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ABSTRACT – The accurate compressibility of liquid 

lubricants at varying pressures to studying the 

importance of surface topography and lubrication in 

metal forming has led to construction and testing of an 

experimental tool setup for measuring compressibility of 

fluids by means of pressure-bulk modulus relationship 

for low-to-high viscosity oils. Testing of mineral oils 

showed a nonlinear relationship between the bulk 

modulus and the pressure for measuring compressibility 

of fluids up to a pressure of 500 MPa. 

 

1. INTRODUCTION 

Bulk modulus expresses the resistance of a fluid to 

compression. This property has been found to vary with 

pressure [1], temperature [2], and molecular structure [3]. 

Bulk modulus represents a significant property in power 

efficiency and response time of refrigeration and air 

conditioning machinery [4], an explanation to studying 

surface topography and trapped lubricants [5-7], and an 

explanation of viscosity-pressure properties in the 

fundamental studies of hydrodynamic lubrication [8-9]. 

Metal forming in the mixed lubrication regime 

implies that the forming load in the tool/workpiece 

interface is shared between the metal-to-metal asperity 

contacts and the pressurized lubricant in the pockets 

between asperity contacts [10]. From literatures in 

studying the importance of surface topography and 

lubrication in metal forming, it appears that calculation 

of the pressure increase of lubricant trapped in closed 

pockets of the workpiece surface in metal forming 

requires knowledge on the lubricant bulk modulus. Data 

are difficult to find in the literature, and standard test 

methods require advanced laboratory equipment [11-13]. 

Most of the advanced laboratory equipment is 

determining the lubricant pressure indirectly by 

measuring the punch load outside the pressure chamber. 

The drawback of this is that the measured force includes 

friction in the sealing and thereby overestimates the 

pressure in the lubricant. 

The present paper describes an experimental 

compression test of liquid lubricants with direct 

measurement of the lubricant pressure build-up and the 

subsequent determination of the lubricant bulk modulus 

in a wide pressure range. The work includes design and 

construction of a new, high-pressure compressibility 

equipment and testing of the liquid lubricant 

compressibility up to 500 MPa, i.e. in a pressure range 

similar to the one appearing in the tool-workpiece 

interface in stamping of stainless steel sheet [14]. 

 

2. COMPRESSIBILITY OF FLUIDS 

The lubricant volume changes with the hydrostatic 

pressure [14]. This change is expressed by the bulk 

modulus K of the compressed lubricant as stated in 

Equation (1). 
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where K is bulk modulus, V is volume, dp is differential 

hydrostatic pressure and dV is differential of volume. 

 

3. HIGH-PRESSURE EQUIPMENT 

The high-pressure equipment has been designed 

and constructed for measuring lubricant pressure build-

up with decreasing lubricant volume in a pre-stressed 

Ø37 mm high pressure container with two fitting 

punches, see Figure 1. The lower punch is stationary, 

whereas the upper punch is moving in order to compress 

the liquid between the punches. Load is delivered by a 2 

MN hydraulic cylinder. A wedge clearance seal of the 

liquid comprising of three rings are mounted on the 

punches. For testing of lubricants to 500 MPa, ring 1, 

which has a triangular cross section is made of copper, 

ring 2 with a square cross section is made of Teflon, 

whereas ring 3 is a commercial U-shaped rubber seal, 

Variseal M2S from Trelleborg, Sweden. A central bore in 

the bottom punch leads the oil to a pressure sensor and 

measuring range up to 1.5 GPa. The volume change is 

measured by measuring the punch travel by a length 

transducer. 

 

4. TEST OILS 

Mineral oils applied in sheet stamping were selected 

for the experiments. Data on the test lubricants are listed 

in Table 1. 

 

5. RESULTS AND DISCUSSION 

Figure 2 shows the measured bulk modulus at 

various pressure levels. The TDN81 shows less 

compressibility in comparison to the other lubricants. 

The other three lubricants, R300, R800 and CR5, have 

approximately the same bulk modulus. A non-linear 

increase in bulk modulus with pressure is observed. At 

lower pressures, the bulk modulus increases more rapidly 

than at higher pressures. The bulk modulus at 500 MPa is 

about 2 to 2.5 times larger than at ambient pressure, and 

the compression of the lubricant is about 13 to 15 percent. 

Testing of the lubricant compressibility at elevated 

pressures has revealed that the lubricant bulk modulus is 

independent of lubricant viscosity, see Table 1 for the 

different lubricant viscosities. Larger viscosity lubricants 
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do not provide larger bulk modulus. It is noticed that 

TDN81, which has medium viscosity, has the largest bulk 

modulus, whereas the oils R800, R300 and CR5 have 

approximately the same, lower bulk modulus. The mixed 

oil CR5-Sun has slightly lower bulk modulus than those. 

 

 
Figure 1 Schematics of components for measuring 

compressibility of liquid lubricants. 

 

Table 1 Test lubricant properties. 

Lubricant Types Name 
Viscosity ƞ 

@40°C (cSt) 

Pure mineral oil CR5 

CR5-Sun 

660 

60 

Rhenus oil R800 

R300 

800 

300 

Chlorinate paraffin TDN81 150 

 

 
Figure 2 Bulk modulus K of the test lubricants at 

increasing pressure. 

 

6. CONCLUSION 

The high-pressure equipment has been developed 

for determining lubricant bulk modulus up to a pressure 

of 500 MPa. The pressure is measured directly inside the 

high-pressure container, which means that the test 

equipment allows a direct determination of the bulk 

modulus at varying pressure with no influence from 

friction in the sealing. 
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