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Abstract

The paper describes the development and manufacturing process of a novel polishing

membrane tool as well as the performance characterization procedure. First

machining tests on steel surfaces will be presented.

1 Introduction

Polishing is the last and the most essential process step in the manufacturing process

for steel mould manufacturing to guarantee the required form accuracy (1-5 µm) and

especially the surface roughness (single digit nanometer range). This is the case for

polishing of moulds for optics manufacturing as well as mould making in the field of

automotive or consumer products. One of the main influence factors for a reliable

polishing process are a multidirectional velocity profile within the contact zone of the

tool (polishing spot) and the surface. Thus, directional textures on the surface can be

avoided. To achieve a constant material removal rate a homogenous pressure profile

needs to be adjusted in the polishing spot. Utilizing rigid polishing tools this

requirement often cannot be met. As a result membrane tools were developed in the

past few years. Those tools promise a very good characteristic regarding the

adaptability on the free-form shape of the mould at constant pressure conditions.

2 Membrane tool concept

Commercially available membrane tools, often called polishing bonnets [1, 2] have a

lot of limitations in terms of sensitive force control as well as adaptability on the form

and curvature of the mould. They usually consist of a fiber reinforced rubber material

on which the polishing cloth will be glued. Due to the complicated polishing cloth

forming, those tools are limited in their achievable curvature. Because of the different

layers consisting of rubber membrane material, adhesive and polishing cloth, state-of-
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the-art membrane tools are very rigid and the basic idea of setting the internal

pressure of the tool within the polishing spot is not sufficient. Furthermore the

adaptive behavior on the surface cannot be guaranteed due to the rigid composition of

the tool. These drawbacks were the motivations to design a novel force sensitive

membrane tool. It consists of a synthetic tissue reinforced rubber material with a

cured polishing cloth material presenting a single use polishing tool with an excellent

performance in terms of adaptability on the work piece surface as well as process

force sensitivity.

3 Manufacturing process of the novel membrane tool

Figure 1 shows the manufacturing process steps of the novel polishing membrane.

Figure 1: Manufacturing process of the polishing membrane
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4 Performance Characterisation and finishing results

For the characterization and first performance tests a special measurement technique

was utilized to check the real pressure profile of the novel membrane tools at

different tool inside pressures, axial infeeds and corresponding loads. Thus, the

optimum polishing spot diameter can be defined by means of a matrix pressure sensor

in combination with a PC-based pressure mapping system (see Figure 2).

Figure 2: Test bench for the membrane characterisation

Figure 3 shows a diagram for a PU-foam and a felt membrane. The magnitude in [%]

describes the spot size and homogeneity of the pressure profile in one dimension.

Figure 3: Results of performance characterisation
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Figure 3 a) shows the pressure profile of the membrane at too low inside pressure at

too high contact force, b) at too high inside pressure and too high contact force and c)

optimal process conditions. To characterize the real performance of the membrane

tool, single steps to finish a steel mould starting from a milled surface (Ra = 0.5 µm

and Rt = 2 µm) were investigated. These tests were first established by the use of a

planar work pieces of X38CrMoV5-1 ESR which was hardened to 52 HRC. A regular

grinding operation realized Ra = 0.3 µm and Rt = 4 µm. A PU-foam membrane was

used for a two step lapping operation with a 14 µm and 9 µm diamond paste. After

lapping the dull surface exhibits Ra = 0.15 µm and Rt = 2 µm. The final surface

quality is based on Ra = 5 nm and Rt = 55 nm revealing a defect-free mirror finish.

This was obtained by a felt membrane tool and a two step approach with 6 µm and

3 µm diamond paste. These first tests were made with a tool inside pressure of 0.5 bar

at a 15 mm polishing spot diameter. Figure 4 shows the final tool assembly.

Figure 4: Membrane tool
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