ois
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Water Contamination Test- Resistance and Loss Factor Number
110 Qil Type: Behran Super pishtaz 10W40SL, Oil Temperature: 80+0.5 °C
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Water Contamination Test- Calculated Teta and Loss Factor Number

Qil Type: Behran Super pishtaz 10W40SL, Oil Temperature: 80£0.5 °C
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Water Contamination Test- Differential Oil Pressure and Upstream Qil Pressure
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Oxidation test- Capacitance
Qil Type: Behran Super pishtaz 10W40SL
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Oxidation test- Capacitance and Loss Factor Number

Qil Type: Behran Super pishtaz 10W40SL
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Oxidation test- Capacitance and Teta
Oil Type: Behran Super pishtaz 10W40SL
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Oxidation test- Calculated Teta and Loss Factor Number

- Qil Type: Behran Super pishtaz 10W40SL
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Durability Test (TU5)- Capacitance and Loss Factor Number
o Oil Type: Behran Super pishtaz 10W40SL, Oil Temperature: 98+4 °C
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Durability Test (TU5)- Resistance and Loss Factor Number
QOil Type: Behran Super pishtaz 10W40SL, Oil Temperature: 984 °C
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Durability Test (TU5)- Capacitance and Resistance
5 Oil Type: Behran Super pishtaz 10W40SL, Qil Temperature: 98+4 °C
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Durability Test (TU5)- Capacitance and Teta

Qil Type: Behran Super pishtaz 10W40SL, Qil Temperature: 98+4 °C

1490 - 88/0
Legend i
—C— capacitance ; ;
o—Teta [N q\.. & O(O:,f
SV ( 1P PRI NN S R W 3 G I St S ‘\Q-Sz.‘ .| B8I3
3 / ! O H
oo / o : i
o . Fexi o© ; : —
. _® Y : ]
: o . /'COCFD’G : : o
1450_........,......... e OO (o) o EE Rt BT B
mimETE B | | s
2 | O/ 9,@ o i ©
@ \ . e : ko]
g I e =
.g &
& f 3
(6] : ]
fo] : 6]
1410 oo - 89I2
1390 T T T T T T T T 89/5
25 50 75 100 125 150 175 200 225

Date of Test: 1396.04.30 4 :
Engine Cycle Time [hr]

TUS pipe o rlasl 0 L7 sl 5 S (515 ol Sy ~FF-0 S5

aS Cowl a8l o8l a0 IV sgas LT aygly (€9, 0,55 el O 5l iy mls el
o3 o 5l TAN DELTA S L) ol 53, b

TUS 15750 plgo GhalosT Job 30 lod yuais b yRaw> 535 Cond s ol s (3

Sllog owyp lp cwl ool JuS o Kol az 0 AAEY oogae )0 j9ig0 ;0 4Eg, oo
Jsb 55 S35 b ol Sl Lo o8 it Gl ol ol oo s ) ol (G5l oo
B cud b ails s Sail o a5 Jlele 1o aS 05l o canlice 05 cwyp j5ig0 )0 Cend
Dbl 5390 50 Eg) (2w a5 Ll Al (FY-0 JS8) ol 08,57 pss (o5 Jlaie 4

-%5—‘6"3 Sozgr M 89, Cumdg 9590 50 G5 pueal 9 @S (g 50 U e (pl ol

\YY



Durability Test

U5)- capacitance and temperature

i Qil Type: Behran Super pishtaz 10W40SL, Oil Temperature: 98+4 °C
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Durability Test (TU5)- Calculated Teta and Loss Factor Number
Oil Type: Behran Super pishtaz 10W40GSL, Oil Temperature: 98+4 °C
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LCR METER MASTECH 5308 (slbs ,/udo g yii/ss 0d9uxo— 1 Cawon

1

Capacitance Measurement

Inductance Me

Isurement

Al

Frequency Range | Resolution | Accuracy | Frequency Range |Resolution| A y| Freg ¥ Rang Resolution| Accuracy
100H2/120Hz [200.000 | 0.010 | 1.0%+5d |10DH2/120Hz [20.000nF | 1pF 1.0%+5d | 100Hz/120Hz| 20.000mH | 1uH 1.0%+5d
100Hz/120Hz |2.0000k0 | 0.10 0.3%+5d |100Hz/120Hz | 200.00nF | 0.01nF | 0.5%+5d |100Hz/120Hz| 200.00mH | 0.01mH | 0.5%+5d
100Hz/120Hz |20.000k0 | 10 0.3%+5d |100Hz2/120Hz | 2000.0nF | 0.1nF | 0.5%+5d |100Hz/120Hz| 2000.0mH | 0.1mH | 0.5%+5d
100Hz/120Hz [200.00KQ | 0.01kQ | 0.5%+5d |100H2/120Hz2 [ 20.000uF | inF 0.5%+5d | 100Hz/120Hz| 20.000H | 1mH 0.5%+5d
100Hz/120Hz {2.0000MQ| 0.1k | 1.0%+5u |100H2/120Hz | 200.00uf | 0.01u¥ | 1.0%+54 |100Hz/120Hz| 200.004 | 0.01H 1.0%+5u
100Hz/120Hz |20.000MQ] 1kD 1.0%+5d [100Hz2/120Hz [2000.0uF | 0.1uF | 2.0%+5d [100Hz/120Hz| 2000.0H | 0.1H 1.0%+5d
100Hz{120Hz {200.00MQ| 0.1MQ | 2.0%+5d |100H2/120Hz [20.00mF | ©.1mF | 2.0%+5d |100Hz/120Hz| 20.000kH | 1H 2.0%+5d
1kHz2 20,0000 | 0.001Q | 1.0%+5d [1kHz 2000.0pF | 0.1pF | 1.0%+5d |1kHz 2000.0uH | 0.1uH | 1.0%+5d
1kHz 200.000 0.010 0.3%+5d |1kHz 20.000nF | 1pF 1.0%+5d | 1kHz 20.000mH | 1uH 0.5%+5d
1kHz 2.0000k0 | 0.10 0.3%+5d |1kHz 200.00nF | 0.01nF | 0.5%+5d |1kHz2 200.00mH | 0.01mH | 0.5%+5d
1kHz 20.000k0 | 10 0.3%+5d |1kHz 2000.0nF | 0.1nF | 0.5%+54 | 1kHz 2000.0mH | 0.1mH | 1.0%+5d
1kHz 200.00kQ | 0.01kQ | 0,5%+5d [1kHz 20,000uf | 1nF 0.5%+5d | 1kHz 20,0004 | 1mH 1.0%+5d
1kHz 2.0000MQ| 0.1k0 1.0%+5d |1kHz 200,00uf | 0,01uF | 1.0%+5d |1kHz 200,00H | 0,01H 2.0%+5d
1kHz 20.000MQ] 1kn 2.0%+5d [1kHz 2000.0uF | 0.1uF | 1.0%+5d [1kH2 2000.0H | 0.1H 5.0%+5d
1kHz 200.0M0 | 0.1MQ | 5.0%+5d |10kH2 200.00 pF| 0.01pF | 1.0%+5d |10kHz 200.00uH | 0.01uH | 1.0%+5d
10kHz 20,0000 0.0010Q | 1.0%+5d |10kHz 2000.0pF | O.1pF 1.0%+5d | 10kMz 2000.0uH | 0.1uH 0.5%+5d
10kHz 200,000 | 0.010 | 0.5%+5d [10kHz 20.000nF | 1pF 1.0%+5d | 10kHz 20.000mH | 1uH 0.5%+5d
10kHz 2.0000ka | 0.10 0.3%+5d |10kHz 200.00nF | 0.01nF | 1.5%+5d |10kHz 200.00mH | 0.01mH | 1.5%+5d
10kHz 20.000k0 | 10 0.5%+5d [10kHz 2000.0nF | 0.1nF | 2.0%+5d |10kHz 2000.0mH| 0.1mH | 2.0%+5d
10kHz 200.00k0 | 0.01k0 | 1.0%+5d [100kH2 200.00 pF| 0.01pF | 2.0%+5d |10kHz 20.000H | 0.001H | 5.0%+5d
100kH:2 20,0000 | 0.0010 | 1.0%+5d [100kHz 2000.0pF | 0.1pF | 1.0%+5d |100kHz 20.000uH | 0.001uH | 1,0%+5d
100kHz 200.000 0.010 1.0%+5d |100kHz 20.000nf | 1pF 2.0%+5d | 100kHz 200.00uH | 0.01uH | 2.0%+5d
100kHz 2.0000k0 | 0.10 1.0%+5d |100kHz 200.00nF | 0.01nF | 5.0%+5d |100kHz 2000.0uH | 0.1uH | 2.0%+5d
100kHz 20.000k0 | 10 2.0%+5d 100kHz 20.000mH | 1uH 2.0%+5d

100kHz 200.00mH | 0.01mH | 5.0%+5d
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Oil Quality Loss Factor
Description min max
= 33.75
32.50 33.74
31.25 32.49
30.00 31.24
28.75 29.99
27.50 28B.74
26.25 27 .49
25.00 26.24
22.50 ' 24.99
20.00 22.49
17.50 19.99
15.00 17.49
12.50 14.99
10.00 12.49
7.50 9.99
5.00 7.49
2.50 4.99
0.00 2.49
=2.50 =0.01
-5.00 -2.51
-7.50 -5.01
-10.00 =7.31
-12.50 -10.01
=15.00 -12.51
-17.50 -15.01
-20.00 -17.51
= 20.00
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Abstract

Checking the instantaneous state cary out for the internal combustion engine oil to ensure
the lubricant's protective function and engine health. The purpose of present study is
design and manufacturing capacitive sensor for online oil quality monitoring sensor.
Noise factors such as temperature, pressure and oil discharge were investigated on sensor
performance. The effects of various oil deterioration factors such as water pollution, fuel
contamination and oxidation on the sensor outputs in the hydraulic circuit were online. In
addition, the sensor was evaluated in real operating conditions in both investigated Inside
the circuit online and offline durability tests.

The geometry of the electrodes of this capacitive sensor is designed to increase its
capacitive capacitance, which by increase of capacitive capacitance the oil changes
measuring more precise manner and the presence of bubbles in the oil not affecting in the
measurement. The oil passes through this capacitive sensor, which allows online
monitoring of the oil pressure difference between the input and output, and, in the case of
oil discharge control, oil viscosity can be monitored. The advantages of this design are
better oil flow, lack of deposition within the sensor and consequently increased accuracy
in detecting oil defects and detecting gasoline contamination in the oil. Sensor outputs,
capacitive capacitance, theta angle (the ratio between the imaginary part and the actual
part of permittivity), the difference in pressure between the two sides sensor and the oil
temperature, that the different causes of oil degradation have different effects on each
one. The results of the tests indicate that the sensor is capable of detecting various oil
defects such as water pollution, fuel pollution, and oxidation, so that a specific range of
sensor outputs for oil health can be determined.The low cost of production and the simple
and online processing of sensor data output and high accuracy are the oil quality sensor
features.

Keywords: Online Condition Monitoring, Oil Quality, Oil Sensor, Dielectric Constant,
Spark Ignition Engine Oil
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