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- Pt sensing
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Endurance Curves- Engine Speed and Power vs. Cycle Time
nCouIam Temperature: 110 °C, Engine Oil: Behran Super Pishtaz 10W40 SL
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Endurance Curves- Oil Temperature and Pressure at main gallery vs. Cycle Time
Coolant Temperature: 110 °C, Engine Oil: Behran Super Pishtaz 10W40 SL
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Press*Press 1 0 0 0 2 0.19
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Residual
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Lack-of-Fit 3 0 0 0 @ @
Pure Error 4 0 0 0
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Offline Test Comparison- Capacitance and Loss Factor Number
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Effect of Oil Flow- Capacitance and L.oss Factor Number

Oil Type: Behran Super pishtaz 10W40SL, Coolant Temperature: 110 °C
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Effect of Oil Pressure- Capacitance and Loss Factor Number
Oil Type: Behran Super pishtaz 10W40SL, Coolant Temperature: 110 °C
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Effect of Temperature- Capacitance and Loss Factor Number
0Oil Type: Oil with an Unknown History, Coolant Temperature: 110 °C
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Effect of Temperature- Capacitance and Loss Factor Number
Oil Type: Behran Super pishtaz 10W40SL, Coolant Temperature: 110 °C
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Effect of Temperature- Capacitance
Oil Type: Behran Super pishtaz 10W40SL. Coolant Temperature: 110 °C
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Effect of Temperature- Capacitance and Loss Factor Number
Oil Type: Behran Super pishtaz 10W40SL, Coolant Temperature: 110 °C s
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Effect of Corrected Temperature
Oil Type: Behran Super pishtaz 10W40SL, Coolant Temperature: 110 °C
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Effect of Temperature- Capacitance
Engine Oil: Behran Super Pishtaz 10W40 SL, Coolant Temperature: 110 °C
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Effect of Temperature- Capacitance
Engine Oil: Behran Super Pishtaz 10W40 SL, Coolant Temperature: 110 °C
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Response speed- Capacitance and Loss Factor Number
Engine Oil: Behran Super Pishtaz 10W40 SL, Coolant Temperature: 110 °C
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Water Contamination Test- Capacitance and Loss Factor Number
Engine Oil: Behran Super Pishtaz 10W40 SL, Coolant Temperature: 110 °C 15
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Product DATA SHEET of Oil Condition Monitoring Of Oil Quality Sensor

Order Information
Physical

Connections
Electrical
Data Output

Oil Quality Detection
Parameters

Oil Type

Environmental

Product Name
Material
Dimensions
Weight
Thread

Power Supply
Digital Output

Frequency

Sensitivity
Accuracy
Elements

Configuration

sensor
Temperature
Fluid
Temperature
Recommended
Temperature
Fluid Pressure

Water & Dust

SHQS-01
Stainless Steel AISI1304
90mmx37mm(LxW)
2809
1/2” BSPP Thread / M32 Hex thread
5 Pin Lumberg Male
5V DC USB
USB 2.0 & 3.0

0.5Hz

0.005 pf (%1.0 Loss Factor of Quality (LFQ))
+0.03pf (%6.0 Loss Factor of Quality (LFQ))
All wear and contamination elements
Any synthetic or mineral oil-including fuel oils

such as gasoline spark ignition engine
-20°C (-4°F) to +120°C (+248°F)
-20°C (-4°F) to +150°C (+248°F)
Up to 100 °C

up to 10 bar (290psi)
Estimated: IP55
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2—A CDC - High Performance System On Chip

SENSOR Z-ACDC HOST [, 21.it Eff. Resolution
4 aF Input Noise
AD7745 e (4x 1018 F)
4 fF Accuracy
- . oo (| PR [ SEAL (¢ (@ x 101 F)
0 to 17pF Capacitance
PEE S with *4pF Range
;A COAlImRATION
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B +2°C Temp. Sensor
Aux. Voltage Input
Capacitance In Calibration
> Serial Interface
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Oil Quality Sensor (OQSx) .4

Calibration Certificate

TANDELTA ¥«

Product Code: OQSx-1-AA-02-5

Calibration Details

Serial Number: 1003799
Oil Type: Shell Helix 15W40

Calibrated By: R.Davison
Catibration Date: 28/02/2017
Calibrated at Tan Delta Systems Ltd, UK

Calibration
Zero Calibration Fluid -0.2% to +0.2% @ +30°C (+86°F)

Span Calibration Fluid +19.8% to +20.2% @ +30°C (+86°F)

Calibration Voltage
Current Loop (Zero) 7.96mA to 8.04mA @ +30°C (+86°F)

Current Loop (Span) | 1.96mA to 12.04mA @ +30°C (+86°F)

Tan Delta hereby certifies that the stated product has been tested using Tan Delta
Equipment and that the instrument complies with the manufacturer’s specifications.

Mr Shaunéncliffe. Operations Manager, dated 2|st September 2015.

Tan Delta Systems Ltd AMP Technology Centre BrunelWay Rotherham S60 5SWG UK

T: +44 (0) 845 094 8710 E: info@tandeltasystems.com W: www.tandeltasystems.com
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Product DATA SHEET of TAN DELTA QOil Condition Monitoring Of Oil Quality Sensor

Order Information

Physical

Connections

Electrical

Data Output/Input

Oil Quality Detection Parameters

Oil Type

Environmental

Product Name
Product Code
Material
Dimensions
Weight
Thread

seal

Power Supply

Power
Consumption

Analogue Output
Digital Output
Frequency
Sensitivity
Accuracy
Elements
Configuration
sensor Temperature
Fluid Temperature
External Pressure
Fluid Pressure
Water & Dust
Shock & Vibration

EMC

Oil Quality sensor (OQSXx)
0OQSx-1-AA-02-5
Stainless Steel AISI304
90mmx37mm(LxW)

160g

1/2” BSPP Thread / M32 Hex thread

DIN 3869 Viton Seal [Alternative seals and threads available upon
request]

6 Pin Lumberg Male (IEC 61076-2-106) [Alternative seals and threads
available upon request]

9-30vV DC
Average 0.4w continuous 30mA

2x4-20mA (current syncing, passive input

1xRS485:9600 baud half duplex, Modbus protocol supported on RS485,
CANbus: CANopen protocol supported on RS485

15 per second

Certified better than 15ppm sensitivity
+1%

All wear and contamination elements

Any synthetic or mineral oil-including fuel oils such as diesel and bio-
diesel

-20°C (-4°F) to +120°C (+248°F)

-20°C (-4°F) to +120°C (+248°F)

0 bar (Opsi) to 20 bar (290psi)

up to 20 bar (290psi)

IP67 when connected

BS EN 60068-2-30 [Test Db - Cyclic Humidity]
BS EN 60068-2-6 [Test Fc - Sine Vibration]

BS EN 60068-2-27 [Test Ea - Mechanical Shock]

EN 61000-6-4:2007 [Generic Emissions Standard for Industrial
Environments]
EN 61000-6-4:2005 [Generic Immunity Standard for Industrial
Environments]
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Oil Quality Loss Factor
Description min max
= 33.73
32.50 33.74
31.25 32.49
30.00 31.24
28.75 29.99
27.50 28.74
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 =7.51
-12.50 -10.01
=15.00 =12.51
=17.50 =-15.01
-20.00 =17.51
= 20.00
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Freq Y Rang Resolution | A vl F Range |Resolution| Accuracy | Frequency Range |Resolution| Accuracy

100H2/120Hz {200,000 | 0.010 [ 1.0%+5d |100M2/120Hz2|20.000nF | 1pF 1.0%+5d | 100Hz/120Hz| 20.000mH | 1uH 1.0%+5d
100Hz/120Hz |2.0000k0 | 0.10 0.3%+5d |100Hz2/120Hz | 200.00nF | 0.01nF | 0.5%+5d | 100Hz/120Hz| 200.00mH | 0.01mH | 0.5%+5d
100Hz/120Hz [20.000k0 | 10 0.3%+5d |100H2/120Hz | 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 |100H2/120H2 | 20.000uF | 1nF 0.5%+5d | 100H2/120Hz| 20.000H | 1mM 0.5%+5d
100H2/120H2 {2.0000MQ| 0.1k0 1.0%+5u |100H2/120H2 | 200.00uf | ©.01uf | 1.0%+5d | 100HL/120H2| 200.004 | 0.01M 1.0%+5d
100Hz/120Hz |20.000MQ| 1kD 1.0%+5d |100Hz2/120Hz | 2000.0uF | ©O.1uF 2.0%+54d | 1004z/120Hz| 2000.0H 0.1H 1.0%+5d
100Hz{120Hz [200.00MQ| 0.1MO | 2.0%+5d |100H2/120Hz | 20.00mF | O.1mF | 2.0%+5d |100Hz/120Hz| 20.000kH | 1H 2.0%+5d
1kH2 20.0000 | 0.0010 | 1.0%+5d |1kHz 2000.0pF | O.1pF | 1.0%+5d |1kHz 2000.0uH | 0.1uH | 1.0%+5d
1kHz 200000 | 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 |1kHz 200.00mH | 0.01mH | 0.5%+5d
1kHz2 20.000k0 | 10 0.3%+5d |1kH2 2000.0nF | O.1nF | 0.5%+5d [1kmz 2000.0mH | 0.1mH | 1.0%+54
1kHz 200.00k0 | 0.01k0 | 0.5%+5d |1kMz 20.000uf | 1nF 0.5%+5d | 1kHz 20,0004 | 1tmH 1.0%+5d
1kH:z 2.0000MQ] 0.1k0 | 1.0%+5d [1kHz 200,00uf | 0.01uF | 1.0%+5d [1kHz 200.00H | 0,014 | 2.0%+5d
1kHz 20.000MQ] 1kn 2.0%+5d |1kHz 2000.0uF | O.1uF | 1.0%+5d |[1kHz 2000.0H | 0.1H 5.0%+5d
1kHz 200.0M0 | 0.1MQ | 5.0%+5d |10kH2 200.00 pF| 0.01pF | 1.0%+5d | 10kH:2 200.00uH | 0.01uH | 1.0%+5d
10kHz 20,0000 | 0.0010Q | 1.0%+5d [10kHz 2000.0pF | 0.1pF | 1.0%+5d | 10kHz 2000.0uH | 0.1uH | 0.5%+5d
10kHz 200000 | 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 | 10kH2 200.00mH | 0.01mH | 1.5%+5d
10kHz 20.000k0 | 10 0.5%+5d |10kHz 2000.0nF | 0.1nF | 2.0%4+5d | 10kH:z 2000.0mH | 0.1mH | 2.0%+5d
10kHz 200.00K0 | 0.01kQ | 1.0%+5d |100kH2 200.00 pF| 0.01pF | 2.0%+5d | 10kH2 20.000H | 0.001H | 5.0%+5d
100kHz 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 2.0000ka | 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 100kHz2 20.000mH | 1uH 2.0%+5d

100kHz 200.00mH | 0,01mH | 5.0%+5d
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Abstract

Oil condition monitoring is one of the main methods to maintain of internal combustion
engines. In recent years, to identify oil characteristics or oil quality, online sensors have
replaced conventional offline oil analyzers. Online oil quality sensor can provide optimally
usage of oil, rapid detection of failure and prediction of oil life which designed and
manufactured in this dissertation.

The principle of the oil quality sensor is based on measurement of oil dielectric capacitance.
The sensor was designed to operate in spark ignition engines with oil temperature up to
150 °C. At first, a prototype (conceptual design) of sensor was made to identify effective
parameters on accuracy of capacitance measurement. Also, in order to achieve optimal
sensor performance, a finite element method used to simulate sensor performance along with
design of experiment (DOE) methods. After parts manufacturing, the sensor was tested using
offline method. Based on offline test results, it was determined that the presence of a sensor
board with a fixed position close to the sensor was necessary and affected on results. So
electrical board was assembled for online tests. Online tests result show that only the oil
temperature can effect on sensor output up to 3.3%, which can reduce this error to 0.3%
using temperature correction factor. In addition, the sensor can detect minimum amount of
water pollution, which is 0.02% by volume of oil that is acceptable compared to another
industrial sensor. The results show that sensor performance in detection of oil failure is rapid
enough.

Keywords: Online Sensor, Condition Monitoring, Oil Quality, Dielectric Capacity, Oil

Temperature.
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