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Abstract
Hydrostatic bearings gain significance in machine tools due to their simple design
and wear-free performance. Unwanted effects such as the „stick-slip effect“ do
not occur with this type of bearing. Hydrostatic bearings are mostly built with
throttles, capillaries, separate pumps or progressive rate controllers. For highprecession bearings a more accurate control of the bearing gap is required.
This paper shows the construction of a test bed for such a controller. The test bed
can simulate several operating conditions and the behavior of the controller is
measured. The test bed includes six hydrostatic bearings of two kinds. For
measurement three bearings have to be in operation. Forces up to 15 kN can be
set as constant or predefined signals. The measured variables are the height as
well as the pressure of each hydrostatic bearing and the oil temperature. The test
bed provides a basis for the development of controllers for hydrostatic bearings.
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1. Introduction
The constant progress in industrial production technology always makes higher demands on
precision and accuracy. Especially in the field of machine tools high precision and dynamics
play a major role. In machine tool check rails can be solved in different ways. One of the
solutions is a hydrostatic bearing. Good absorbability and frictionless movement are
advantages over conventional bearings. To raise accuracy of hydrostatic bearings a control
system is needed. This paper shows a test bed for developing and testing of such a controller.

2. Hydrostatic bearing
The main item of this test bed is the hydrostatic bearing. This includes six bearings of two
kind. The bearings have square and round shape and are positioned at an angle of 120°. For
operation there are three bearings of same kind necessary. The three bearings are necessary to
define a plain. The plain is designed in form of the counter piece supported by the bearing
gap.

2.1 Design

Figure 1: Hydrostatic bearing
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Figure 1 shows the basic structure of a hydrostatic bearing. This consists of a basic body with
bearing and the counter piece. The oil flows through the bearing and follows the way in the
surroundings. The flowing oil builds the gap height h.

2.2 Calculation
The basis for the calculation of the oil flow of a hydrostatic bearing is the law of HagenPoiseuille. The law describes the flow in a parallel gap. [3]
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The oilflow Q is calculated with the difference between the pressure inside and outside the
bearing Δp. The equation is also influenced by the gap length b and die gap height h as well as
the dynamic viscosity of the oil η and the gap width l.
For the calculation of the bearing pressure the real distribution of pressure is reduced to an
effective distribution. The outcome of this is an effective area Aeff. The bearing pressure pT is
solved by the force F divided by the effective area.
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3. Test bed

Figure 2: Hydrostatic bearing test bed

3.1 Description
Figure 2 shows the test bed. The width and the length of the test bed are 600 mm. The height
is 1310 mm. The testing bay consists of a hydrostatic bearing, table, device for simulating
impact load and the hydraulic and pneumatic components. Forces up to 15kN can be
simulated in different forms. It is possible to induce static and dynamic forces with the
pneumatic bellow. In operation with dynamic forces different signal sequences can be
realised. On the lower side of the test bed there are 10 disks with a mass of 10 kg each. To
simulate impact loads one disk can be dropped down.
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3.2 Design of measurement

Figure 3: Schematic design of measurement
In figure 3 the schematic design of measurement is shown. Each measurement includes the
height of each bearing gap h1 to h3, the pressure of each bearing p1 to p3, the oil temperature
T, the acting force F and the measuring time t. All these parameters are stored in a
measurement file. The analysis of data is done with Matlab.

4. Example measurement
In figure 4 to 7 there are examples of measurement shown. Each test has been done with a
progressive rate controller and with adjustable throttles. The comparison between the tests is
quantitative nature because the height of the bearing gap is not exactly the same. The first test
switching on step is shown in figure 4 and 5. The most distinctive difference between the
controller and the throttle is the time to reach the final gap height. In throttle operating state it
takes about 50ms and in controller operating state about 6s after turning on. Another
significant detail is that the controller does not work synchronous.
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Figure 4: Switching on step with throttle

Figure 5: Switching on step with controller
The second example is shown in figure 6 and 7. In these tests the force raises in progressive
stages. The most important difference between the both operating states is that the gap height
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at controller state brakes down at each raise of force. This is because of the too long responce
time of the controller.

Figure 6: load collective with throttle

Figure 7: load collective with controller
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5. Conclusion
The test bench provides a good basis for the development of mechanical controllers for
hydrostatic bearings. The measurements with a state of the art controller have shown that the
present construction is not perfect to control hydrostatic bearings. The next step will be the
development of an ideal controller together with a simulation of its behavior in Ansys. To
adopt the test bed for tests with the new designed controller improvements in the area of
bearing gap measurement and the application of force will be done.
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