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ABSTRACT 
 

Engine oil consumption directly indicates the troubles with the functionality of engine during  the development 

phase and helps in improvement of engine features. Also, the effects of emissions from the engines are mainly 

due  to  the  oil  combustion.  Thus  Lubricant  oil  consumption  measurement  of  IC  engines  is  getting  great 

importance  due to these strict emission regulations,  customer satisfaction  and  development process. However, 

fast and accurate measurement of oil consumption is very difficult task. There are different techniques developed 

over a year including conventional methods, tracer methods and analytical prediction methods. In Conventional 

methods, gravity fed or drain method is used. In which mass or volume measurement of lube oil is done before 

and  after  the engine  test. These methods are  easy, but it requires  long periods of engine running.  In  tracer 

methods, an amount of tracer material in the exhaust gas due to combustion of oil is measured. Though these 

methods are complicated and costly but it provides very fast and precise results. Another advantage is possibility 

of  real  time  oil  consumption  measurement.  Lastly,  analytical  prediction  method  gives the  idea  about  oil 

consumption  in the shortest  time with using  some assumptions  and  estimations. Thus  it is the necessary  for 
automobile industry to come up with an efficient method of OC measurement.  To overcome the drawbacks of 
existing  methods conventional  method  with real  time oil consumption  measurement  can  be used.  This  can 
achieve accurate and continuous data about oil consumption with the help of electronic subsystem like LVDT as 
studied in this paper. 

 
Keywords: Engine Oil, Oil Consumption Measurement, Engine Lubrication. 

 

----------------------------------------------------------------------------------------------------------------------------- 
 

1.   INTRODUCTION 
 

The need of lubricating oil in internal combustion engine has same important as fuel. The main function of 

engine oil is to reduce wear of moving parts; it also cleans, avoids corrosion, acts as a sealing, and provide cooling 

to the engine by carrying heat away. Due to this heat, lubrication oil from combustion chamber gets evaporated 

which is carried away along with exhaust gas. Unburned or partially burned oil present in the exhaust contributes to 

the hydrocarbon and particulate emission. Also, additives used in oil can be turned into toxic, poisons gases which 

may harm the exhaust treatment devices. Day by day every government agency tries to improve the current pollution 

state. Also, it is very much necessary to use oil carefully as it has limited natural stock. Due to this strict rules and 

regulations, every automobile industry tries to improve their design.  The increasing complexity in design and need 

of shortening development time affects the engine oil consumption. 

Various sources of consumption are [1]: 
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      Evaporation of oil from the cylinder liner 

 

      Direct leakage from engine, 

      Oil leaked from valve guides into combustion chamber, 

      Oil entrainment in blow-by gases, and consumption through positive crankcase ventilation 

      Other leaks like a bearing, camshaft, etc. 
Engine oil consumption also indicates the condition of an engine. It indirectly helps to study the various 

parameters of the engine. Also, it helps customers to know their vehicle properly, by knowing oil service intervals 
[2]. Therefore it is the need of industry to come up with better oil consumption measurement method. There is a vast 
number of OC measurements available right now in the market. Thus there is a major scope for improvement in this 
method to get accurate and real time results. This study is carried out in this paper and a new method is developed 
by integrating electronics (LVDT sensor) with a conventional method. 

 

1.1 Background 

 
As mentioned above there are different methods which are currently used form OC measurement. Those 

are classified as Gravity Fed Method or drain method (Gravimetric or Volumetric consumption), Dipstick method, 

Oil pump method, Tracer method, etc. Each and every method has its unique technique and advantages but still 

having some drawbacks. These methods are currently used in industries by compromising on other factors like 

accuracy and cost. Some of these are explained in a further section of this paper. 
 

2.   PROBLEM STATEMENT 
 

The present experimental techniques used for measuring oil consumption are either very costly or time- 

consuming. Also the various sources of error present in each method are of concern. So there is a need for a cheap 

but a reasonably accurate measurement method of oil consumption. In this paper, a simple and reliable method of 

measuring oil consumption has been presented which works on simple scientific principles. 
 

2.1 Literature Study and Related Work 
 

Different methods which are used in industries are studied in detailed. Summary of this study is presented in Table-1 

[3]. 

 
METHODS ADVANTAGES DISADVANTAGES 

1.    Drain & 
Weigh Method 

1.    Simple and economical. 
2.    No complicated equipment. 
3.    No skilled labour required. 

1.    Large error. 
2.    More time-consuming. 
3.    Cannot drain all oil. 

4.    Engine oil is diluted by fuel or water that 

mixes with the engine oil at the time of 

measurement 

2.    Tracer Method 
[4] 

1.    Less time required. 
2.    Accurate. 
3.    Transient measurement. 

1.    Very costly. 
2.    More calibration required. 
3.    Oil deposited on certain parts is not taken in 

final measurement. 

3.    Dipstick or 
Top-Up 

method 

1.    Very simple system 
2.    No extra equipment needed 

1.    Not very accurate. 
2.    Very long test time. 

3.    Leaks will be measured as OC. 

4.    Smart Oil 
Consumption 
Meter [5] 

1.    Accurate level measured with a 
sensor. 

1.    The accuracy of oil sensor is of concern. 
2.    The addition of new oil is required. 

 

Table-1: Summary of current OC measurement methods 
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After studying current methods in detail, some simple and off the shelf concepts are listed. The study of 

these concepts is presented in table-2. These simple concepts can be utilised to measure the oil consumption with 

ease after studying them properly. 

 
Concepts Description Study 

1.    Dynamic weighing •     Continuous weight assessment of oil 
present in a sump. 

• Study of a dynamic weighing 
method. 

2.    Dipstick method •     Use of dipstick as a potentiometer. 
•     Oil level as an input. 

•     Change in oil level. 

• The relation between oil level 
and volume. 

•     Oil dynamics. 

3.    Flow measurement • Different oil sumps for return oil and 
supply oil. 

•     The difference between flows. 

•     Arrangement of external sump 

• Difficulties in collecting return 
oil. 

• Effects of change in 
temperature. 

4.    Pressure 
measurement 

•     By sensing the pressure exerted by oil 
and by knowing crankcase pressure. 

•     Pressure sensors and location. 

•     Temperature calibration. 

•     Use of non-linear scale. 

5.    Pump 
Characteristics 

•     As speed = C, 
• Head of oil can be calculated by Pump 

output characteristics. 

• Pump parameters like flow, 
pressure, head, etc. 

6.    Replica tank with 
sensor (LVDT) 

•     The level of oil in a sump is replicated 
in another tank. 

•     Use sensor for measuring oil level. 

• Minimum cycle time with 
accurate result. 

• Effect of temperature and 
pressure. 

7.    Capacitance sensor • Change in capacitance according to 
dielectric constant of medium 

•     Capacitance sensor 

•     Location of sensor 

•     Calibration 
 

 

Table-2: New Approaches 
 

Though all methods stated above have potential to measure OC, but every method has some cha lenges that have to 

overcome. Thus it is very much important to find optimum method for OC measurement. 
 

3.   PROPOSED METHOD 
 

After studying different methods that are in use and new approaches that can possibly replace the current 

methods along with weightage analysis. We can conclude that LVDT sensor will satisfy the need. Thus Replica tank 

with LVDT sensor is explained in the following session. 
 

3.1 Linear Variable-Differential Transformer (LVDT) 
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Fig-1: Linear-Variable-Differential-Transformer (LVDT) 

 

The linear variable-differential transformer (LVDT), is a passive inductive transducer. It consists of a one 

primary winding between two identical secondary windings. Schematic structure of LVDT is shown in Fig. 1. 

Primary winding is energised by an AC voltage having 50 Hz to 20 kHz frequency. Secondary windings are so 

identical that they are having same no. of turns and geometry. They are connected in series opposition so that the 

induced output voltages oppose each other. Magnetic path between primary and secondary winding changes as the 

core  moves.  Thus  it  gives  a  secondary  output  proportional  to  the  movement  which  directly  indicates  the 

displacement of the core. LVDTs are available in a broad range and widely used for displacement measurements. 

These covers the displacement range from 0.25 mm to 7.5 cm. Also they are sensitive enough to be used for 

displacements below 0.0005 mm [6]. 

 
3.2 Experimental Setup and Working 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig-2: Test Set Up 

 

The arrangement of CAD  model of the  experimental setup is  shown in  fig. It  consists of  MS tank
replicating engine oil  sump,  transparent tube, pump  along  with  motor, float  with  LVTD mounted on it  and
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interconnecting tubes. Replicating tank, transparent tube and pump are connected through a flexible hose. Pump and 

motor are connected with the help of belt and pulley to achieve required specification. Both tanks are open to 

atmosphere. The float is placed on oil level present in the transparent tube. The core of LVDT, over float thus it 

gives longitudinal movement as oil level changes. Tap is provided to tank for removing a known amount of oil 

purposely.  Return line consists of different nozzles to spray and hinder the return oil flow. The design of above 

system is as shown along with setup. 

 
3.3 Design: 
    Reference: 
•     Tata Safari Engine 
•     Oil sump volume: 7.5 LTR 

•     Oil: 15w40 synthetic 

•     Oil Pump requirement: 1500 rpm and 5 lpm 

•     Motor: AC, single phase, 2880 rpm 

•     DAS: Arduino with Labview 

 
     Dimensions: 

•     Engine oil tank dimension: 200 x 150 x 250 mm, 1 mm thk. 

•     Measuring tank dimension: 75 mm dia. x 350 mm 3 mm thk. 

• Oil Pump:     RD hydraulic OP 11 gear pump At 

1500 RPM: 4.8 LPM Displacement 

cm /rev- 3.2 CC/Rev Operating 

pressure-230 bar 

•     Flexible hose: dia. 10 mm, 2 nos. 
 

• LVDT:         Output- 0 to 300 mV (linear) 

Range- 0 to 30 mm 

Resolution- 1 mm 
 

     Material: 
1. Engine Oil tank: MS sheet 
2. Measuring tube: Acrylic 

3. Other: MS pipes for oil circulating pipes, hoses for interconnections, brass nozzles 
 

Actual setup arrangement is shown in fig. First of all whole system was filled with specified engine oil up 

to predetermined level that is 250 mm. As both tanks rest at the same level and open to the atmosphere it will 

definitely show the same level of oil. Then pumping action started by switching ON the motor. Pumping of oil 

causes the continuous circulation of oil into replica tank. Nozzle spreads the oil on tank walls to provide a role of 

return oil as in a case of an engine. Thus it produces some fluctuations ie. waves in oil level. After some time of idle 

running, a tap is opened to remove a known amount of oil from replica tank purposely. As oil is removed from the 

tank, oil level falls from both tanks continuously which results in movement of the float. This movement lowers the 

LVDT core. Thus it gives the continuous record of oil level through DAS. By knowing the change in length for 

particular time and area of a tank we can easily get volumetric consumption. In this way, we get the Real-time oil 

consumption. 
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3.4 Result 

 
 

Fig-3: Labview output  data 
 
 

 
 

Fig-4: Labview output  graphs 

 

Labview result data and graphs are shown in fig. 3 and fig. 4. It clearly indicates the amount of oil 

consumed for particular time period. By using LVDT we can measure oil level change up to 1 mm that is 30 ml 

approximately as shown in above results. 

4.   CONCLUSION 
 

This study demonstrates the capability of newest level measurement techniques t at can be used f 
measurement of oil consumption. In literature study, there are many other techniques listed down which needs more 

study to get good results. As a result indicates LVDT also serves a good purpose of measurement of change in oil 

level. Also, the possibility of Real-time measurement can be easily achieved by integrating the mechanical system with 

electronics. Like, in this case, Arduino and Labview is used to achieve continuous data recording. Compared to a 

conventional method, this new method provides following advantages: 
1.    Higher accuracy and repeatability 
2.    Real-time oil consumption measurement like tracer method. 

3.    Less cycle time required to get results. 

4.    Saving in operational cost. 

5.    Leak proof setup can be obtained by taking some basic precautions. 

6.    The whole system can be automated. 
Thus this work shows the possibility to use conventional methods along with the latest technology to get beneficial 
output with ease. 
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